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Summary. - The Convention on Biological Diversity addresses two controversies that surround 
plant genetic resources (PGRs). One debate has been over property rights governing PGRs and 
the distribution of benefits from their use. The second has been over the adequacy of measures 
to maintain crop genetic diversity. This paper examines how these two debates are linked and 
reviews previous multilateral attempts to address them. The Convention signals wider 
international acceptance of stricter property rights over PGRs and the need for multilateral 
assistance for PGR conservation. However, current proposals to implement the Convention 
appear too limited in scope to achieve their stated conservation objectives, while several areas of 
controversy remain. These include debates over: (i) intellectual property protection for biological 
inventions; (ii) control over PGRs in international gene banks; (iii) the international biosafety 
protocol regulating biotechnology; (iv) mechanisms to finance PGR conservation; and (v) the 
allocation of funds between in situ and ex situ conservation. Q 1998 Elsevier Science Ltd. All 
rights reserved 

1. INTRODUCTION 

The international system of plant genetic 
resource (PGR) collection, exchange and 
conservation has contributed substantially to 
productivity growth in world agriculture. Over 
the last 50 years, genetic improvements have 
accounted for roughly half of the yield increases 
of major US field crops (Thirtle, 1985; OTA, 
1987; Duvick, 1992; Huffman and Evenson, 1993; 
Fuglie et al., 1996). The contribution of genetic 
improvements to yield growth has been similarly 
impressive in other countries (Dalrymple, 1977; 
Silvey, 1986; Anderson and Hazell, 1989; Byerlee 
and Traxler, 1995; Evenson and Gollin, 1997). 

Despite these achievements, the collection, 
exchange and use of PGRs has been controver- 
sial. First, critics have argued that differences in 
property rights governing raw germplasm and 
commercial seed varieties are inequitable and 
biased against developing countries (Mooney, 
1979, 1983; Christensen, 1987; Kloppenburg, 
1988; Brush, 1992). Second, there is concern that 
PGRs are being inadequately conserved, which 
jeopardizes the agricultural system that depends 
on their existence (Christensen, 1987; OTA, 

1987; Brush, 1992; Reid, 1992; Huffman and 
Evenson, 1993; NRC, 1993; UN FAO, 1996). 
Failure to address these problems may inhibit 
the international exchange of PGRs, thwart 
efforts to conserve those resources and ultima- 
tely threaten long-term agricultural productivity 
growth. Among other important goals, the 
United Nations Convention on Biological Diver- 
sity has attempted to address these problems. 

This paper examines the role of the Conven- 
tion on Biological Diversity in resolving debates 
over the equity and efficiency of PGR manage- 
ment. First, it describes the nature of these two 
problems and how debates over them are linked. 
Second, it places the Convention in its historical 
context, and reviews previous multilateral 
attempts to resolve PGR disputes. Third, the 
paper examines provisions of the Convention 
with major implications from PGR management 
and examines proposed policies to implement 
those provisions. The paper discusses how the 
nature of the debate over PGRs has shifted, 
from broad debate over the very idea of property 
rights over genetic resources, to more specific 
issues of biotechnology transfer and trade, 
financing biodiversity conservation, and alloca- 
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tion of funds between alternative conservation 
activities. It concludes by identifying major 
unresolved policy debates. 

2. THE CONTEXT 

Human selection of plant varieties for desired 
traits (such as taste or pest resistance) dates back 
to the very beginnings of agriculture. For 
thousands of years, farmers have selected and 
saved landrace’ varieties of the crops that 
humans consume todag. The Russian botanist 
Vavilov identified “centers of diversity” where 
intra-species diversity of crop varieties was 
particularly high. These were often in areas 
where these crops were first domesticated.4 Most 
of these regions of diversity are located in 
developing countries. The movement of seed 
varieties far from their original regions of 
domestication began with early human migra- 
tions and accelerated during the era of colonial 
expansion. Today, throughout the globe, crops 
are grown far from their original regions of 
diversity, while most of the intraspecies diversity 
is still concentrated in those distinct regions. 

On this broad time scale, modern scientific 
plant breeding and the rise of the private seed 
industry are relatively recent developments. The 
growth of the private seed industry has been 
spurred by three factors: (i) extensive public 
investment in the collection, dissemination and 
characterization of genetic materials; (ii) 
development of hybrid varieties; and (iii) and the 
evolution of stricter intellectual property rights 
over biological inventions. 

Many studies have considered the public good 
aspects of genetic resources (Brown and Swierz- 
binski, 1985; Brown, 1987; Sedjo, 1992; Simpson 
and Sedjo, 1992; Reid, 1992; Frisvold and 
Condon, 1994; Swanson, 1996). Naturally occur- 
ring plants or animals are not considered patent- 
able inventions. Genetic resources are easily 
transported and replicated, making it difficult for 
a country to exclude others from their use. While 
genetic resources may be useful in developing 
patentable inventions, knowledge of that useful- 
ness is a public good. This discourages private 
actors from making investments to preserve and 
collect genetic resources and to screen them for 
their utility (Brown and Swierzbinski, 1985; 
Duvick, 1991). Moreover, intellectual property 
protection historically has been relatively weak 
for biological innovations. While patents on 
mechanical processes date back hundreds of 
years, intellectual property right (IPR) protec- 
tion over commercially developed plant varieties 
began only this century and remains considerably 

weaker than other forms of IPR protection.’ The 
inability of private investors to appropriate gains 
from biological inventions has been associated 
with under-investment in agricultural research 
(Ruttan, 1982; Fuglie et al., 1996) and with lack 
of incentives for preservation of genetic 
resources (Reid, 1992; NRC, 1993; Swanson, 
1996). 

Historically, there have been two major insti- 
tutional responses to the private sector’s inability 
to appropriate gains from biological inventions. 
The first, was extensive direct public investment 
in germplasm collection and plant breeding. An 
extensive international system of PGR collection 
and exchange, publicly funded by multilateral 
donations, soon developed alongside national 
programs (Ruttan, 1982). These international 
agricultural research centers (IARCs) collect and 
make use of germplasm to create high yielding 
varieties. The IARCS, collectively known as the 
Consultative Group for International Agricul- 
tural Research (CGIAR), make germplasm avail- 
able to national public institutions and to private 
plant breeders. For decades, plant breeders have, 
more or less, freely exchanged this raw 
germplasm.h 

This exchange of genetic material for plant 
breeding has been enormously beneficial to 
developed and developing countries alike. 
Pardey et al. (1996) have estimated that the 
benefits to the United States from improved 
wheat varieties developed by CIMMYT ranged 
between $3.4 and $13.7 billion between 1970 and 
1993. Benefits from improved rice varieties 
developed by IRRI ranged from $30 million to 
$1 billion over that same period.’ Gollin and 
Evenson (1990) have estimated that rice yields in 
India in 1984 were 5.6% higher as a result of 
introduction of germplasm from outside India, 
which was made available by IRRI. Byerlee and 
Traxler (1995) have estimated that the rate of 
return to wheat improvement from joint 
CIMMYT and national research averaged over 
50% across developing countries. 

Developing countries have been the primary 
suppliers of the PGRs contributing to these 
gains. Many plant breeders’ lines - enhanced 
breeding material containing readily transferable 
genetic traits - were adapted from ancient culti- 
vars originally found in developing countries. In 
addition, breeders still rely on new infusions of 
genetic traits from materials native to developing 
countries to instill resistance to the ever-evolving 
plant pests and pathogens (Cox et al., 1988; 
Goodman and Castillo-Gonzalez, 1991; Swanson, 
1996; Knudson, 1998; UN FAO, 1997a). Farmers 
in developed countries have also actively contri- 
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buted to crop variety development. Smale and 
McBride note, “Contrary to popular notions that 
depict certain regions as mere appropriators of 
genetic resources, our findings suggest that 
farmers from all of today’s major wheat 
producing zones have made important 
germplasm contributions”. Despite their origins 
in what are now the developing countries, crop 
germplasm has been treated as a global public 
good. 

The second response to lack of appropriability 
was the evolution of increasingly strict IPRs for 
biological inventions. The commercialization of 
hybrid corn in the 1930s allowed the private 
sector to appropriate gains from plant breeding 
even without patent protection. The progeny of 
hybrids have substantially lower productivity. 
This naturally deters purchasers of seed from 
regenerating new seed for their own use or 
resale. Hybridization helped give rise to a strong 
private seed industry in developed countries. 
This new industry began to push for IPRs more 
comparable to that for mechanical or chemical 
inventions. Over the last 30 years, there has been 
increasingly stronger IPR protection for 
commercial seed and plant varieties and rapid 
growth in private sector plant breeding 
(Kloppenburg, 1988; Godden, 1991; Fuglie et al., 
1996).8 For example, private research expendi- 
tures on plant breeding in the United States 
more than quadrupled in real terms during 
1970-90 (Fuglie et al., 1996). 

