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I. Introduction
The science of agriculture has undergone a major change in the past few
decades, as have the biological and medical sciences more generally. The
private sector in North America and Europe has become the leader in the
application of modern methods of genetic transformation that have, in com-
bination with new information technologies (or bioinformatics), opened up
entirely new prospects for advances in the function, form, and performance
of plants, animals, and humans. The question remains, however, if developing
countries will be able to reap the benefits of such technological changes. In
agricultural biotechnology, the portion of the key technology protected as
intellectual property is highly concentrated in the hands of a small number
of large, multinational corporations based in North America and Western
Europe.1

Private research will not and cannot assume the burden of ensuring the
food supply of the world’s poor. Even in developed countries, the now-dominant
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private-sector research efforts are concentrated on a small number of traits in
crops with high commercial value. In the foreseeable future, the vast number
of other crops must rely on public and other nonprofit institutions as the principal
source of genetic innovations. But in agricultural biotechnology, the very in-
tellectual property rights (IPR) associated with the surge of private biotechnology
research now threaten to block public and nonprofit researchers’ access to new
developments. This problem plagues not only agriculture but the much larger
health sciences sector as well.2 Plant breeders in developed countries increasingly
find their access to essential innovative inputs uncertain, unduly expensive, or,
in some reported cases, blocked altogether.3

There is understandable concern in the international research and donor
communities that the problems with access to intellectual property constitute
a serious threat to the supply of food and fiber to the poor in the less-developed
or so-called Southern countries (hereafter “South”). Many of the world’s poor
rely for sustenance on crops, such as rice, beans, and cassava, that are high
in caloric output but largely beyond the focus of the private research sector.
Furthermore, the low income elasticities of these crops mean that future com-
mercial prospects are modest. The fact that there have been some well-pub-
licized donations of “intellectual property” by major multinational corpora-
tions to less developed countries (LDCs) for certain noncommercial crops has
not only highlighted the usefulness of these technologies but also reinforced
the impression of a general lack of access to modern technological oppor-
tunities for these crops.

Major donors have expressed the need for the Consultative Group on
International Agricultural Research (CGIAR) and other international and local
agricultural research organizations to negotiate with major corporations to
gain access to their toolboxes of enabling technologies for use in agricultural
research conducted in or for less-developed economies. In reality, the concerns
of LDCs and international organizations about current access to essential
intellectual property are exaggerated and largely misdirected. International
and national agricultural research centers have far greater freedom currently
to operate in agricultural research oriented toward food crops for the devel-
oping world than is commonly perceived. They are generally able to operate
in regions where most modern technologies are unprotected by IPR. Unli-
censed production in the South of a crop protected only in the North is both
legal and moral per se. This point is broached by J. H. Barton and J. Strauss
and is the main force of Rural Advancement Foundation International (RAFI).4

Intellectual property (IP) might well affect trade in such a crop, however.
If there is significant international trade in agricultural commodities or inter-
national transfer of the technologies used in their production, identification
of valid IP concerns becomes more complex. It is the neglected spatial aspects
of IP that are pivotal to the freedom to operate in agricultural research. The
authors focus on these spatial aspects.5
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II. Intellectual Property and Agricultural Biotechnologies
Intellectual properties can be protected by means of copyrights, trademarks,
utility patents, plant breeders’ rights, and trade secrets.6 Intellectual property
rights have a number of dimensions that are relevant here, including the
requirements for obtaining the rights, the scope of what is protected, the
geographical limits to the rights, and the duration of the rights. These di-
mensions vary according to the type of IP and the legal and administrative
system of each country.

Forms of Intellectual Property Protection Used in Plant Breeding
For plant breeders, patents and plant breeders’ rights are the most relevant
forms of IP protection. Patents are the most critical form of protection for
agricultural biotechnology and have the most effect on the freedom to operate.
The main alternative, plant breeders’ rights, imposes only narrow restrictions
on the freedom to operate in plant breeding.

The United States and Europe have led the way in allowing utility patents
for plants and, particularly, for transgenic plants. In 1985, the United States
Patent Office Board of Appeals ruled that sexually propagated seeds, plants,
and cultured tissue could be protected by utility patents. More recently, the
European Patent Office has held that transgenic methods and plants are not
per se unpatentable. Under the 1994 World Trade Organization (WTO) agree-
ment on Trade-Related Aspects of Intellectual Property Rights (TRIPS), pat-
ents are to be available for any invention in any signatory nation, whether
products or processes, in all fields of technologies.7 Among the few exclusions
are patents on plants and animals other than microorganisms. The details of
these exclusions are an important policy question.

Because TRIPS does not define the term “invention,” countries can de-
termine that biological matter, such as genes, are merely a “discovery” and
not an invention. Indeed, some countries are implementing legislation along
these lines.8 In addition, exceptions are allowed to protect ordre public; to
protect human, animal, and plant life; and to avoid serious harm to the en-
vironment. Article 27(3)(b) states that a member may exclude from patent-
ability “plants and animals other than micro-organisms, and essentially bio-
logical processes for the production of plants or animals other than
non-biological and microbiological processes”; protection of plant varieties
must be provided “either by patents or by an effective sui generis system or
by any combination thereof.” Many member countries of the WTO are still
in the process of implementing a protection system for plants.

Much has been written about what constitutes an effective sui generis
protection system and the latitude that countries have in determining the scope
and content of the rights to be granted.9 Such a discussion is beyond the scope
of this article. Suffice it to say that while plant protection systems are relatively
well established in developed countries, less-developed countries are currently
struggling with how to comply with this provision of TRIPS. Because many
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developing countries are unlikely to implement effective patent protection for
plants, there will likely be a great deal of variability in the rights accorded
in each country.

The acceptable sui generis alternatives have not been defined but are
generally agreed to include forms of plant breeders’ rights (PBRs) or plant
variety protection. These are traditional forms of IP protection for plants,
which have been codified in most developed countries and increasingly in
LDCs. While there are differences among countries in the implementation of
PBRs, national laws grant protection generally to varieties that are novel,
distinct, uniform, and stable. Thus, the variety must be clearly distinguishable
from previous varieties, must be uniform and breed true to type, and must
not have been sold previously.

