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Abstract
There is evidence of an increase in market concentration and in the importance
of private plant breeding in the seed industry following the widespread
adoption of Intellectual Property Rights regimes for the industry in the
developed world. We use data from the US Patent and Trademark Office, US
Plant Variety Protection Office and various European Plant Variety Protection
databases to estimate the extent of these changes in the seed corn industry.
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1. Introduction

Intellectual Property Rights (IPRs) regimes for sexually reproduced plants were
introduced in the European Union (EU) in the late 1960s and in the United States
(US) with the passage of the Plant Variety Protection Act of 1970. The Trade Related
Aspects of Intellectual Property (TRIPS) Agreement requires all members of the
World Trade Organisation to introduce at least a sui generis Plant Breeders Rights
(PBR) or Plant Variety Protection (PVP) regime. The experience under the regimes in
the US and the EU may provide a guide to what might occur in other countries if a
regime were introduced and enforced. In this paper we suggest a possible new proxy
for market concentration, which may assist with planned empirical work to explore
the link between market structure and innovation.

An important argument for IPRs is that it leads to increased innovation and an
increase in available knowledge. However, there is no compelling evidence that this is
always the case. There is considerable anecdotal evidence that IPRs for plant
breeding, in those countries which have introduced and enforced it, has been
associated with an increase in industry concentration and a move from public to

private plant breeding, but there is less empirical work. A major concern about
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agricultural biotechnology, IPRs and increasing concentration is the control a few
large firms, who may not invest in developing new products with the greatest social
benefit, may be able to exercise over the global food supply (Harhoff et al. 2001;
Sheldon 2008). If the more widespread availability of IPRs for plant breeding has had
impacts on innovation, welfare or distribution of welfare, or on efficiency it would be
useful to be able to quantify these effects. In this paper we focus on corn seed since,
unlike cotton, soybeans and canola, it is a staple food in some regions.

Analysis of the effects of IPRs for plant breeding is limited by lack of data.
Data relating to market share and R&D expenditure are not readily available, as the
information is commercially sensitive. However, information about the ownership of
plant varieties is available from patent and plant variety databases. Patent data have
been used to measure innovation and concentration in innovation in the agricultural
biotechnology sector (see, for example, Harhoff er al. 2001; Graff et al. 2003;
Brennan et al. 2005; King and Schimmelpfennig 2005). However, these studies focus
on biotechnology crops in general rather than specific crops. Levels of concentration
vary between crops. We suggest that the share of ownership of germplasm, as an
essential input for modern varieties of corn, could be used as a proxy measure of
market concentration in the corn seed market. We use data from the databases of the
United States Patent and Trademark Office (USPTO) and the United States Plant
Variety Protection Office (PVPO) as well as up-to-date information on company
structure, collated from a variety of sources, to determine the share of ownership of
germplasm in the US over the period since the introduction of PVP legislation in
1970. We include, for comparison, preliminary data for the European Union (EU)
from the databases of the Community Plant Variety Office CPVO) and the
Groupement National Interprofessionel des Sémences et Plants (GNIS) to demonstrate
that the development of the EU breeding industry may not have followed the same
path as in the US.
2. Background
Historically, seeds have been available free of charge to farmers through
multiplication and reuse. It was difficult for seed breeders to obtain a return which
justified investment in innovation, so development of new varieties was mainly the
domain of public institutions. With the introduction of hybrid corn varieties in the
1930s, corn growers no longer saved seed, as hybrid seed does not breed true to type.

As long as the lineage of a hybrid was unknown to competitors or farmers, the breeder



continued to hold a unique and marketable product until an even better hybrid was
developed. The introduction of hybrid corn encouraged the formation of private
companies to produce corn seed in the 1930s (Fernandez-Cornejo 2004). However,
for breeders of Open Pollinated Varieties (OPVs) the lack of return to innovation
discouraged private investment in research.

2.1 Plant Variety Protection in the US

In 1970, in response to pressure from plant breeders, the Plant Variety Protection Act
(PVPA) was enacted to extend PVP to OPVs. PVP Certificates provide protection for
a period of 20 years from the date of issue. Stronger protection became available in
the mid 1980s when a series of court decisions opened the way for plant breeders to
take out utility patents over life forms, held to include plant varieties, breeding
methods and gene sequences. A utility patent provides protection for 20 years from
date of application. On average the interval from application to approval for corn
varieties and inbred lines is about 28 months, so the effective protection period is
about 17.5 years (USPTO 2008). The PVP regime includes a research exemption, but
this does not apply for utility patents. A variety may be protected by both a patent and
a PVP Certificate at the same time. The Plant Breeders Rights (PBR) regime, whether
through patents or PVP, does not involve any form of quality control. New varieties
must be different, but they need not be proven to be superior to existing varieties.
However field testing is required where Genetically Modified (GM) organisms are
introduced (Fernandez-Cornejo 2004). Although corn seed is hybrid seed, breeders
have considered it worthwhile to take advantage of the protection offered by the PBR
regime.