While commercially adapted seed varieties 
have been afforded increasing IPR protection, 
raw germplasm and landraces continued to be 
considered a public good. National plant 
breeding programs and IARCs provide genetic 
materials to private breeders whom then use 
those materials to develop new commercial crop 
varieties for sale. This asymmetry has proven 
controversial. Many developing countries and 
non-governmental organizations (NGOs), such 
as the Rural Advancement Foundation Inter- 
national (RAFI) and Genetic Resources Action 
International (GRAIN), have questioned this 
asymmetry in property rights definition. They 
view it as unfair that private breeders have free 
access to raw genetic resources and landraces, 
but demand payment for their elite varieties that 
are based, in part, on germplasm that originated 
in developing countries. Because farmers in 
developing countries have spent thousands of 
years selecting and saving landraces, developing 
countries have made an essential contribution to 

plant breeding (Mooney, 1979, 1983; Brush, 
1992). They have argued that germplasm from 
developing countries has provided crops in 
developed countries with traits for disease or 
pest resistance worth millions of dollars 
(Mooney, 1979, 1983; Kloppenburg, 1988; Ahieri 
and Masera, 1993). 

In one attempt to address this asymmetry, 
many developing countries called for free access 
to commercially-developed crop varieties (UN 
FAO, 1983). Developed countries rejected this 
proposal, claiming intellectual property rights 
(IPRs) for commercial varieties is a necessary 
incentive to encourage private sector research. 
Defenders of IPRs for finished varieties argue 
that it costs developing countries little to provide 
germplasm (Brown, 1988) and that raw 
germplasm is worth little until breeders incor- 
porate them into elite varieties. It has also been 
pointed out that major beneficiaries of the 
development of commercial crop varieties have 
been consumers, particularly in developing 
countries, who benefit from lower priced and 
more plentiful food (Shands, 1994b; Wright, 
1996). 

Disagreement over who owns PGRs threatens 
to disrupt the exchange of genetic materials for 
breeding purposes. Already, some nations have 
begun to withhold germplasm for some or all of 
their indigenous crops (Kloppenburg. 1988). 
Recent US Supreme Court decisions and 
national legislation have limited farmers’ exemp- 
tions to plant IPR protection (Fuglie et al., 1996; 
Knudson, 1998). Meanwhile, controversy over 
control of international gene banks has 
discouraged developed countries from supplying 
funds to support multilateral research and 
conservation programs (Shands, 1994a). The 
intensity of the debate over property rights for 
genetic materials has increased with new 
developments in biotechnology. Biotechnology 
holds the promise of numerous, important 
commercial applications in the fields of 
agriculture and medicine. Genetic materials, in 
turn, are seen as critical inputs to this growing 
biotechnology industry. 

(b) Loss ofgenetic diversity 

A second concern has arisen over loss of crop 
genetic diversity. Genetic erosion - the steady 
loss of genetic diversity in a species - has been 
identified in many commercially important crops. 
Genetic erosion imposes a cost on society 
because it forecloses future options. Complete 
loss of genetic materials is irreversible. They are 
no longer available to breed in resistance to new 
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pests or diseases. Because pests and pathogens 
develop resistance to pesticides or evolve to 
attack new crop varieties, crop yields are not 
static. Plant breeders must continue to work with 
new genetic materials to breed in new forms of 
resistance. Such maintenance research is needed, 
not just to increase yields, but simply to maintain 
them at current levels. Plant breeders primarily 
rely on advanced breeding lines or commercially 
developed cultivars to develop new varieties. 
However, they also rely on landraces and wild 
relatives of domesticated crop varieties for 
specific purposes, such as breeding for drought 
or disease resistance. Plant breeders often rely 
on landraces or wild varieties as a last resort, but 
when used, these materials have “often had a 
disproportionately large and beneficial impact on 
crop production” (Cox et al., 1988, p. 136). Crop 
genetic diversity can be maintained either in situ 
(on site) or ex situ (off site). In situ diversity is 
represented by wild relatives of crop varieties 
existing in uncultivated areas as well as crop 
varieties planted in farmers’ fields. Ex situ diver- 
sity is represented by collections in gene banks 
or botanical gardens. 

The loss of wild varieties occurs mainly 
through habitat conversion. Because of the 
public goods nature of these materials, the use of 
land to preserve habitats for wild varieties 
remains undervalued relative to alternative uses 
such as clearing for agricultural or urban use. 
Although many habitat reserves have been estab- 
lished worldwide, as a rule, wild varieties are 
covered only by accident (UN FAO, 1997). 
Habitat preserves tend to focus on areas rich in 
species diversity. These are not necessarily the 
areas with the greatest crop genetic diversity. 

Genetic erosion can be furthered as landrace 
varieties are displaced by commercially 
developed modern varieties. At the stage of 
adoption, farmers consider yield potential, 
consumption attributes and profitability when 
choosing varieties. While maintenance of a 
diverse set of landrace varieties may prove 
valuable to current or future plant breeding, 
individual farmers do not directly capture these 
benefits. Hence, they have little incentive to 
account for them when deciding which seeds to 
plant and maintain. If farmers discontinue 
planting and maintaining landraces, they can 
become extinct through disuse. 

The dramatic decline in acreage grown in 
many landraces has been attributed to the 
widespread adoption of improved seed varieties 
(Keystone Center, 1990; NRC, 1993; UN FAO, 
1997a). The effects of introducing new crop 
varieties on landrace cultivation and local genetic 

diversity are not well understood, however. 
Existing studies suggest that the process of crop 
introduction is complex and that total displace- 
ment of landrace varieties does not necessarily 
occur (Ortega, 1973; Dennis, 1987; Brush et al., 
1992; Louette and Smale, 1996). In cases where 
modern and traditional varieties are planted 
together, local crop genetic diversity can actually 
be enhanced. 

Widespread adoption of genetically uniform 
crop varieties can also lead to genetic vulnera- 
bility. Genetic uniformity of crop varieties makes 
them more susceptible to the spread of disease 
or pest infestations. While the likelihood of a 
pest or disease outbreak may increase with 
genetic uniformity, farmers are not likely to take 
this into account when choosing which varieties 
to plant. Thus, there remains the private incen- 
tive to plant a narrow range of varieties. This 
occurs even though the crop sector as a whole is 
exposed to greater yield risk. Genetic uniformity 
accounted for the dramatic spread of the 
southern corn leaf blight that led to a 15% 
reduction in the US corn crop in 1970. Since 
1970, the NRC (1993) has concluded that the 
genetic vulnerability of wheat and corn is less of 
a problem (in part because of efforts to breed in 
greater diversity), but that genetic uniformity of 
rice, beans, and many minor crops is still a 
concern. 

Genetic uniformity of many crops has raised 
concerns that crop yields and production will 
become more variable (Swanson, 1996). Hazel1 
(1984) found that “growth in Indian and US 
cereal production has been accompanied by a 
more than proportional increase in the standard 
deviation of production”, and that this increase 
“may be associated with more variable prices, 
with higher-yielding technologies, and with a 
narrowing of the genetic base” (emphasis added). 
More recent evidence of wheat yields in 
developing countries covering a longer time 
period paints a different picture, however. Smale 
and McBride (1996) found that the coefficient of 
variation in wheat yields was greater in the 
decade preceding the Green Revolution than in 
the latest period of their study, 1985-94.9 Wright 
(1996) concludes, “there is no empirical 
confirmation of claims that yields of major crops 
in a given country (as measured by the coeffi- 
cient of variation) are more variable when 
modern high-yield germplasm is used”. 

One reason that yields have not become 
unstable is that temporal diversity has replaced 
spatial diversity. Although there may be greater 
uniformity of crops planted at any given time, 
modern plant breeding allows for the develop- 
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ment and release of new varieties with new traits 
for pest or disease resistance. The ability of plant 
breeders to keep one jump ahead of pests and 
diseases depends directly of the quality of ex situ 
germplasm collections in public gene banks and 
in private breeder collections. Because of the 
public goods nature of raw germplasm and infor- 
mation about its utility, private breeders rely on 
the public sector to collect, characterize and 
perform pre-breeding enhancement of genetic 
materials to make them accessible for private use 
(Duvick, 1991). 