The holders of a plant breeders’ right have a legal monopoly over the
commercialization of their varieties for a prescribed length of time, allowing
for the recovery of the cost of breeding commercially valuable new plant
varieties. In general, the holder controls the sale, reproduction, import, and
export of new varieties of plants. Exceptions may be made, however, for both
research and the use of seed saved by a farmer for replanting. Moreover, in
some countries, if a protected variety is used as the basis for genetic engi-
neering, the engineered variety may not be used without permission (e.g.,
through licensing) of the holder of the plant breeders’ right.10

Breeding a new variety is not affected unless the progeny is “essentially
derived” from a parent protected by PBRs. The term “essentially derived” has
yet to be defined precisely by judicial decisions. Thus, if they choose, TRIPS
signatories may give their plant breeders freedom to operate in their choice
of parent varieties for crossbreeding by opting for PBRs as a sui generis
alternative to patents. It is clear that PBRs allow initially unrestricted cross-
breeding of protected varieties to produce new varieties unencumbered by
PBRs protecting the parents.

Contractual and Technological Tools Used to Protect
Proprietary Material
In addition to the legal protection afforded by patents, plant breeders’ rights,
trademarks, and so on, contractual provisions may be used to extend or es-
tablish IP rights, such as providing reagents under a restrictive technology
transfer agreement. Such contracts include material transfer agreements be-
tween technology developers and third parties, which limit the transfer and
use of materials, such as vectors, genes, and plants, developed by the trans-
ferrer; bag-label contracts between the manufacturer and the buyer of, for
example, seed, which limit further uses of purchased material that otherwise
would be allowable; technology use agreements between technology suppliers
and farmers, which typically control the right to plant a given seed on a
specific area of land for a certain period of time; and licenses between patent
or property holder and licensee, which are negotiated grants of some or all
of the holder’s rights, such as allowing the use and sale of the technology.
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The availability of these alternatives and their practical utility depends on the
nature and enforceability of national IP and contract law.

Infringement and the Freedom to Operate
Infringement and remedies.—When any element of the plant breeders’ re-
search takes place in a country where relevant patents are enforced or when
the research produced might be made, used, sold, offered for sale, or imported
into such a country, it is important for plant breeders to pay close attention
to freedom to operate in order to avoid infringement. Infringement of a patent
involves the unauthorized making, using, selling, or offering to sell the pat-
ented invention within the territory that granted the patent or the importing
of the patented invention into that same country during the term of the patent.11

The patent right is exclusionary, and the patentee must know of the alleged
infringement if she is to defend her right. Her first action on identification of
an alleged infringer is typically to inform him of her patent rights and either
offer to negotiate a license or ask that the infringement cease. In formulating
a response, the alleged infringer must evaluate the credibility of threats of
legal action and of the sustainability of patent claims in such an action. If
unsatisfied by the response, the patentee can sue for relief in the appropriate
court. The patentee may ask the court for an injunction to prevent the con-
tinuation of the infringement and may also ask the court for an award of
damages.

In an infringement suit, the defendant may raise the question of the
validity of the patent, which is then decided by the court. The defendant may
also argue that what is being done does not constitute infringement. Infringe-
ment is determined primarily by the language of the claims of the patent.12

Owners of technology may litigate against alleged infringers, forcing the latter
to incur the costs of assessed damages, and, in at least some European countries
such as the United Kingdom, the patentee’s legal defense if found to be
infringing. Elsewhere, even a victorious litigant usually has to pay his or her
legal costs. In the United States, where each party pays its own costs (barring
exceptional circumstances), a minimum estimate for litigation is $500,000,
and cases often cost each party several million dollars net of any damages
awarded.13 Thus, prospective inventors must beware of IP claims on which
their research inputs, processes, or research outputs might infringe or be al-
leged to infringe. Prospective technology users may have to weigh the risk
of litigation against the costs or difficulties of obtaining licenses.

As patenting becomes even more prevalent in biotechnology, the diversity
of innovations utilized in developing modern cultivars (cultivated varieties)
means that the number of separate rights needed to produce a new innovation
proliferates. Where ownership of relevant rights is sufficiently diffuse, the
multilateral bargaining problem can become impossible to resolve. This is the
“tragedy of the anticommons” noted by M. A. Heller and R. S. Eisenberg.14

The tragedy of the anticommons can be compounded seriously by un-
certainty. Those who develop new technology by building on existing tech-
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nologies often know neither the extent to which the latter have been claimed
as IP nor the strength of any claims. Both the conduct of research and de-
velopment (R&D) and subsequent commercialization entail navigating a po-
tential minefield of patent applications that have been filed but remain invisible
pending publication by the patent office.15 Public breeders in the United States
received a nasty surprise when a patent issued to Monsanto for the CaMV
35S promoter surfaced after they had used it in the breeding of crop cultivars
on the brink of commercialization. More generally, individual inventors in
the United States, such as Jerome Lemelson, became notorious for continuing
prosecution of patent applications for long periods of time, while others be-
came locked into their technology, and then extracting large rents from in-
fringements after the patent was issued.

The uncertainty emanating from submarine patents is becoming less im-
portant as the United States has harmonized with the rest of the world by
awarding a patent term of 20 years from the date of filing (previously 17
years from the date the patent was awarded) as well as beginning, in November
2000, to publish patent applications within 18 months of filing. Publication
may be excepted by petition, but only if the application is not the basis for
an application filed in another country that does publish applications.16 But
even when claims have been published, the breadth of claims of some patents,
the existence of multiple patents with applicable claims, and the slow pace
of legal resolution of validity combine to make timely identification of valid
and invalid claims difficult, or at least legally hazardous, especially in the
United States.

IP strategies in light of the freedom to operate.—Freedom to operate is
fundamental to the effective development and commercialization of any in-
novation and is particularly crucial in agricultural biotechnology in light of
recent developments. Research licenses are often easy to obtain, but if a
research program or commercialization proceeds before obtaining freedom to
operate in enabling technologies, future negotiations may be placed in serious
jeopardy. The negotiating position of the innovator typically deteriorates as
innovation progresses.

In many situations, companies or public institutions controlling IP rights
have adopted a policy of not granting a commercialization license and, instead,
retain the sole right to the use of the technology for commercial development
or license it exclusively to an entity that will not grant others a license.
Frequently, IP owners seek unreasonable or unacceptable terms for commercial
licenses. Such companies have the power to block applications of the tech-
nology by their competitors or their acquisition targets. For instance, the Centre
for Legumes in Mediterranean Agriculture (CLIMA) in Australia developed
a transgenic lupin cultivar with tolerance to the herbicide Basta� but have
been unable to reach agreement with the developers of Basta�, AgrEvo (now
Aventis), to release the plant commercially.17 Likewise, researchers at Mich-
igan State University developed a new turf grass containing a proprietary gene
from one company and a promoter from another. Neither company would
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give permission for its material to be used in conjunction with that from
another company, so the turf grass germplasm has been destroyed.18

The Freedom to Operate in Agricultural R&D for Developing Countries
It is vitally important to keep in mind that there is no such thing as an
“international intellectual property right.”19 A patent or other IP right awarded
in one country, for example, in the United States, does not confer property
rights in the rest of the world. Patents and other IP rights are awarded by
national governments, and the protection conferred extends only as far as the
geographic boundaries of the country in which the right is awarded. Thus, to
obtain protection in several countries, rights must be applied for and awarded
in each.