2.2 Plant Variety Protection in the EU

The system in the EU differs from that in the US. While it is possible to patent life
forms, it is not possible to hold a patent and a PVP certificate for the same variety
(Wurtenberger et al. 2006). The general practice is to use patents to protect methods,
and PVP to protect varieties. The EU PVP provides protection for 25 years from date
of issue of the certificate. The process is linked with the seed certification process, so
that effectively varietal rights are only available for cultivars which are demonstrably
superior. Breeders can apply for protection to national bodies in each of the EU
member countries, or to the Community Plant Variety Office (CPVO) for protection
EU-wide. If CPVO protection is taken out for a variety that is already registered in an

individual member country, the individual country protection becomes dormant, but



can be reactivated if the CPVO protection is terminated (Wurtenberger et al. 2006).
The terms and conditions, but not necessarily the costs, of protection are similar for
the individual countries and the CPVO.

3. Expected effects of the introduction of IPRs for plant breeding

IPRs regimes for plant breeding have been justified by their supporters on the basis
that they encourage both innovation and the dissemination of knowledge. They may
however reduce public investment in plant breeding and lead to an increase in market
power.

3.1 Innovation and dissemination of knowledge

It is possible that without IPRs protection, an innovator will have no incentive to act.
If one of the inputs is a public good (such as a technological advancement) the good
can be used repeatedly without repeating the development expenditure. The
production function will exhibit increasing returns to scale. If output is priced at
marginal cost the firm will not cover the Research and Development (R&D) and
regulatory costs of developing the technological advance, and will not survive as a
price taker. If returns to private investment are inadequate, R&D can be carried out by
public agencies, or IPRs can be introduced to encourage innovation by allowing
private enterprise (in the present case private seed breeders) to obtain property rights
through the creation of excludable goods (Fulton 1997). A further argument in favour
of IPRs is that breeders are required to make information about their innovation
publicly available as a condition of obtaining protection. This is said to add to welfare
by increasing the dissemination of knowledge (Lence et al. 2003).

3.2 Shift from public to private breeding

Because of the incentives provided to private breeders under IPRs regimes, their
introduction is likely to lead to a rise in the proportion of private investment in
research at the expense of public investment. Reduction in the share of publicly
funded plant breeding could be attributed to a number of factors. The first could be,
quite simply, less funding. The second could be that because private firms have IPRs,
and therefore incentive to innovate, they are prepared to spend more on research. The
third is that while there is a research exemption for varieties protected under the
PVPA, there is no such exemption for varieties or other life forms protected by utility
patents. The Freedom to Operate of public plant breeders is restricted because they no
longer have unrestricted access to genetic material.

3.3 Increase in market power



With the increase in private funding of research, the input of publicly developed
inbred lines into modern varieties has declined. Previously, most breeders of corn
used publicly developed inbred lines in the breeding process. Modern varieties are
overwhelmingly crosses of private inbred lines, so the choice of alternative sources of
germplasm has become more limited. Choice of supplier will also be reduced if there
is an increase in market concentration, leading to an increase in the ability of the firms
in the industry to exercise market power. Firms will be able to exercise market power
if markets are not contestable. A market will not be contestable if a firm obtains a
patent on a technology which is an essential input into production, thus creating
barriers to entry to the industry, or if the industry is characterised by high sunk costs,
meaning that there are costs to entry and exit (Fulton and Giannakas 2001). There are
concerns that increased market power may lead to business practices that abuse that
power.

4. The US and EU corn seed industries since 1970

4.1 Innovation

There is some evidence that, contrary to expectation, the introduction of IPRs for
plant varieties may have reduced research intensity' into crop biotechnology rather
than encouraging innovation (Fernandez-Cornejo and Schimmelpfennig 2004;
Schimmelpfennig et al. 2004). It is suggested that this may be because the
introduction of IPRs has encouraged consolidation, leading to less competition in
R&D. Alston and Venner (2002) found that the PVPA had not contributed to
increases in wheat yield, or an increase in private investment in wheat breeding.
Brennan er al. (2005) argue that leading biotech firms have the ability to decrease
total industry investment in R&D because of the concentration of patent ownership,
and there are concerns that the cost of obtaining permission to use patented
technology may prevent some firms participating in innovative research (Graff et al.
2004). The supposed value of increased public availability of knowledge under IPRs
could perhaps be questioned in the case of PVP or PBR, given that a variety (with its
associated increase in knowledge) is likely to be superseded well before the expiry of
the protection. Shi ef al. (2008) suggest that the average life of a hybrid corn variety is
now only about three years.