Thus far, the international system of PGR 
management has been successful at maintaining 
steady crop yield increases with temporal diver- 
sity controlling yield variability. There is growing 
concern, however, that this may not be sustain- 
able in the long-term at current funding levels 
(US OTA, 1987; Keystone Center, 1991; NRC, 
1993; UN FAO, 1996). Funding problems arise, 
in part, because individual nations do not 
capture the full gains of improved crop yields.“’ 
This implies that national governments will 
under-fund germplasm storage (NRC, 1991). 
The National Research Council has noted that 
many public gene banks are not effectively 
preventing genetic erosion within their collec- 
tions (NRC, 1993) and have even been charac- 
terized as “gene morgues” (Goodman, 1990). 
Multilateral funding of international crop 
research facilities overcomes this problem 
somewhat. However, free-rider problems imply 
that funding for international facilities will be 
inadequate.” 

In a recent comprehensive study of the status 
of PGRs, the UN Food and Agriculture Organiz- 
ation (FAO) reported on a number of pervasive 
problems facing gene banks worldwide (UN 
FAO, 1997a). First, the number of gene banks 
and accessions to those banks has increased 
dramatically since 1970 in response to inter- 
national concern over genetic erosion and 
genetic vulnerability. While much of the 
emphasis has been placed on collecting 
materials, less attention has been given to 
maintaining the viability of accession over the 
long term. Most gene banks lack long-term 
storage facilities. Even accessions in long-term 
storage cannot be maintained indefinitely. 
Collected material must be grown out, or “regen- 
erated” periodically. The FAO found that an 
alarming high number of accessions require 
regeneration and are therefore now endangered. 
Many gene banks lack the funds, facilities or 
staff to carry out needed regenerations. Second, 
while representation of elite and landrace varie- 
ties of major cereal crops in gene banks are 

generally believed to be fairly complete, the 
coverage of wild relatives remains low. 
Moreover, coverage of many crops (such as root 
crops, fruits and vegetables) is poor. Third, only 
a small fraction of accessions have been charac- 
terized. This lack of information about what 
actually resides in these collections makes it 
difficult to determine where there is too little 
duplication of materials (to safeguard against 
damage at any one site) or too much duplication 
(resulting in costly redundancy in collections). 
Plant breeders have frequently cited the lack of 
characterization information as a major 
constraint on their use of new genetic materials, 
which limits the diversity that plant breeders can 
incorporate into new varieties. Fourth, many 
countries have reported that funding has been 
too unstable and uncertain from year-to-year, 
which has hampered investment and planning 
decisions. 

Thus, while plant breeders appear confident 
that the current germplasm stock, if properly 
maintained, is adequate to maintain steady yield 
growth over the next 20 to 50 years (Shands, 
1994~; Siebeck, 1994; Sperling, 1994), there is 
widespread concern that this genetic stock is 
depreciating. Of particular concern is the status 
of the collections of the Vavilov Institute in the 
Former Soviet Union, one of the largest collec- 
tions in the world. After the break-up of the 
Soviet Union, six experimental stations of the 
Institute came under the control of independent 
republics who faced critical financial and struc- 
tural problems. Funding for gene banks in the 
FSU has been greatly reduced and many of the 
accessions are threatened (Zohrabian, 1995). 
With regard to the need for accession regenera- 
tion worldwide, the UN FAO (1996) has warned, 
“without prompt and significant intervention, 
much of the stored genetic diversity of food and 
agricultural crops in the world - as well as the 
large public investment made in assembling the 
collections - will be lost forever”. US Vice 
President Gore has called genetic erosion “the 
single most serious strategic threat to the global 
food system” (Gore, 1992, p. 144). 

3. MULTILATERAL AGREEMENTS 

(a) From common heritage to farmers’ rights 

In 1983, a major controversy developed over 
genetic resources when a majority of countries at 
the Food and Agriculture Organization (FAO) 
of the United Nations passed Resolution S/83, 
the International Undertaking on Plant Genetic 
Resources. The Undertaking called for free 
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access to all germplasm, including commercially 
developed elite varieties and breeding materials 
(UN FAO, 1983). Many developing countries 
argued that in return for the contribution of 
their raw germplasm to commercial breeding, 
private breeders should provide them with free 
access to elite breeding materials (Kloppenburg, 
1988). 

Developed countries rejected the resolution, 
arguing that it did not honor the proprietary 
nature of breeding materials and finished varie- 
ties and therefore reduced incentives for private 
investment in varietal improvements (ASTA, 
1984; Brown, 1988). As a result, compliance with 
Resolution 8/83 was not binding. Virtually every 
developed country officially indicated to the 
FAO that they would be unable to support the 
undertaking unless significant restrictions to free 
access were included (NRC, 1993). Although 
frequently portrayed as a simple North-South 
conflict (Mooney, 1983; Kloppenburg, 1988) 
several developing countries chose not to adhere 
to the undertaking, in particular China, Brazil 
and many South-East Asian countries. 

Subsequent meetings of the FAO and a series 
of dialogues between opposing factions organ- 
ized by the Keystone Center began to resolve 
differences (UN FAO, 1987a,b,c, 1989, 1991; 
Keystone Center, 1988, 1990, 1991). Delegates 
generally accepted that plant breeders’ rights 
legislation represents a legitimate interest and 
does not necessarily constitute an impediment to 
access to protected varieties for the purpose of 
research and the creation of new varieties. 
Second, the concept of PGRs as the world’s 
“common heritage” was fundamentally changed 
by FAO resolution 3191, which acknowledged 
“the sovereignty of States over their plant 
genetic resources”. Third, the FAO agreed to 
establish a fund for genetic resource conserva- 
tion. Finally, delegates advocated “farmers’ 
rights” as a means of compensating developing 
countries. Under this system, the contribution of 
traditional farmers to plant breeding would be 
acknowledged by the creation of an international 
fund to support PGR conservation activities. 
particularly &z situ conservation programs in 
developing countries (Brush, 1992; NRC, 1993). 

The concept of farmers’ rights is fundamen- 
tally different from the existing plant breeders’ 
rights system. In the latter case, breeders can 
obtain intellectual property protection supported 
by the force of law to obtain compensation for 
improving plant varieties. Plant breeders’ rights 
allow new variety developers to capture 
monopoly rents for a limited period of time. 
These rents serve as an economic incentive for 

new varietal development. In contrast, the 
farmers’ rights system implies a non-compulsory 
moral obligation to developing countries for past 
contributions to crop genetic improvements. 
While plant breeders’ rights are aimed at 
creating incentives for future innovation, early 
farmers’ rights proposals focused on retroactive 
compensation. 

(b) TRIplv and plant patents 

In separate negotiations begun in 1986, trade 
representatives were busy drafting the Uruguay 
Round of the General Agreement on Trade and 
Tariffs, to reduce international trade barriers. An 
important component of the GATT is settlement 
of trade-related intellectual property issues 
(TRIPS). The GATT creates minimum standards 
for the protection of intellectual property rights 
(IPRs), including intellectual property protection 
over commercially developed seed and plant 
varieties. Article 27, 3(b) states that, “Members 
shall provide for the protection of plant varieties 
either by patents or by an effective sui generis 
system or by any combination thereof”. In return 
for adopting IPR protection, developing 
countries would gain greater access to markets in 
developed countries. The GATT, which imposes 
trade sanctions on countries not complying with 
its provisions, improved the negotiating position 
of developed countries in debates over genetic 
resource property rights. It did so by establishing 
that changes to the current system of PGR 
management would have to be consistent with 
the TRIPS provisions. 

Although the GATT moved toward more 
universal recognition of plant breeders’ rights 
and the FAO meetings identified the system of 
farmers’ rights to fund ongoing preservation, 
there are unresolved questions. First, there 
remains the question of who owns the raw 
germplasm stored in international gene banks. 
Developing countries and NGOs have called for 
greater control over the raw germplasm stored in 
international seed banks, arguing that the 
CGIAR is biased towards the interests of 
developed countries, its primary financier. Thus 
they have called for a multinational authority, 
such as the FAO, to control the seed banks. The 
germplasm collections held by the CGIAR have 
subsequently been placed under the auspices of 
the FAO. The CGIAR collections include over 
half a billion accessions and represent the largest 
single block of ex situ genetic materials. Plant 
breeders in developed countries fear that some 
developing countries will use FAO as a forum to 
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politicize germplasm exchange and restrict their 
access to materials in gene banks. 