There is widespread misunderstanding regarding IPR and freedom to
operate in developing countries. A survey of the use of proprietary biotech
research inputs at selected CGIAR centers showed considerable confusion on
the part of researchers regarding the existence of relevant IPR and the freedom
to operate.20 The report itself does not distinguish local validity of IPR from
the existence of IPR in some jurisdiction. As emphasized above, patents are
valid only in countries in which they are issued.

Many current key technologies for plant breeding appear to be unpro-
tected in developing countries. For example, in the case of plant transformation
technology, particle bombardment technology appears to be controlled pri-
marily by Monsanto/Agracetus and Du Pont, with a complex web of cross-
licensed partners. The key Agrobacterium technology for plant transformation
is held more diversely and in different implementations by numerous patents
applied for and patents awarded in different jurisdictions (United States, Eu-
rope, Australia, Canada, and Japan) to Monsanto, the Max Planck Institute,
AstraZeneca/Mogen, Novartis, Japan Tobacco, and many others.21 The most
widely used selectable markers for cereal transformation are controlled by
Aventis/AgrEvo (phosphinothricin, Basta�), Monsanto (a particular imple-
mentation of the kanamycin resistance gene or G418 under control of CaMV
35S or 19S promoters), or Novartis (hygromycin resistance), which is patented
or pending in Australia, Canada, Europe, the United States, Hungary, Ireland,
Russia, Japan, Israel, Greece, and Denmark. Patents for Monsanto’s CaMV
35S, possibly the most widely used promoter, have been granted only in the
United States and Europe, and the only pending application is in Japan. Patents
in the United States claiming portions of the CaMV 35S promoter are held
by Rockefeller University. Thus, there are no IP restrictions on the use of
these commonly employed genes in LDCs.

The freedom to operate in R&D depends on choices (especially those
concerning litigation, threats of litigation, and the grant or sale of use rights)
made by owners of relevant proprietary technologies. In addition to IP laws,
the incentives that shape these choices are affected by an array of factors,
some of which are biosafety regulations, public relations, implementation of
laws, and market characteristics. Biosafety regulations are closely related to
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IP in biotechnology. In particular, in some countries, official approval is re-
quired for the use, sale, and importation of transgenic crop or animal varieties.
Just like IP or any other laws, biosafety regulations, and their degree of
enforcement, are primarily national in nature but still affected by international
treaties.22

The willingness of owners of agricultural technology to cede use rights,
or the minimum price at which they are willing to sell the rights to others,
is affected by the location and structure of crop production and, particularly,
the pattern of trade. There are two sets of circumstances, often overlapping,
under which the freedom to operate in agricultural research may not be under
serious threat.

First, owners of proprietary technologies may be willing to allow their
use gratis when targeted at commercially unattractive markets, such as sub-
sistence use by poor producers in developing countries. For example, mul-
tinationals have given significant publicity to donations of technologies to
nonprofit agricultural research agencies working on behalf of poor farmers
and consumers in the developing world. Occasionally, more complex market
segmentation deals are announced, in which commercially viable uses of the
technology are separated from uses that are of humanitarian rather than com-
mercial value.

If the stakes are high enough, multinationals have been willing to incur
a good deal of opprobrium in enforcing their IPR against farmers in Canada
and the United States. Moreover, owners of IPR include specialized smaller
companies, with no reputation or goodwill to protect, whose need for cash
motivates them to protect their IPR wherever infringement occurs. The Enola
bean and Texmati rice United States patent controversies show that Northern
firms are willing to claim rights in the face of opposition from the South when
the stakes are sufficiently high.23

One highly publicized example of the complexity of IP arrangements is
the GoldenRice� Vitamin A Rice Project. GoldenRice� contains enhanced
levels of provitamin A in the endosperm of the seed (which remains after the
rice is polished), which offers potential health benefits to millions of poor
farmers and consumers in developing countries. According to R. D. Kryder,
S. P. Kowalski, and A. F. Krattiger, there are 70 patents associated with this
technology, including both process patents (relevant to creation of the tech-
nology) and product patents (embodied in the rice itself).24 This case has been
quoted as posing a nightmare with respect to freedom to operate. AstraZeneca
acquired the commercial rights to GoldenRice� from Greenovations, a small
German company acting as an intermediary for the inventors. In return,
AstraZeneca licensed the inventors to enable the distribution of the rice on a
royalty-free basis to farmers who earn less than $10,000 per year and live in
developing countries, leaving the company free to explore commercial pros-
pects for the technology.25 In addition, Monsanto announced its intent to
provide royalty-free licenses for all its technologies that support further de-
velopment of GoldenRice�, and other IP holders have followed suit.26 Their
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TABLE 1

Vitamin A Rice Patent in Rice-Producing and Rice-Importing Countries

Top 15
Rice-Producing
Countries

Number
of

Patents

Top 15
Rice-Importing

Countries

Number
of

Patents

China 11 Iran 0
India 5 Brazil 10
Indonesia 6 Nigeria 0
Bangladesh 0 Philippines 1
Vietnam 9 Iraq 0
Thailand 0 Saudi Arabia 0
Myanmar 0 Malaysia 0
Japan 21 South Africa 5
Philippines 1 Japan 21
Brazil 10 Ivory Coast 10
United States 44 Senegal 10
South Korea 10 United Kingdom 35
Pakistan 0 France 37
Egypt 0 Indonesia 6
Nepal 0 United States 44

Source.—R. D. Kryder, S. P. Kowalski, and A. F. Krattiger, “The Intellectual
and Technical Property Components of Pro-Vitamin A Rice (GoldenRice�): A Pre-
liminary Freedom-to-Operate Review,” ISAAA Briefs no. 20 (International Service
for the Acquisition of Agri-Biotech Applications, Ithaca, N.Y., 2000), table 4.

donations have engendered widespread positive publicity for the corporate
donors.