Another limitation of FAO agreements is lack 
of funding. Contributions to the FAOs fund for 
genetic resource preservation have remained 
insignificant. Finally, questions of how to allocate 
funds between developing countries have not 
been decided. It is unclear how farmers’ rights 
will be implemented, given the difficulty of deter- 
mining the contributions of and appropriate 
compensation for farming communities in 
developing countries. Thus, these multilateral 
agreements have yet to resolve fundamental 
disagreements over the equity question or 
developing an implementable strategy to provide 
adequate incentives for genetic resource 
preservation. 

4. THE UN CONVENTION ON 
BIOLOGICAL DIVERSITY 

The Convention on Biological Diversity repre- 
sents the latest multilateral attempt to address 
ongoing disputes over the exchange and use of 
plant genetic resources. The Convention arose 
out of concern over loss of ecosystem and 
species diversity stemming from tropical defor- 
estation and more systemic habitat loss. Conse- 
quently, many of the leading representatives that 
were negotiating language in the Convention 
were from environmental rather than agricultural 
ministries. Language in the Convention related 
to property rights over genetic materials, intel- 
lectual property rights over biological inventions, 
technology transfer and benefit sharing were 
drafted with pharmaceutical development in 
mind more than seed variety development. 
However, the Convention had several important 
implications for management of PGRs, while 
subsequent meetings to implement the Conven- 
tion have focused increasingly on agricultural 
biodiversity. 

The Convention was designed to promote the 
conservation and sustainable use of biological 
diversity and to encourage the equitable sharing 
of the resulting benefits. The Convention was 
opened for signature at the UN Conference on 
Environment and Development in Rio de 
Janeiro in 1992. Several provisions of the 
Convention proved controversial. President Bush 
refused to sign the Convention (against the 
recommendation of then US Environmental 
Protection Agency head William Reilly), citing 
biotechnology and seed industry concerns that 
the Convention undermined IPR protection. The 
Convention was entered into force for signa- 
tories on 29 December 1993. President Clinton 

subsequently signed the Convention in 1994, but 
the US Senate has not ratified it. The State 
Department has attached a set of understandings 
to the Convention that define how the United 
States would interpret controversial provisions. 
The language of these understandings has been 
sufficient to gain support for ratification from the 
biotechnology industry and the American Seed 
Trade Association. (Both biotechnology and seed 
industry trade associations have written letters to 
key Senators and taken out full-page ads in the 
Washington Post to endorse ratification of the 
Convention.) The First Conference of Parties 
(COP) of signatories to the Convention met at 
the end of 1994 to plan implementation of the 
Convention. Because the United States has not 
ratified the Convention, it attends meetings of 
the COP as a non-voting observer. 

(a) Provisions that affect PGR management 

This section considers some of the more 
controversial provisions of the Convention with 
the most direct implications for PGR collection, 
preservation and exchange. We focus particular 
attention on the US government’s official inter- 
pretation of these provisions and their implica- 
tions. In relation to ownership of genetic 
materials, Article 1.5 asserts that countries have 
sovereign rights to their indigenous genetic 
resources. In addition Article 15 (7) states: 

Each Contracting Party shall take legislative, admin- 
istrative or policy measures... with the aim of sharing 
in a fair and equitable way the results of research 
and development and the benefits arising from the 
commercial and other utilization of genetic resources 
with the Contracting Party providing such resources. 
Such sharing shall be upon mutually agreed terms. 

This provision formalizes the right of a country 
to use its property rights over genetic resources 
to gain a greater share of the benefits from 
technologies that use those resources. 

Articles 16 and 22 address the issue of intel- 
lectual property rights (IPRs) to finished crop 
varieties. They state that any benefit sharing 
between contracting parties must honor intel- 
lectual property rights. Article 16 (2) states: 

Access to and transfer of technology... shall be 
provided and/or facilitated under fair and most 
favourable terms, including on concessional and 
preferential terms where mutually agreed, and, 
where necessary, in accordance with the financial 
mechanism established by Article 20 and 21. In the 
case of technology subject to patents and other intel- 
lectual property rights, such access and transfer shall 
be provided on terms which recognize and are 
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consistent with the adequate and effective protection 
of intellectual property rights. 

To reinforce this point, the Convention states in 
Article 22: 

The provisions of this Convention shall not affect the 
rights and obligations of any Contracting Party 
deriving from any existing international agreement, 
except where the exercise of those rights and obliga- 
tions would cause a serious damage or threat to 
biological diversity. 

This passage can be interpreted to mean that the 
Convention must be consistent with the TRIPS 
provisions of the GATT. Indeed, the United 
States’ interpretation is that the Convention 
cannot be used to overrule existing intellectual 
property law (US Department of State, 1994). 
Contrary to undermining IPRs, the Convention 
represents a major concession by developing 
countries on this issue. Rather than establishing 
free access to all genetic materials, countries are 
given sovereign rights to their genetic resources 
and encouraged to obtain payments or transfer 
of technology in exchange for access to them. 

One issue that complicates technology transfer 
is the Convention’s provision for a biosafety 
protocol to regulate the international movement 
of biotechnology. Environmental action groups 
fear that lax standards regulating the inter- 
national exchange of genetic materials could 
pose a threat to biodiversity, as imported preda- 
tory plant and animal species threaten ecosys- 
tems. The Convention calls for establishing a set 
of regulations to minimize such adverse impacts. 
Article 19 (3) states: 

The Parties shall consider the need for and modali- 
ties of a protocol setting out appropriate procedures, 
including, in particular, advance informed agree- 
ment, in the field of the safe transfer, handling and 
use of any living modified organism resulting from 
biotechnology that may have adverse effect on the 
conservation and sustainable use of biological 
diversity. 

Biotechnology industry representatives have 
expressed concern that COP negotiators may 
implement a restrictive protocol that would 
promote non-tariff trade barriers to biotechnolo- 
gies or limit companies’ acquisition and testing 
of promising genetic materials (Strauss, 1994; US 
Department of State, 1994). International 
negotiators continue to debate whether a 
protocol would be necessary and what form it 
might take. The US government has included the 
following statement in the interpretive document 
accompanying its submission of the Convention 
for ratification: 

the United States does not believe that a protocol on 
biosafety under this Convention is warranted. 

However, should discussions on this issue proceed, 
the United States, in close cooperation with the US 
biotechnology industry, will work to ensure that any 
biosafety protocol that might arise from the Conven- 
tion is scientifically based and analytically sound. 

Another source of controversy is the question 
of control over germplasm collected prior to the 
Convention coming into force. This includes not 
only national collections, but also the holdings of 
the CGIAR. In meetings of the COP, some 
developing countries have called for having the 
collections in international gene banks placed 
under the jurisdiction of the Convention. In 
1987, the FAO Legal Office noted that 
germplasm held in national government gene 
banks or other national public institutions was 
for all intents and purposes considered to be 
vested in those nations, regardless of the origin 
of those materials. The legal status of germplasm 
collected and held by the CGIAR was not clearly 
defined, however (UN FAO, 1997~). Article 
15(3) of the Convention states: 

For the purpose of this Convention, the genetic 
resources being provided by a Contracting Party... 
are only those that are provided by Contracting 
Parties that are countries of origin of such resources 
or that have acquired the genetic resources in 
accordance with this Convention. 

Most treaties that extend in scope prior to the 
date of enactment state so explicitly. This 
suggests that sovereign rights to genetic materials 
extend only to material acquired after the 
Convention’s ratification. The prospect that 
property rights over genetic resources would 
become retroactive was a major concern of the 
US biotechnology and seed industries. The US 
State Department’s interpretation is that 
sovereign rights over genetic resources are not 
retroactive (US Department of State, 1994). The 
FAO Commission of Genetic Resources for 
Food and Agriculture has also argued that 
genetic resources situated outside the country of 
origin prior to Convention’s entry into force 
were not acquired in accordance with the 
Convention (UN FAO, 1997~). Therefore the 
ownership and legal status (and provisions 
controlling access and benefits sharing) of these 
resources are not covered by the Convention. 

5. DEVELOPMENTS SINCE RIO 

Although agricultural biodiversity was not the 
primary focus of the Convention when it was 
drafted, management of PGRs has taken a more 
prominent role in subsequent COP meetings to 
implement the Convention. During the third 
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COP, held in Buenos Aires in 1996, only two 
official working groups were established, one for 
agricultural biodiversity and one for financial 
issues. The Secretariats of the Convention and 
the FAO have begun to map out a joint program 
of work on PGRs. The FAO is in the process of 
revising the International Undertaking to be 
consistent with the Convention’s Article 15 on 
access and benefit sharing. At FAOs Fourth 
International Technical Conference on Plant 
Genetic Resources, held in Leipzig in 1996, 
delegates adopted a Global Plan of Action For 
the Conservation and Sustainable Utilization of 
Plant Genetic Resources for Food and 
Agriculture (GPA) covering both in situ and ex 
situ conservation (UN FAO, 1996). Issues 
debated in COP and FAO forums include: 
custody of ex situ materials collected prior to the 
Convention coming into force; the impacts of 
international trade and adoption of new plant 
varieties on agricultural biodiversity; imple- 
menting farmers’ rights; funding the GPA, and 
preserving and rewarding indigenous agricultural 
knowledge systems. 

The COP has established a Biosafety Working 
Group to develop a legally binding international 
biosafety protocol by 1998 (Raustiala and Victor, 
1996). Many national governments have 
developed formal policies intended to ensure the 
safe transfer, testing, use and disposal of living 
modified organisms (LMOs) derived from 
biotechnology. The UN Environmental Program 
has also developed non-binding International 
Technical Guidelines for Safety in Biotech- 
nology. However, there are currently no binding 
international agreements concerning movement 
of LMOs across borders. 

While there are many areas of consensus 
regarding what should be addressed in the 
biosafety protocol, there are also major areas of 
disagreement that have important implications 
for agriculture. There is general agreement that 
it is appropriate for the protocol to address the 
following topics: (i) transfer of LMOs that may 
adversely affect biodiversity, including release of 
LMOs in centers of crop genetic diversity; (ii) 
mechanisms for risk assessment; (iii) procedures 
for securing advanced informed agreement from 
importing countries; (iv) information exchange; 
and (v) capacity building. An area of major 
disagreement is whether the protocol should also 
address the economic impacts of trade in 
biotechnologies. Many developing countries and 
NGOs have insisted on addressing issues such as 
the impacts of biotechnology trade on employ- 
ment and export markets, regulation of multi- 
national corporations and extension of 

intellectual property rights. Debate over the 
regulation of biotechnology has not followed 
simple North-South lines. Some developing 
countries with nascent biotechnology industries 
are more cautious about imposing trade restric- 
tions on biotechnology products, while the EU 
has sought to restrict importation of US agricul- 
tural biotechnology products. 

Such explicit concern over economic (rather 
than health or environmental) impacts of 
biotechnology bears out the US biotechnology 
industry’s concern that a biosafety protocol could 
be used as a pretext for establishing non-tariff 
barriers to trade. The US government has 
expressed concern that many biotechnology- 
based agricultural products will face such trade 
barriers and that, because the United States has 
not ratified the Convention, it has no formal say 
in the ultimate structure of a biosafety protocol 
(Lynch, 1996). 

6. POLICIES TO IMPLEMENT THE 
CONVENTION 

Four major policy proposals have been put 
forward to encourage commercialization of 
genetic resources and to encourage their 
conservation. These are (i) material transfer 
agreements, (ii) transfer of biotechnologies to 
developing countries, (iii) stronger intellectual 
property rights over genetic inventions in 
developing countries, and (iv) public investment 
in in situ and ex situ conservation. 

(a) Material transfer agreements 

Material transfer agreements (MTAs) are 
agreements between private firms and develop- 
ing countries to share genetic resources and the 
gains from new product development. MTAs 
involve payments to developing countries for 
their genetic materials, technology sharing agree- 
ments and patent protection for private firms. 
They have been recommended to reward 
suppliers of genetic resources and thereby create 
incentives to preserve germplasm (Christensen, 
1987; Barton and Christensen, 1988; Simpson 
and Sedjo, 1992; Blum, 1993; WRI, 1993; US 
Department of State, 1994). MTAs honor the 
developing countries’ contribution to plant 
breeding by directly compensating developing 
countries for their genetic resources. Thus they 
are a better counterpart to breeders’ rights than 
is the concept of farmers’ rights. In addition the 
agreements could enable developing countries to 
add value to their raw genetic resources and 
thereby capture a greater share of the benefits 
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from their use. MTAs have been touted as 
potentially important contractual arrangements 
to further pharmaceutical development (Sedjo, 
1992; Simpson and Sedjo, 1992; Blum, 1993; 
WRI, 1993; Barbier and Aylward, 1996). 

There is reason to be skeptical about the 
applicability of MTAs to crop genetic resources, 
however. It is questionable whether private plant 
breeders will enter MTAs on a large enough 
scale to bring significant benefits to many genetic 
resource suppliers. First, developing countries 
have no property rights over most of the genetic 
materials used to create seed varieties. Plant 
breeders of major crops use germplasm mainly 
from their own working collections, or acquire it 
from other breeders, botanists, or geneticists. 
This germplasm has already been enhanced and 
configured for plant breeding purposes. Both 
private and public breeders maintain that the 
vast majority of developing countries’ germplasm 
is of limited commercial adaptability, and plays a 
minor role in routine plant breeding. Statistics 
indicate that, for a large number of commercially 
important crops, only a small percentage of 
breeding material and released varieties are from 
exotic germplasm (Cox et al., 1988; Goodman 
and Castillo-Gonzalez, 1991). 

The second factor is that when breeders 
require genetic traits unavailable from their 
conventional sources, the international gene 
banks have a vast, free supply of under-utilized 
germplasm. The Convention’s provisions 
granting property rights to genetic resources only 
apply to material collected after the treaty is 
ratified. For major crops, 75-90% of the 
landraces upon which modern high-yielding 
varieties are based have already been collected 
and stored in gene banks. Seed companies have 
little incentive to purchase newly collected 
germplasm unless they are seeking genetic traits 
currently unavailable in gene banks. Indeed, 
experts estimate that the current supply of 
germplasm in the CGIAR gene banks will be 
adequate for the seed industry’s needs over the 
next 20 to 50 years (Shands, 1994~; Siebeck, 
1994; Sperling, 1994). 

There are, of course, likely to be exceptions. 
For example, soybeans, which command about 
13% of public and private breeding effort 
(Huffman, 1994) are not as well represented as 
the other major crops in international seed 
banks. Only 60% of the known soybean 
landraces have been collected. While experts 
believe there is adequate genetic diversity for 
soybeans in existing gene banks, breeders may be 
more likely to require newly collected soybean 
germplasm when breeding improved varieties. 

The potential for developing countries to take 
advantage of MTAs may also be limited by the 
lack of technical expertise needed to market 
their germplasm. Breeders require documenta- 
tion of the valuable genetic traits and ease by 
which they can be transferred to commercial 
seed stock. The poor conditions of most public 
breeding programs in developing countries limit 
the developing countries’ ability to effectively 
market their resources. Even if a country has 
rare and useful germplasm, breeders may remain 
unaware of its value or existence (Shands, 
1994c). 

Thus, the recognition of sovereign rights over 
crop genetic resources, in and of itself, will not 
necessarily allow developing countries to reap 
large financial gains from those resources. Raw 
genetic resources are just another example of 
primary export commodities such as timber or 
coffee. Most of the value added to commercial 
seed variety comes from the laborious process of 
incorporating the new genetic material into elite 
crop varieties. 

(b) Technology transfer 

Bilateral and multilateral assistance for 
transfer of technology and expertise has also 
been recommended as a means of bolstering 
developing countries’ capacity to collect, 
evaluate, and breed crop germplasm (Keystone 
Center, 1988; Cohen, 1992; NRC, 1993). 
Developing such capacity could encourage 
breeders to make greater use of better-evaluated 
germplasm from developing countries. It could 
also enable suppliers of raw genetic resources to 
add value domestically and thus gain a greater 
share of the global benefits of their resources. 
This, it is argued, would create greater incentives 
for developing countries to preserve their genetic 
resources (Cohen, 1992; Reid, 1992). One 
example is the US Agency for International 
Development’s project, “Agricultural biotech- 
nology for sustainable productivity”, which 
promotes product development, small-scale field- 
testing and commercialization of biotechno- 
logical innovations in the United States and in 
developing countries (Cohen, 1992). A weakness 
of this approach is that the link to direct biodi- 
versity conservation measures can be tenuous. 
Cohen notes that the AID project does not have 
an explicit biodiversity component. 