Second, irrespective of whether the crop is grown on a subsistence or
commercial basis and whether the technology is subject to IP protection else-
where, anyone is free to use technologies and know-how in crops that are
developed, produced, and consumed in countries where the technology is not
subject to local IP protection. This fact makes it difficult to know exactly
what is being “donated” in prominent cases. For example, what did poor rice
consumers gain from the GoldenRice� donations? Table 1 shows the top 15
rice importer countries and the number of Vitamin A rice technology patents
valid in each. It is clear that for most of the developing countries on the list
few or no patents associated with Vitamin A rice are valid in each. Crops
traded only among countries in which the technologies are not subject to IP
are not liable to claims based on the use of these technologies. For example,
importation of Vitamin A rice into Iran from Bangladesh infringes no patents.
Furthermore, these numbers in the table are overestimates. Some of the patents
may not cover the application to Vitamin A rice, and others may be later
invalidated. Nonetheless, there is a real danger that donations such as those
associated with Vitamin A rice technology will encourage LDCs and inter-
national crop breeders to assume as a matter of policy that claims will not
be asserted against their activities and outputs when the stakes are higher, as
maintained by RAFI (2000).27

Our evidence indicates that developing-world crop breeders have freedom
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to operate with respect to crops produced in developing countries unencum-
bered by local IP protection of relevant inputs, processes, or products. But
IP problems might affect research decisions regarding technologies destined
for crops grown in developing countries unencumbered by IP restrictions if
those crops are subsequently exported in a form in which infringement is
detectable to countries in which IP is likely to prevail. Importers of Bang-
ladeshi Vitamin A rice into Japan might be subject to successful prosecution
for infringement of claims to any embodied material covered by Japanese
patent claims. This could be so even if technologies are unencumbered by IP
in Bangladesh. Note that in such cases it is the importer, not the breeder, who
might be infringing on IP, but responsible breeders will take note of such
problems in their innovation decisions.

The determination of freedom to operate in crop breeding requires tech-
nical knowledge, a broad business overview, a detailed understanding of all
relevant patent claims in all relevant countries, an understanding of markets
and national jurisdictions, and a knowledge of litigation and negotiation pro-
cedures in relevant jurisdictions. A comprehensive assessment of all these
aspects is well beyond the scope of this article. In the next section, we confine
our attention to global production and trade patterns as a basis for assessing
the impact of developed-country IPR on producers in developing countries
with no relevant IPR who use new technologies and follow recent trade
patterns.

III. Production and Trade Patterns and the Freedom to Operate
Understanding the production and trade status of crops relevant to developing
countries is important in ascertaining the implications of IPR and also helpful
to those endeavoring to structure assignments of use rights by the private
sector to public and nonprofit plant breeders, with a focus on agriculture in
less-developed economies. To make the analysis concrete, we focus on crops
covered by the international agricultural research centers that are members of
the CGIAR. These include many of the crops most important to research
agencies operating in less-developed economies, with tropical beverages being
major exceptions.

Data Sources and Treatment
From the on-line FAOSTAT database of the Food and Agriculture Organi-
zation of the United Nations, harvested crop production data are reported on
a calendar-year basis. Export values and quantity totals are from FAOSTAT’s
“Agriculture and Food Trade” domain and are classified according to the
international Standard International Trade Classification (SITC, revision 2)
standard. Import and export totals, from FAO’s “Commodity Balances” do-
main, represent the total amount of each commodity traded (irrespective of
its source or destination) in its primary-equivalent form.28

To quantify bilateral trade flows among developing and developed coun-
tries for the CGIAR crops, we used the Commodity Trade Statistics Data Base



Eran Binenbaum et al. 319

(COMTRADE) compiled by the United Nations Statistics Division. The
United Nations Statistics Division converts value-of-trade data to current U.S.
dollars using exchange rates supplied by each reporting country or using a
weighted-average exchange rate derived from monthly market rates. Wherever
possible, trade volumes and quantities (if reported) are expressed in metric
units.

We used annual SITC (revision 3) data for the period 1992–98. Presuming
that trade statistics reported by developed countries are generally more reliable
than those from developing countries, we estimated annual bilateral trade flows
using annual trade flows among 29 developed countries treated as reporters
and 168 developing countries and areas treated as partners.29 Thus “exports
from developing countries” was our estimate of the imports reported by the
developed countries from developing countries. Exports are valued in “fob”
(free-on-board) prices, imports mainly in “cif” (cost, insurance, and freight)
prices, and thus the reported total value of imports is generally larger than
the corresponding value of exports.30

Agricultural commodities are traded in raw or primary and various pro-
cessed forms. For example, wheat is traded as grain, flour, pasta, bran, starch,
and so on; soybeans are traded as grain, crude and refined oil, oil cake, and
soy sauce. We compiled the COMTRADE data at the most disaggregated level
available to us in the SITC 3 series, namely, the five-digit level. Most of the
CGIAR crops are specifically represented at this level of disaggregation; the
omissions are yams, sweet potatoes, cowpeas, pigeon peas, and plantains.31

We recorded all identifiable forms of each CGIAR crop. These were summed
to form the respective commodity trade totals. In total, 53 product categories
were aggregated into 15 commodity totals. It is possible that some fraction
of these commodities was traded in some form not specified in the SITC
(revision 3) series, but the degree of underreporting for this reason is probably
small.

International Production and Trade Totals
Using the Food and Agriculture Organization (FAO) series, table 2 summarizes
the 1997 production and international trade performance of the 20 crops cur-
rently researched by the CGIAR, arranged into three country groupings—the
developing countries, transition economies, and the world. Table 2, columns 1,
3, and 6, reports the 1997 quantity of exports from developing countries, tran-
sitional economies, and the world, respectively; columns 2, 4, and 7 give the
quantities produced for these same regional groupings. Crops were grouped
according to CGIAR “areas of research” and within each group, reported in
descending order according to the quantity of production in developing countries
(col. 2). At least 95% of the world’s production of rice, cassava, sweet potatoes,
yams, bananas, plantains, chickpeas, pigeon peas, cowpeas, groundnuts, and
coconuts takes place in poor countries, as does 94% of the millet production
and over two-thirds of the sorghum output (col. 2/7). Poor countries produce
a smaller but still significant share (46%) of global soybean production. Pro-



320

TABLE 2

Production and Trace Indicators, 1997

Commodity

Developing Countries* Transition Economies* World*

Exports Production Exports Production Exports

Quantity
(1,000 mt)

(1)

Share
Exp/Wexp

(%)
(1/6)

Quantity
(1,000 mt)

(2)

Share
Pdn/WPdn

(%)
(2/7)

Share
Exp/Pdn

(%)
(1/2)

Quantity
(1,000 mt)

(3)

Share
Exp/Wexp

(%)
(3/6)

Quantity
(1,000 mt)

(4)

Share
Pdn/WPdn

(%)
(5/7)

Share
Exp/Pdn

(%)
(3/4)

Value
(in US$
Millions)

(5)

Quantity
(1,000 mt)

(6)

Production
(1,000 mt)

(7)

Share
Exp/Pdn

(%)
(6/7)

Cereals

Rice 22,630 76.2 613,623 95.2 3.7 128 .4 1,203 .2 10.6 7,660 29,693 644,818 4.6
Wheat 15,268 12.1 285,793 46.8 5.3 7,374 5.8 16,427 19.1 6.3 20,641 126,093 610,546 20.7
Maize 22,639 22.4 263,992 40.6 8.6 1,884 1.9 45,215 7.0 4.2 14,069 101,016 650,113 15.5
Sorghum 809 12.7 43,619 69.4 1.9 2 .0 67 .1 3.2 769 6,373 62,822 10.1
Millet 108 46.9 26,344 93.5 .4 21 9.1 1,616 5.7 1.3 55 230 28,187 .8
Barley 1,800 7.0 24,854 16.0 7.2 2,342 9.1 47,951 30.9 4.9 3,788 25,752 154,984 16.6

Roots, Tubers, Banana, and Plantain

Cassava 1,220 94.2 64,909 100.0 6.8 0 .0 0 … … 2,801 11,905 164,909 7.2
Sweet potato 55 67.7 128,363 98.5 .0 2 2.0 0 … … 34 82 130,257 .1
Potato 970 7.2 111,747 38.6 .9 357 2.6 8,273 34.0 .4 2,553 13,494 289,345 4.7
Banana 2,137 90.1 57,616 98.4 21.1 72 .5 0 … … 4,707 13,464 58,562 23.0
Yam 23 99.8 30,037 98.9 .1 0 … 0 … … 18 23 30,376 .1
Plantain 143 90.9 29,629 100.0 .5 0 .0 0 … … 58 157 29,629 .5
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Food Legumes

Soybeans 60,626 51.5 171,570 46.4 35.3 422 .4 1,840 .5 23.0 33,522 117,802 69,961 31.8
Beans 1,848 74.5 14,559 86.0 12.7 7 .3 562 3.3 1.2 1,323 2,482 16,932 14.7
Chickpeas† 378 48.8 8,104 96.6 4.7 0 … 5 .1 … 301 775 8,389 9.2
Pigeon peas† 7 100.0 2,866 100.0 .2 0 … 0 … … 3 7 2,866 .2
cowpeas† 20 86.5 2,383 98.0 .8 0 … 37 1.5 … 5 23 2,433 1.0
Lentils† 322 46.5 2,179 79.5 14.8 0 … 9 .3 … 329 693 2,742 25.3

Oil Crops

Coconut 30,005 90.6 99,708 98.4 30.1 11 .0 0 … … 8,629 33,131 101,333 32.7
Groundnuts 3,450 75.7 60,461 94.9 5.7 37 .8 150 .2 24.7 3,650 4,560 63,702 7.2

Source.—Compiled from Food and Agriculture Organization’s (FAO) FAOSTAT database (2000) “Commodity Balances” for cols. 1–4, 6, and 7, available at http://apps.fao.org/. To
estimate col. 5, we formed a price (i.e., unit value) by dividing the total value of exports by the corresponding total quantity for each commodity in its primary form, reported in FAOSTAT’s
“Agriculture and Food Trade” domain. We used this price to weight the total traded quantities reported in the Commodity Balances data obtained from Food and Agriculture Organization.

Note.—“Exp” denotes exports, “Wexp” denotes world exports, “Pdn” denotes production, and “Wpdn” denotes world production. All products are in crop-primary-equivalent form. In
the production totals we also estimated and included production of oils and cakes that were converted in primary-equivalent form using average world conversion factors taken from United
Nations Food and Agriculture Organization, “Technical Conversion Factors (Tcf) for Agricultural Commodities,” available at http://www.fao.org/WAICENT/FAOINFO/ECONOMIC/ESS/
tcf.htm. Within each crop class, crops are arranged in descending order of 1997 developing-world production (col. 2).

* Includes 124 developing and 27 transitional countries, and 178 countries in the world total.
† For these crops, production data were taken from the “Agricultural Production” domain of FAOSTAT (2000).
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duction of cereals other than rice is more geographically dispersed. Less than
50% of the world’s production of wheat, maize, and barley is grown in the
developing world, with the transition economies being significant producers of
barley and wheat.

For many of the crops in table 2, total exports from developing countries
(whether they are exported to developed or other developing countries) rep-
resent a minor share of total developing-country production (col. 1/2). The
major exceptions are soybeans, coconuts, and bananas. About one-third of
the developing world’s soybean production is exported, as well as one-fifth
of its banana production (overwhelmingly dessert bananas); neither crop, how-
ever, is a consumer staple in the main exporting countries. Coconuts come
mainly from the Philippines and are mostly exported in semiprocessed form.

South-North Trade Flows
Table 3 summarizes the annual average trade flows between developing coun-
tries and the developed world for 15 commodities for the period 1994–98,
using the COMTRADE data. The table shows that developed countries are
net exporters of wheat, maize, potatoes, sorghum, and lentils to the developing
world and net importers of all other crops in the table.

Developing countries as a group both import and export virtually all the
crops. In part, this reflects seasonal differences in production and the differ-
ences in the quality and form of the crops being traded. By total value, wheat
is the major developed-country export crop with a developing-country des-
tination—averaging more than $10.7 billion (current prices) per year (col.
1)—followed by soybeans ($4.5 billion), maize ($4.3 billion), barley ($1.1
billion), and rice ($982 million). But as a developing-country export crop to
the developed world, wheat ranks a distant sixth (col. 3). The top-ranking
exports from LDCs to the developed world by value are soybeans, bananas,
rice, and coconuts; each crop averages more than $1 billion per year, with
soybean and banana exports averaging more than $4.5 billion per year.

The middle panel of table 3 (cols. 3 and 4) shows that wheat, soybeans,
and maize combined account for more than 85% of all developed-country
exports to the developing world among the 15 crops listed here, while soybeans
and (dessert) bananas account for about 60% by value of the developed-
country crop imports from the developing world.

The bottom panel in table 3 gives the developed-country share of total
imports and exports, respectively, that come from and go to developing coun-
tries. Comparatively large shares—more than 40%—of the developed world’s
wheat, sorghum, maize, rice, barley, beans, and soybeans exports go to the
developing world. The preponderance of the developed world’s banana, co-
conut, cassava, and chickpea imports come from developing countries. No-
tably, wheat and maize originating from developing countries are less than
6% and 7% of the total developed-world imports of wheat and maize, re-
spectively. On the other hand, Southern rice comprises 48% of total Northern
rice imports.
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Fig. 1.—Developed-country trade with less developed countries, 1994–98 annual
average. Source: Compiled from United Nations Statistical Division, Commodity Trade
Statistics Data Base (1999).