(c) Expansion of IPRs 

Another policy option gaining momentum is 
adoption of stricter intellectual property rights 
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regimes. This is manifested in the extension of 
plant patent protection in developing countries 
(now codified in the TRIPS provisions of the 
GATT) and in new limitations on farmer and 
research exemptions to plant patent protection in 
the United States. Critics of stricter IPR regimes 
have argued that they would do little to increase 
innovation or maintenance of crop genetic diver- 
sity, or worse, actually contribute to the loss of 
crop genetic diversity (Mooney, 1979, 1983; 
Acharya, 1992; Brush, 1992; Reid, 1992; Brush, 
1994). This latter effect could arise from private 
sector incentives for specialization and product 
uniformity in the production of new seed varie- 
ties. Another contributing factor would be the 
displacement of landrace varieties. Proponents of 
stricter IPR regimes counter that they would 
encourage private sector research, relieve public 
budgetary constraints and increase national 
incentives for germplasm conservation (Barton 
and Siebeck, 1991). Private seed companies in 
developing countries have lobbied their govern- 
ments to grant IPR protection or exclusive 
marketing rights to seed varieties. They argue 
that inadequately funded national breeding 
programs could license varieties and receive 
royalty payments. Further, public program 
operating costs could be reduced if the public 
sector ceded the job of disseminating seed varie- 
ties to private companies. Private R&D would 
increase, and strengthen domestic breeding 
activities through greater competition between 
public and private breeders Thus IPR protection 
would encourage domestic industries that add 
value to the raw genetic resources and increase 
retuins to germplasm conservation. 

These opposing views raise three questions. 
What impact would stricter IPR protection have 
on germplasm use, exchange and ultimately, 
innovation? What are the implications of stricter 
IPRs and increased private R&D for the diver- 
sity of new varieties developed? To what extent 
does greater private sector R&D investment 
increase incentives for developing countries to 
invest more in adequate germplasm storage and 
characterization? 

In response to the first question, evidence 
from the United States suggests that while 
stricter IPRs established under the 1970 Plant 
Variety Protection Act (PVPA) stimulate 
increased private R&D, limitations on research 
exemptions have had more ambiguous impacts. 
The 1985 Ex park Hibberd decision by the US 
Supreme Court allowed plant breeders to 
acquire utility patents for new varieties. Utility 
patents do not contain farmer or research 
exemption clauses. Pray (1990) concluded that 

the farmer exemption to IPRs led most 
companies to drop out of wheat breeding and 
may have limited private R&D in soybean 
breeding. While limiting exemptions increases 
returns to an innovator, the research exemption 
allows for greater research spillovers, which 
encourages innovation by other firms. A survey 
of 84 private plant-breeding firms by Pray et al. 
(1993) highlights this tradeoff. Over a third of 
the firms felt that utility patents limited 
germplasm exchange both between private firms 
and between the public sector and private firms. 
Only six firms reported that they had increased 
their research expenditures because of the avail- 
ability of utility patent protection, although most 
reported that utility patents increased 
profitability. 

The effects of extending IPRs to developing 
countries may also be ambiguous. On purely 
theoretical grounds, Deardorff (1990, 1992) has 
argued that it may be socially desirable to limit 
the number of countries adopting patent protec- 
tion. His model captures the costs and benefits 
of expanding the number of countries that honor 
the patent of a monopolist in an innovating 
country. The benefit is that the monopolist has a 
greater incentive to supply more inventions as 
fewer countries copy it. There is a cost to consu- 
mers in countries adopting patent protection, 
because they must now pay monopoly prices for 
inventions. In Deardorffs model, the marginal 
benefits of geographically extending IPRs falls as 
the marginal costs rise. He argues that the 
socially optimal extent of IPR protection is likely 
to be an interior solution where not all countries 
adopt patent protection. This model, however, 
assumes that the invention would be sold in both 
the current (developed country) and potential 
future (developing country) market. This model 
may be less applicable to inventions designed 
primarily for developing country markets such as 
seed varieties adapted to tropical soils or 
climate. For this type of invention, IPRs in the 
developing country may be the only way to 
induce innovation. Deardorffs model also does 
not consider the possibility that developing 
countries are capable of innovating themselves 
and thus does not consider the impact of patents 
on domestic private R&D. 

Again, empirical evidence of the effects of 
extending IPRs to developing countries is mixed. 
In a recent international survey of wheat 
breeders, respondents reported that they 
believed that stricter international IPRs for plant 
varieties would: reduce germplasm exchange 
between developed and developing countries; 
reduce exchange between developing countries; 
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and reduce the use of foreign landraces (Smale 
and McBride, 1996). In Argentina and Chile, 
Pray (1990) concluded that establishment of 
plant breeders’ rights had little impact on private 
R&D, in part because of limited enforcement 
mechanisms, well-established court procedures, 
and willingness on the part of seed companies to 
take violators to court. This raises the point that 
establishing stricter IPRs in developing countries 
will entail significant enforcement costs and 
other transactions costs. Brush (1994) has argued 
that these costs are likely to be high in 
developing countries that lack a legal infra- 
structure for IPR systems, patent offices and 
courts and a domestic case history. Additional 
legal costs would be incurred as different nations 
attempted to make claims of exclusive rights over 
genetic resources that existed in more than one 
country. The question remains whether these 
transactions costs are simply start-up costs asso- 
ciated with establishing IPRs that will decline 
with time or whether they will be longer-lived 
problems. 

The second question was whether stricter IPRs 
would encourage or discourage genetic diversity. 
In the United States, increasingly strict IPR 
protections have been enacted over the last 30 
years. Yet, the evidence suggests that the diver- 
sity of major crops has not declined in the 
United States, while diversity may have actually 
increased for some crops (Duvick, 1984; 
Knudson, 1998; NRC, 1993; Pray and Knudson, 
1994; Smale and McBride, 1996; Falk-Zepeda 
and Traxler, 1997). 

The third question was whether IPR adoption 
by developing countries would increase incen- 
tives to conserve genetic resources. There is 
reason for skepticism here. Essentially, this 
would create institutions that already exist in 
developed countries. Though the IPR system has 
fostered increased private investment in 
breeding, it has not led to increased public and 
private funding for raw germplasm conservation. 
In fact, seed bank budgets have been cut in the 
United States and internationally. Thus, 
extending stricter IPRs to developing countries 
may encourage private research and commercial 
development of improved seed varieties, but not 
necessarily increase genetic resource conserva- 
tion efforts. 

(d) In situ and ex situ consewation 

The primary vehicle to implement the Conven- 
tion is public investment to promote in situ and 
ex situ conservation. Ex situ conservation involves 
the collection and storage of plant germplasm in 

seed banks, botanical gardens and greenhouses 
outside the natural habitat where they occur. In 
situ conservation is the preservation of species 
and populations of living organisms in a natural 
state in the habitat where they naturally occur. It 
can also mean maintenance of landrace varieties 
planted in farmers’ fields. 

Ex situ conservation allows plant breeders 
greater access to genetic resources and, because 
the habitats of wild crop species continue to 
decline at an alarming rate, ensures that the 
germplasm will be available to future generations 
if properly maintained (NRC, 1993). However, as 
discussed earlier, many germplasm collections 
are not properly maintained, many accessions 
require regeneration, coverage of many crops is 
incomplete and maintenance of some collections 
are threatened by lack of funding, staff and other 
resources (NRC, 1993; UN FAO, 1996, 1997a). 
Some immediate investment needs include seed 
regeneration, establishing a set of core collec- 
tions worldwide and increased research into in 
vitro storage of crops that cannot be stored by 
conventional methods. 

In situ conservation saves valuable genes that 
may be unrecognized today, maintains the evolu- 
tionary processes that generate new genetic 
traits, and provides opportunities to study the 
genetic diversity of the wild progenitors of 
modern crops (Altieri and Masera, 1993; NRC, 
1993). In addition, in situ preservation avoids the 
problem of the loss of genetic properties associ- 
ated with regenerating germplasm outside of its 
native habitat: a phenomenon called genetic 
drift. Establishing habitat reserves could protect 
wild progenitors of crop varieties. Turkey, for 
example, has recently received multilateral 
funding for an in situ project to conserve wild 
relatives of wheat and barley (UN FAO, 1997). 

Conservation of local landrace varieties and 
maintenance of local cultural practices of seed 
selection and maintenance would require a 
different strategy than protection of wild varie- 
ties. This has not always been recognized 
however. Early proposals for in situ conservation 
of landraces were based on the premise that 
traditional societies were autarkic, relying only 
on seed varieties and complementary cultural 
practices of particular isolated regions. Intro- 
duction of modern varieties would lead to the 
break down of in situ conservation practices, 
displacement of landraces and ultimately genetic 
erosion. These premises led to proposals to 
maintain traditional cultures in isolation, and 
prohibited the introduction of new cultivars 
(Iltis, 1974; Benz, 1988). This implies a fairly 
strict tradeoff between conservation and agricul- 
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tural development. Recent evidence, however, 
suggests that traditional societies maintaining 
local landraces are not completely isolated and 
make use of external sources of seed varieties 
(Louette and Smale, 1996). Moreover, although 
displacement of local varieties can take place, in 
many instances local landraces are maintained 
even after modern varieties are introduced 
(Ortega, 1973; Dennis, 1987; Brush et al., 1992). 