The trade flows between the developed and developing worlds are sum-
marized graphically in figure 1, with commodities sorted in descending order,
from left to right, according to the total value of developed-country imports
from the developing world (table 3, col. 3). The trade balance for developing
countries for these 15 CGIAR commodities is negative overall (table 3, col.
5), mainly because of substantial developed-country wheat and maize exports
to the developing world. The only really sizable exports from LDCs to de-
veloped countries are soybeans and bananas, followed well behind by rice,
coconuts, and groundnuts.

Not only are developing-country exports of staple foods to the developed
world concentrated in a few commodities, but the preponderance of exports
originates from comparatively few countries. Just nine less-developed coun-
tries shipped 76% of the 15-crop total exports to the developed world (table
4). Soybeans, the number one LDC export crop by value to the developed
world (nearly 34% of the 15-crop total), came mainly from Brazil and Ar-
gentina, where they are not staple foods but, rather, cash crops for export. A
sizable share of developing-country rice exports to the developed world was
from Thailand (59% of total LDC rice exports to the developed countries),
bananas came mainly from Costa Rica and Ecuador (each about 20% of total
LDC-to-developed-country banana exports), and coconut exports were prin-
cipally from the Philippines. Generally, more than 50% of total LDC exports
to the developed world for each crop originated from just one or two countries,
and for each—Brazil, Costa Rica, Ecuador, Colombia, and Panama—over
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TABLE 3

Developed-Country Trade, 1994–98 Annual Average

Exports Imports Balance of Trade

To LDCs
(1)

Total
(2)

From LDCs
(3)

Total
(4)

With LDCs
(5)

Total
(6)

Annual Trade Flows (1,000 US$)

Soybean 4,466,762 10,440,702 5,145,713 11,118,853 (678,951) (678,151)
Bananas 3,555 888,659 4,651,434 5,379,999 (4,647,879) (4,491,339)
Rice 982,054 2,305,332 1,242,062 2,596,468 (260,008) (291,136)
Coconut 28,675 197,949 1,177,257 1,331,826 (1,148,582) (1,133,877)
Groundnut 63,764 491,664 669,741 1,095,247 (605,976) (603,583)
Wheat 10,676,906 21,261,677 600,116 11,400,189 10,076,789 9,861,488
Cassava 893 45,440 507,791 562,058 (506,898) (516,618)
Maize 4,293,828 9,192,626 434,742 5,823,624 3,859,086 3,369,001
Beans 199,408 472,547 326,179 664,494 (126,772) (191,947)
Potato 601,064 4,154,037 236,214 3,732,855 364,850 421,182
Chickpeas 60,390 76,105 92,021 106,974 (31,631) (30,870)
Sorghum 355,282 745,732 82,319 530,640 272,963 215,093
Lentils 83,322 162,396 21,826 95,439 61,496 66,956
Millet 3,216 32,231 16,590 51,609 (13,373) (19,378)
Barley 1,103,922 2,433,878 4,618 1,443,621 1,099,303 990,257

Total 22,923,040 52,900,975 15,208,623 45,933,896 7,714,417 6,967,078

Share of Commodity Total

Soybean 19.49 19.74 33.83 24.21
Bananas .02 1.68 30.58 11.71
Rice 4.28 4.36 8.17 5.65
Coconut .13 .37 7.74 2.90
Groundnut .28 .93 4.40 2.38
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Wheat 46.58 40.19 3.95 24.82
Cassava .00 .09 3.34 1.22
Maize 18.73 17.38 2.86 12.68
Beans .87 .89 2.14 1.45
Potato 2.62 7.85 1.55 8.13
Chickpeas .26 .14 .61 .23
Sorghum 1.55 1.41 .54 1.16
Lentils .36 .31 .14 .21
Millet .01 .06 .11 .11
Barley 4.82 4.6 .03 3.14

Total 100 100 100 100

Share of Respective Import and Export Total

Soybean 42.78 100 46.28 100
Bananas .40 100 86.46 100
Rice 42.6 100 47.84 100
Coconut 14.49 100 88.39 100
Groundnut 12.97 100 61.15 100
Wheat 50.22 100 5.26 100
Cassava 1.97 100 90.34 100
Maize 46.71 100 7.47 100
Beans 42.2 100 49.09 100
Potato 14.47 100 6.33 100
Chickpeas 79.35 100 86.02 100
Sorghum 47.64 100 15.51 100
Lentils 51.31 100 22.87 100
Millet 9.98 100 32.15 100
Barley 45.36 100 .32 100

Total 43.33 100 33.11 100

Source.—Compiled from United Nations Statistics Division Commodity Trade Statistics Data Base (1999).
Note.—Crops are arranged in rank order of total imports from less developed countries (LDC; col. 3). Negative balances in parentheses.
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TABLE 4

Developing-Country Exports to the Developed World—Top Nine Countries, 1994–98 Averages

Origin
All CGIAR

Commodities Soybeans Bananas Rice Coconut Groundnut Wheat Cassava

Annual average exports by value (1,000s of US$ per year):
Brazil 3,068,757 3,044,148 2,852 1,207 1,406 10,003 1,077 510
Argentina 2,099,760 1,501,520 … 1,047 1,013 227,653 12,932 …
Thailand 1,279,176 3,553 6,003 728,786 8,492 … 76,411 433,047
Philippines 1,018,158 1,890 320,658 67 683,466 … 9,010 2,502
Costa Rica 983,076 107 957,633 … 712 … 646 23,891
Ecuador 975,244 … 974,634 … … … 58 372
China 942,887 187,176 3,581 142,723 837 209,950 138,909 2,277
Colombia 669,144 … 666,268 … 261 42 1,746 …
Panama 442,198 … 440,780 … … … … 45
All other 3,730,224 407,321 1,279,025 368,233 481,069 222,093 359,328 45,148

Total 15,208,623 5,145,713 4,651,434 1,242,062 1,177,257 669,741 600,116 507,791
Share of country total (%):

Brazil 20.18 59.16 .06 .1 .12 1.49 .18 .1
Argentina 13.81 29.18 … .08 .09 33.99 2.15 …
Thailand 8.41 .07 .13 58.68 .72 … 12.73 85.28
Philippines 6.69 .04 6.89 .01 58.06 … 1.5 .49
Costa Rica 6.46 0 20.59 … .06 … .11 4.7
Ecuador 6.41 … 20.95 … … .01 .07
China 6.2 3.64 .08 11.49 .07 31.35 23.15 .45
Colombia 4.4 … 14.32 … .02 .01 .29 …
Panama 2.91 … 9.48 … … … … .01
All other 24.53 7.92 27.5 29.65 40.86 33.16 59.88 8.89