If landrace maintenance can be compatible 
with introduction of modern varieties, this raises 
a number of interesting issues. First, under what 
socioeconomic or environmental conditions do 
traditional and modern varieties coexist? Second, 
where peasants have private incentives to 
maintain local varieties, policy interventions for 
in situ conservation may be unnecessary. Third, 
in areas where displacement is more likely, one 
need not completely prohibit access to modern 
varieties. A less costly alternative would be to 
establish some type of conservation easement, by 
paying local farmers to grow a diverse set of 
varieties on a portion of their plots (Christensen, 
1987). Yet another approach could be to 
purchase limited amounts of landrace seed from 
producers in centers of diversity. These 
approaches need not require large acreage diver- 
sions or payments. 

While there is a consensus that in situ and e_x 
situ conservation strategies are complementary 
and more funds should be devoted to both activi- 
ties, there remains disagreement over how 
limited resources should be allocated between 
activities. Given the reality of budget constraints, 
PGR conservation is seen by advocates of e.~ situ 
and in situ conservation as a zero sum game. In 
particular, plant breeders are concerned that 
increased investment in in situ conservation will 
come at the expense of gene bank maintenance. 
Lack of data on the relative costs and benefits of 
in situ and ex situ conservation increase the diffi- 
culty of allocating funds across activities. 

7. FINANCING IMPLEMENTATION 

Though MTAs and the expansion of IPRs are 
self-supporting conservation policies, proposals 
to intensify in situ and ex situ conservation and to 
transfer technology and expertise will require 
additional public funds. Article 21 of the 
Convention establishes that: 

There shall be a mechanism for the provision of 
financial resources to developing country Parties for 
purposes of this Convention on a grant or conces- 
sional basis.... The Conference of the Parties shall 
determine the policy, strategy, programme priorities 

and eligibility criteria relating to the access to and 
utilization of such resources. 

In addition, Article 20 states that each 
Contracting Party should provide funding in 
accordance to its capabilities to support biodi- 
versity preservation, with the understanding that 
developed countries should contribute more. The 
Convention designates the Global Environmental 
Facility (GEF) of the World Bank, the UN 
Development Program and the UN Environment 
Program as the interim institutional mechanism 
to finance implementation of the Convention. 
The United States has been the single largest 
donor to the GEF, contributing about half of all 
funds thus far. This gives the United States 
substantial influence in furthering its interpreta- 
tion of the Convention and deciding future 
implementation strategies. 

The GEF was first established by the World 
Bank in 1991 to fund the incremental costs in 
developing countries of addressing four global 
environmental problems: biodiversity loss, global 
climate change, international waters, and strato- 
spheric ozone depletion. Biodiversity projects 
accounted for half of GEF funding during the 
1991-93 pilot phase of the program. Donor 
countries agreed to provide over $2 billion to the 
GEFs core fund during 1994-97. The share of 
funds allocated to biodiversity has fallen 
however, from 45% in 1995, to just 7% in 1996. 
The majority of biodiversity project funding is 
for habitat protection and reserves, not conserva- 
tion of PGRs of importance to agriculture per se. 

How much is $2 billion over 4 years relative to 
the funds needed to finance gene banks seed 
banks, in situ preservation and technology 
transfer? The Keystone International Dialogue 
(1991) recommended a fund of $300 million to 
support global and national efforts to conserve 
PGRs. The US NRC (1993) recommended that 
$240 would be needed annually for maintaining 
worldwide base collections in addition to evalu- 
ation and documentation programs. The UN 
FAO (1997) developed cost estimates to imple- 
ment its Global Plan of Action. The estimates 
divide conservation investment into four 
categories: in situ conservation, ex situ conserva- 
tion, utilization of PGRs and institutions and 
capacity building (see Table 1). The report 
includes low (A), medium (B) and high (C) 
funding options ranging from $150 million, to 
$248 million, to $455 million annually, averaged 
over 10 years. The FAO figures only include 
costs that would be borne by the international 
community and do not include domestic program 
funding. The costs of different options increase 
with the number of crops covered at a global 
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Table I. E,hmutes of annual costs to implement FAOs global plan of action (in US million averaged over 10 years) 

Activity Basic Moderate 
approach approach 

Comprehensive 
approach 

In situ conservation 20.5 34.9 68.0 
Dr situ conservation 38.7 h3.3 108.4 
Utilization of plant genetic resources for food and agriculture” 46.3 11.4 131.1 

Institutions and capacity 
Building 42.3 78.2 147.5 

Total 1so.o 247.7 455.1 

Source: UN UN FAO (lY97a); “includes charcterization, evaluation and expanding the number of core collections. 

level, and with the number of countries and insti- 
tutions covered. The FAO report considers 
option A “basic or rudimentary” while option B 
is “consistent with known and documented needs 
and realistic absorption and implementation 
capacity of countries” (UN FAO, 1997). It would 
require over 90% of the entire 1994-97 GEF 
budget to finance 4 years of option C, but would 
only require about 30% of the GEF budget to 
finance 4 years of option A. 

Thus far the GEF has not been used to fund 
ex sitln conservation projects, and this is not likely 
to change, at least in the near term. The Conven- 
tion itself stresses in situ conservation. Moreover, 
developing countries may favor in situ conserva- 
tion or capacity building projects within their 
borders over GEF funding of international 
collections. This may be particularly true as long 
as the status of germplasm held in cx Situ collec- 
tions is disputed. This leaves open the question 
of how the international gene banks will be 
funded. Donor funding of core programs of the 
CGIAR has declined significantly in real terms in 
recent years (Yudelman, 1994; Pardey et al., 

1996). This has led some researchers to look 
beyond multilateral donor systems to fund PGR 
conservation. Barton and Christensen (1988) 
have recommended a tax on seed sales to 
provide funds for PGR conservation. The current 
system of funding conservation through multi- 
lateral agencies relies on funds from income 
taxation, primarily in the large donor 
(developed) countries. Barton and Christensen 
suggest either a straight sales tax on seed 
revenues or the system of royalty calculation 
similar to that used by record companies. In the 
former system, tax proceeds would be distributed 
among international, national and private-sector 
conservation programs to fund in situ and ex situ 

preservation. Under a system of royalties, seed 
firms would pay a fee for use of genetic material. 
The proceeds would be distributed to genetic 
resource suppliers in proportion to the breeders’ 

use of each supplier’s genetic materials. Because 
resource suppliers would receive payments, they 
would have an incentive to preserve these 
resources. The benefit of both funding mechan- 
isms is that they would make the conservation of 
genetic resources less subject to political 
budgetary vicissitudes of periodic donations to 
multilateral organizations. 

Implementation of a royalty-based system 
raises the question of whether to grant property 
rights to materials collected in the future or also 
to include previously collected material. 
Granting property rights to previously collected 
material would be unpalatable to developed 
countries. If royalties could be collected only on 
newly obtained materials, plant breeders may 
simply concentrate on materials collected prior 
to the Convention coming into force. A royalty- 
based system may limit the exchange of valuable 
genetic resources. For example, a country could 
grant exclusive rights to a particular gene to a 
single firm, or discriminate against other nations 
(or their firms), perhaps for political reasons. 

Given these considerations, Barton and Chris- 
tensen recommend a global seed tax because it 
avoids the issue of retroactivity. They estimate, 
very roughly, that a 0.3% tax on world seed sales 
could raise revenues on the order of $100 million 
per year. The NRC also considered the possi- 
bility of a I% global seed tax to raise $300 
million annually. While not directly recom- 
mending a seed tax per se, the NRC did suggest 
that national contributions to an international 
fund “could be linked to the value of commercial 
seed sales” (NRC, 1993, p. 345). A 1996 Madras 
Consultation on Farmers Rights proposed a 2% 
levy on all seed sales (Swaminathan, 1996). 