Total 100 100 100 100 100 100 100 100
Share of commodity total (%):

Brazil 100 99.2 .09 .04 .05 .33 .04 .02
Argentina 100 71.51 … .05 .05 10.84 .62 …
Thailand 100 .28 .47 56.97 .66 … 5.97 33.85
Philippines 100 .19 31.49 .01 67.13 … .88 .25
Costa Rica 100 .01 97.41 … .07 … .07 2.43
Ecuador 100 … 99.94 … … … .01 .04
China 100 19.85 .38 15.14 .09 22.27 14.73 .24
Colombia 100 … 99.57 … .04 .01 .26 …
Panama 100 … 99.68 … … … … .01
All other 100 10.92 34.29 9.87 12.9 5.95 9.63 1.21
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Maize Beans Potato Chickpeas Sorghum Lentils Millet Barley

Annual average exports by value (1,000s of US$ per year):
Brazil 4,843 1,733 967 … … … … …
Argentina 232,611 59,104 … … 55,287 … 7,508 …
Thailand 4,008 17,752 616 … 166 140 … …
Philippines 168 … 126 … … … … …
Costa Rica … … 42 … … … … …
Ecuador … 19 … … … … … …
China 69,438 161,587 3,490 63 8,548 5,999 8,217 91
Colombia 521 120 85 … … … … …
Panama 380 … … … … … … …
All other 122,774 85,864 230,887 91,957 18,318 15,687 865 4,527

Total 434,742 326,179 236,214 92,021 82,319 21,826 16,590 4,618
Share of country total (%):

Brazil 1.11 .53 .41 … … … … …
Argentina 53.51 18.12 … … 67.16 … 45.26 …
Thailand .92 5.44 .26 … .2 .64 … …
Philippines .04 … .05 … … … … …
Costa Rica … … .02 … … … … …
Ecuador … .01 … … … … … …
China 15.97 49.54 1.48 .07 10.38 27.48 49.53 1.97
Colombia .12 .04 .04 … … … … …
Panama .09 … … … … … … …
All other 28.24 26.32 97.74 99.93 22.25 71.88 5.21 98.03

Total 100 100 100 100 100 100 100 100
Share of commodity total (%):

Brazil .16 .06 .03 … … … … …
Argentina 11.08 2.81 … … 2.63 … .36 …
Thailand .31 1.39 .05 … .01 .01 … …
Philippines .02 … .01 … … … … …
Costa Rica … … 0 … … … … …
Ecuador … 0 … … … … … …
China 7.36 17.14 .37 .01 .91 .64 .87 .01
Colombia .08 .02 .01 … … … … …
Panama .09 … … … … … … …
All other 3.29 2.3 6.19 2.47 .49 .42 .02 .12

Source.—Compiled from United Nations Statistics Division Commodity Trade Statistics Data Base (1999).
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Fig. 2.—Share of developed-country imports originating from less developed
countries, 1989–98. Source: Compiled from United Nations Statistical Division, Com-
modity Trade Statistics Data Base (1999).

97% of these exports involved just one of the crops considered. Over 80%
of the exports of the commodities under consideration come from Thailand
and Argentina and involved just two such commodities—rice and cassava in
the case of Thailand, and soybeans and groundnuts in the case of Argentina.

A detailed investigation of region-to-region, country-to-region, and coun-
try-to-country trade flows for the 15 CGIAR crops reinforces the finding
described above that comparatively few LDC countries account for most of
the total LDC exports to the developed world. Additionally, most of these
LDC exports go to Western Europe (about 64%), followed by the United
States (16%) and Japan (11%). Western Europe is the principal developed-
world destination for developing-country exports for all but three CGIAR
commodities—the exceptions being wheat, sorghum, and barley. The overall
value and pattern of South-North trade has been geographically stable recently,
with approximately one-third of the imports for developed countries coming
from LDCs since 1992. Moreover, just nine LDCs accounted for about three-
quarters of the shipments of CGIAR crops to Northern countries for the years
1992–98, with Brazil, Argentina, Thailand, Philippines, and China being the
biggest exporters. The composition of South-North trade has changed. The
value of wheat and rice exports from the LDCs to the developed countries
grew rapidly, by over 10% and 6% per year, respectively, since 1992. In
contrast, LDC exports of barley, beans, cassava, chickpeas, lentils, maize,
millet, potatoes, and sorghum to the developed world declined. These crop-
specific patterns of trade over the 1992–98 period are reflected in figure 2.
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Processed Products, Infringement, and Detectability
Intellectual property claims can pertain not only to products but also to pro-
cesses (e.g., methods for making a plant and methods for processing it) and
the processed products themselves. Many commodities are traded in processed
form. The COMTRADE data show that about 60% (by value) of LDC exports
of coconuts to the developed world are in the form of oil and about 54% of
soybean exports are so traded. In contrast, bananas and rice are shipped almost
entirely in raw form, in which IP should be more readily detectable. To
successfully litigate against the importation of crops that were developed with
locally protected IP, it is necessary for the litigant to establish the use of the
IP. The use of modern biotechnologies can be discerned in seeds and fruit
parts but not necessarily if the crop is shipped in processed form. Tests based
on protein or DNA, including sensitive polymerase chain-reaction-based
(PCR) diagnostic methods, are largely, if not wholly, incapable of detecting
substantive components of protected technologies in oils, carbohydrates, pu-
rified proteins, or some extracts.

The law is unsettled regarding the reach of infringement of method claims
to products resulting from these methods of producing or processing a crop.
For example, an imported product made by a patented process may not be
infringing if it is materially changed by subsequent processes (such as shipping
oil derived from soybean varieties, the creation of which is subject to process
patents). However, relying on public policy arguments espoused in legislative
history, the U.S. Federal Circuit Court in Bio-Technology General Corp. v.
Genentech Corp. found infringement even though a product was materially
changed.32 Furthermore, the burden of proof requirements may favor the pat-
entee. In the United States, the presumptions are that a product is made from
a patented process when there is a substantial likelihood of it and that the
patentee made a reasonable effort to determine the process actually used. On
the other hand, the use of processes protected by IP to produce a traded
commodity is likely to be difficult to verify. It then becomes the alleged
infringer’s burden to prove that the process was noninfringing.

In summary, the production and trade evidence reveals that:

1. Exports from developing to developed countries of staple food crops
are insignificant in relation to domestic agricultural production, to total
agricultural exports from developing countries, or to developed-country
imports, except for a few commodities from a small number of de-
veloping countries.

2. The developing countries as a group account for more than 95% by
weight (and for quite a few of these crops more than 98%) of the
world’s production of rice, millet, cassava, sweet potato, yam, banana,
plantain, chickpeas, cowpeas, pigeon peas, groundnuts, and coconuts.
They also account for over 65% of the world’s production of sorghum,
beans, and lentils.
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3. Soybeans, coconuts, bananas, lentils, and beans are the only crops of
the 15 studied for which more than 10% of developing-country pro-
duction is exported.

4. Just two crops (soybeans and bananas) account for 64% of LDC crop
exports by value to the developed countries and just four countries
(Brazil, Argentina, Ecuador, and Costa Rica) account for 42% of the
South-North trade in these two crops. Together with exports of rice and
coconuts, these products comprise 80% of the South-North trade total.
Most of the rice and coconut shipments from the South destined for
the developed world come from Thailand and the Philippines,
respectively.

5. Western Europe is the principal destination for South-North trade in
nine of the top 10 developing-country crop exports—specifically soy-
beans, bananas, rice, coconuts, groundnuts, cassava, maize, beans, and
potatoes. Wheat is the only exception; exports from LDCs are shipped
mainly to North America and Japan but are dwarfed by wheat trade in
the reverse direction from North America to LDCs.

Soybeans, the most valuable developing-country export crop, is of minor
importance in most LDC research portfolios and is not a staple crop in Brazil
and Argentina, which, together, account for 79% of South-North trade in this
crop. But given the significance of the value of soybean exports and the role
of biotechnology in soybean breeding, a few comments on these are in order.
In 2000, genetically modified soybeans occupied 95% of soybean acreage in
Argentina.33 Roundup resistant seeds reputedly smuggled from Argentina were
planted on an estimated 8% of Brazilian soybean acreage in 1999.34 This
occurred notwithstanding the fact that such seeds are still outlawed in Brazil.35

Roundup Ready� soybean technology is not patented in Argentina, although
seeds with this technology are generally protected by plant breeders’ rights
under Argentina’s 1974 seed law.36 Thus, it is legal for Argentine seed com-
panies to breed new cultivars using glyphosate tolerance genes without li-
censing agreements with Monsanto, although the shipment into the United
States of soybeans grown from such seeds could make importers liable to
litigation.

In a search of Patent Cooperation Treaty applications and issued United
States and European patents, we found only three directly related to transgenic
bananas. Several others recite banana viruses and detection methods. However,
there is IP pertaining to biotechnologies in commercially grown bananas be-
cause of patents with claims that encompass bananas (e.g., claims to mono-
cots). The three principal fruit types of the genus Musa are dessert bananas,
cooking bananas, and plantains. The vast majority of bananas exported by
LDCs are dessert bananas. Cooking bananas and plantains are important in
terms of production and consumption but not in terms of exports. International
(nonprofit) plant-breeding research deals with all three Musa types, although
CGIAR research is mostly confined to cooking bananas and plantains.
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An important South-North trade development noted above is the rapid
rise in rice exports from LDCs to developed countries. Of all Northern rice
imports, almost half now originate in Southern countries and, in particular,
from Thailand, India, China, and the Netherlands Antilles.37

In summary, the trade data suggest that freedom-to-operate problems are
most likely—among the crops under consideration—to arise in soybeans,
bananas, and rice. However, soybeans are not, at present, a staple commodity
in the major exporter countries, nor are they a focus of international agri-
cultural research organizations working in or on behalf of the developing
world. The types of bananas that dominate as an LDC food crop and consumer
staple do not figure significantly in trade. Rice is a staple par excellence, but
the percentage of rice output traded to the North is very small.

IV. Conclusion
At present, crop breeders in less-developed countries have substantial freedom
to operate regarding research on most crops of greatest significance for food
security in poor countries. Intellectual property rights over biotechnologies
relevant to agriculture are held mainly in (and are therefore mainly relevant
to) rich-country jurisdictions. Intellectual property rights in the North affect
farmers in the South (and, indirectly, the LDC breeders who supply them with
modern cultivars) if they export infringing products to the North. However,
South-North trade in the food staples is limited overall as well as in terms of
the number of crops and the number of less-developed countries involved in
any significant sense. Intellectual property rights–based limitations on export
markets for food staples that embody technologies protected only in the North
should not, in general, be considered an important impediment to the use of
these technologies in such crops in the South.

This does not mean that freedom to operate is not an issue for LDC
research or production for those few staples for which exports of agricultural
staples to Northern countries constitute a significant share of a Southern coun-
try’s total exports. Problems may also arise for traders of Southern cash crops
destined for Northern markets, such as horticultural products, tropical bev-
erages, or dessert bananas.

Undue concern about the freedom to conduct LDC research (or research
by those working on behalf of LDCs) is misdirecting policy and practical
attention away from the major current constraints on research on food crops
for the South. There is an increasingly serious lack of investment in Southern
research and a lack of local scientific skills needed to take advantage of the
rapidly advancing stock of complex modern biotechnologies, whether they
are protected by patents or not. Biotechnology is challenging the adaptive
capacity that has enabled poor countries to benefit from the advances in plant
genetics and other relevant technologies in the past half-century, and lagging
public resources are not being replaced by private-sector investments. Failure
to invest in the capacity needed to evaluate, access, and regulate the tech-
nologies being developed in the North is currently a far greater constraint
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than freedom to operate. The current confusion over this issue itself illustrates
the lack of capacity that researchers and decision makers have for handling
questions relating to IPR and freedom to operate in LDC plant breeding.

For the future, the form of implementation of the TRIPS agreement with
respect to plant-breeding technology, domestically and in important export
markets, is a crucial issue for LDC policy makers. Where patenting of plant
and other life-forms is allowed, the extent of patenting of key biotechnologies
in the South will grow, threatening the freedom to operate of LDC researchers
and freedom to trade in LDC agricultural products, both South-North and
South-South. This issue ranks with the implementation of farmers’ rights as
an important policy concern for plant breeders, farmers, and the food con-
sumers of the South, but domestic freedom to operate is generally the dominant
IPR issue. Exports of important food staples that dominate agriculture are not
important growth drivers in most developing countries.

Misconception of their present freedom to operate is a threat to the
effectiveness with which breeders of food crops for the South can bargain for
access to the scientific outputs from the more than $10 billion of private
spending (1993 prices) on agricultural R&D in 1995 in Organization for
Economic Cooperation and Development countries.38 Institutional innovations
bridging the private-public divide are beginning to emerge.39 It behooves all
parties to have a proper picture of the present degrees of freedom regarding
Southern agricultural R&D in order to strike effective deals when tapping
Northern IP on behalf of the world’s poor, to know when such deals are not
needed, and to recognize what is being surrendered in choosing plant patenting
rather than plant breeders’ rights in implementing the TRIPS agreement.
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