Another proposal has been to tax agricultural 
commodities generally. World Food Prize 
Laureate and former Director General of IRRI, 
M.S. Swaminathan (1996) has argued, “Taxing 
seed sales alone, however, may imply that 
farmers are funding farmers’ rights. Therefore an 
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across the board levy on the sale of all agricul- 
tural commodities (crop, animal, fish and forest 
products) would be more appropriate”. There 
are two curiosities about this line of argument. 
First, it makes little qualitative difference 
whether one taxes a farmer’s input (seed) or an 
output (cro 

P 
s). The farmer will bear some cost 

of the tax.’ Second, the implied tax bases are 
widely different. For example, in the United 
States, commercial seed sales are about $5.5 
billion while the value of sales of crop, animal, 
fish and forest products is over $200 billion. A 
1% levy on global agricultural sales would raise 
billions of dollars annually. 

This proposal, however, raises several interest- 
ing issues. First, (to our knowledge) there has 
been virtually no formal analysis of the incidence 
of a global seed or agricultural commodity tax to 
finance PGR conservation. What would be the 
distributional implications (between regions and 
social classes within regions) of taxing seeds or 
all agricultural commodities (which amounts to a 
global food tax)? Second, to raise equal amounts 
of revenues, the tax rate for a general commodity 
tax on agricultural, forest and fish products 
would need to be only a small fraction of the tax 
rate for seeds. To raise revenues to fund even 
the highest cost option C of the Global Plan of 
Action would require a tax rate of less than 5% 
of l%, applied globally. Many agricultural 
producer groups in developed countries (such as 
Australia, New Zealand and the United States) 
fund commodity-specific research and market 
promotion through a voluntary check-off system 
that acts as a commodity tax. It might be possible 
to persuade producers to reallocate or increase 
check-off funds to support germplasm conserva- 
tion. While national producer groups may be 
persuaded to help support domestic gene banks 
and germplasm characterization, they will be less 
willing to allocate check-off funds to an inter- 
nationally administered fund. 

Proposals to fund germplasm through sales 
taxes and user fees have been opposed by private 
seed companies, however. Indeed, countries with 
seed industries did not approve a proposal at 
FAO to tax seed sales. In addition, there is 
substantial debate regarding the actual level of 
the costs or benefits that the existing system of 
free exchange imposes on or contributes to 
developing countries. Developing countries may 
enjoy net benefits from the current system of 
exchange through access to better crop varieties 
and the lower food prices that result from 
varietal improvements (Shands, 1994b; Wright, 
1996). Moreover, others pose the argument that 
even if the current system is inequitable, bilateral 

and multilateral assistance programs adequately 
compensate for any costs that have been borne 
by developing countries. Another obstacle to 
establishing a central conservation fund financed 
by seed taxes may be the benefit sharing provi- 
sions of the Convention itself. Developing 
countries, emboldened by Convention provisions 
that encourage genetic resource suppliers to 
obtain a greater share of the benefits from the 
use of their germplasm, may reject a common 
fund for (what they perceive to be) more lucra- 
tive direct payments for access to their genetic 
resources (Shands, 1994~). Thus, at least in the 
near term, it may be difficult to gain political 
support for a common germplasm conservation 
fund. 

8. CONCLUSIONS 

There is a general consensus that plant genetic 
resources (PGRs) are essential to maintaining 
and improving agricultural productivity and that 
more must be done to conserve them. The 
conservation and use of PGRs has taken on an 
increasingly prominent role in negotiations to 
implement the Convention on Biological Diver- 
sity. Implementation of the Convention will be 
carried out in the context of expanding intel- 
lectual property rights over biological inventions. 
Developing countries have all but conceded their 
previous claim to free access to commercial seed 
varieties. As indicated by the language of the 
GATT and the Convention, negotiators now 
generally accept that IPRs will be a component 
of the system of exchange. The language of the 
Convention also recognizes the need for broad- 
based programs of multilateral and bilateral 
financial assistance, technology transfer, educa- 
tion and training, and capacity building. The 
establishment of the Global Environmental 
Facility (GEF) represents the mechanism to 
implement such assistance. Ironically, the United 
States, the single largest donor to the GEF, has 
yet to ratify the Convention and is therefore a 
non-voting observer at implementation meetings. 

This paper considered four proposed mechan- 
isms conserve plant genetic resources. These 
were: (i) material transfer agreements; (ii) 
biotechnology transfer to developing countries; 
(iii) expansion of intellectual property protec- 
tion; and (iv) public investment in ex situ and in 
situ preservation. As currently constituted, these 
initiatives appear either too limited in scope, too 
weakly linked to conservation efforts, or inade- 
quately funded to achieve stated objectives of 
biodiversity conservation. 
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Future controversies remain over four broad 
issues. First, despite wider acceptance of some 
level of intellectual property protection for plant 
varieties, there remains disagreement over how 
strict IPRs should become in the future. In 
particular, there is increasing pressure to limit 
research and farmer exemptions to plant patents. 
The future of these exemptions remains uncer- 
tain, while more empirical work is needed on the 
effects of limiting the research exemption on 
innovation. Second, the Convention does not 
explicitly address how germplasm collections in 
international gene banks are to be managed. A 
related issue is how CGIAR institutions will 
interact with private industry. A third area of 
controversy is the international biosafety 
protocol regulating biotechnology testing and 
trade. Convention signatories have agreed to the 
development of a legally binding protocol by 
1998. Over the next 2 years, the Convention 
Secretariat is expected to spend nearly as much 

on biosafety negotiations as on all types of bio- 
diversity conservation work combined (Raustalia 
and Victor, 1997). Negotiations over the protocol 
have moved farther afield from the original 
emphasis on the potential impacts of the inter- 
national movement of genetically modified 
organisms on biodiversity to considerations of 
the trade, employment and other socioeconomic 
aspects of biotechnology. Finally, in developing 
more ambitious proposals, policy makers must 
still resolve some of the fundamental issues 
plaguing efforts to promote equity and genetic 
resource conservation namely: how much will it 
cost, what mechanisms will most effectively 
promote conservation, and who will pay for it? 
The FAOs Global Plan of Action (UN FAO, 
1996) along with its preliminary cost estimates 
{UN FAO, 1997) does begin to establish priori- 
ties and costs, at least in general terms. 
However, the questions of how PGR conserva- 
tion will be financed remains unanswered. 

NOTES 

1. Part of this research was completed while the 
authors were with the Economic Research Service of 
the US Department of Agriculture. The views 
expressed are authors’ and do not necessarily reflect 
those of USDA, the Wharton School or the University 
of Arizona. 

2. Germplasm may be defined as, “Seeds, plants or 
plant parts that are useful in crop breeding, research or 
conservation because of their genetic attributes. Plants, 
seed, or cultures that are maintained for the purposes 
of studying, managing, or using the genetic information 
they possess” (NRC, 1993). 

3. A landrace “is a population of plants, typically 
genetically heterogeneous, commonly developed in 
traditional agriculture from many years of farmer- 
directed selection, and which is specifically adapted to 
local conditions” (NRC, 1993). 

4. The original notion of “centers” of crop genetic 
diversity has been disputed (Harlan, 1971; Hawkes, 
1983). Certain crops were first domesticated simultane- 
ously in different areas. Secondary regions of diversity 
also developed as crop movement accompanied human 
migration. 

5. Until recently, there have been few legal restric- 
tions on the regeneration of commercially developed 
crop varieties for research or by farmers for personal 
use or resale. 

6. There have been exceptions to this general rule. 
Some countries have controlled access to germplasm of 
important domestic crops, while other germplasm 
exchanges have been limited by political embargoes 
(Kloppenburg, 1988). Goodman and Castillo-Gonzalez 

(1991) also note that “improved breeding lines have 
been less freely exchanged, even among public 
agencies”. 

7. CIMMYT is the Spanish acronym for Centro 
International de Mejoramiento de Maiz y Trigo (Inter- 
national Maize and Wheat Improvement Center) and 
IRRI is the acronym for the International Rice 
Research Institute. Both are part of the CGIAR. 

8. For a history of intellectual property rights 
development in the US seed industry, see Kloppen- 
burg, 1988; Knudson and Hansen, 1991; Godden, 1991 
and Huffman and Evenson, 1993. 

9. This basic result with respect to wheat yield varia- 
bility is also consistent with the findings of Anderson 
and Hazel1 (1989) and of Singh and Byerlee (1990). 

10. For example, based on simulations from a 
computable general equilibrium model of the world 
economy, Frisvold (1997) estimated that major grain 
exporting countries captured only 50 to 60% of the 
economic benefits from domestic increases in crop 
productivity, with the remaining benefits captured by 
other countries. 

11. See Barrett (1994) for more formal discussion of 
problems of multilateral funding of biodiversity 
conservation. 

12. Of course the share of the tax absorbed by 
farmers under each tax scheme will differ somewhat 
and depend on their reliance on purchased seed and 
what share of their output is marketable surplus. 
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