4.2 Move to private plant breeding

! Defined in these papers as the annual number of field trial applications from private firms divided by
private industry sales of seed for each major crop (in millions of dollars)
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As could be expected, research into commercially profitable plant varieties has moved
from the public to the private sector. Fernandez-Cornejo (2004) suggests that private
R&D expenditures on US plant breeding as a whole rose by 1300 per cent between
1960 and 1996 (adjusted for inflation), while real public R&D changed very little. The
situation is hard to assess because of the lack of suitable data. While total R&D
expenditure of firms is available the proportion spent on new plant variety generation
is not known (Srinivasan et al. 2002). Studies in 1994 and 2001 used survey data in an
attempt to determine the relative shares of effort in those years (Frey 1996; Traxler et
al. 2005). The 1994 study provided some insight into private breeding, but the private
sector response in 2001 was so poor that the authors did not report on private
research. Fuglie and Heisey (2007) note that analysts have not been able to track
private sector investments in agricultural research since 1998 due to unavailability of
comparable data.

More concrete evidence for the shift from public to private plant breeding in
the corn seed industry is provided by Darrah and Zuber (1986) and Mikel and Dudley
(2006). They note that hybrids with only public inbred lines were used for 24 per cent
of US corn production in 1979, and only 6 per cent by 1984. Mikel and Dudley (2006)
searched of USPTO and PVPO databases and demonstrated that public inbred lines
were used in development of 45 per cent of new US corn inbreds from 1980-1988, 10
per cent from 1988 to 1996, and only 2 per cent from 1997 to 2004.

4.3 Effect of high entry costs and regulatory barriers to entry

The substantial costs of R&D, and the existence of an IPRs regime, mean that there
are sunk costs and barriers to entry for the private plant breeding industry, and that
therefore seed markets are not contestable. The time required to produce a new variety
of corn is estimated at 6 to 15 years, depending on the genetic resources available to
the breeder and the type of hybrid (Lopez-Pereira and Garcia 1997). Of 10000 crosses
about 100 lines are developed, and of these only about three become part of a
commercial hybrid (McMullen 1987). As previously mentioned, Shi er al. (2008)
suggest that the effective life of a hybrid corn seed is now about three years. The costs
of introducing a new Bt corn variety, MONS810, to one market (The Philippines) were
estimated at $US2.6 million at 2004 discounted prices (Manalo and Ramon 2007).
This estimate allocated core development costs incurred in the US to the Philippines

based on the country’s share of total world production of the variety.



Breeders are unlikely to make the required investment in development of varieties
without protection, and the costs of obtaining PVP or patent protection are low by
comparison with the development costs. The cost of lodging an application for a
patent or PVP certificate in the US is estimated at $US50 000 (Phil Pardey, Pers.
Comm. 2008). The fees for applications for patents and PVPs, and for their
maintenance, range from $US5000 to $US10000, depending on country and regime
(CPVO 2008a; DEFRA 2008; PVPO 2008a; USPTO 2008a). The disparity between
costs of development and cost of protection could be expected to make the decision to
protect relatively straightforward.

5 The current structure of the United States and EU corn seed markets

5.1 The US market

Until the 1970s the US corn seed market was relatively unconcentrated. The four-firm
concentration ratio (CR4) was estimated as 60 per cent in 1983 and 69 per cent in
1997 (Fernandez-Cornejo 2004). Pioneer controlled 42 per cent of the market,
Monsanto 14 per cent and Novartis 9 per cent (Fernandez-Cornejo 2004). Smaller
firms still had 20 per cent. It is difficult to determine market share in a fashion that is
consistent and comparable over a number of years, since information is commercially
sensitive, and companies report sales and returns in different ways.

The main participants in the corn seed market today are Pioneer HiBred
(DuPont), Monsanto, Syngenta and Dow. Pioneer has been breeding corn seed since
1921, and owns a large bank of genetic material but is not strong in biotechnology
traits. Its 1999 merger with DuPont was designed to address this problem. Monsanto
was a chemical company which acquired Asgrow, DeKalb and Holden’s Foundation
Seeds between 1997 and 2000 to obtain germplasm into which it could insert
biotechnology traits. Syngenta is European based, and was formed through the merger
of Novartis and the agricultural operations of Astra Zeneca in 2000. In 2004 Syngenta
purchased J.C. Robinson, Golden Harvest, Garst, and the US operations of Advanta.
Dow has continued to expand in the US, buying the US operations of Cargill in 2000
and Triumph Seed in 2008, and in Europe and Brazil (information extracted from
various sources).

While Pioneer has traditionally had the largest share of the market, the
increase in planting of GM corn from 25 per cent of all plantings in 2000 to 80 per
cent in 2008 (USDA NASS 2008) has had an effect on market rankings. In 2006 and

2007 Pioneer’s share of the corn seed market was about 30 per cent (E.I. DuPont de



Nemours 2006, 2007), compared with the 42 per cent previously quoted (Fernandez-
Cornejo 2004). It appears that growers are demanding seed of GM varieties, and the
company does not have sufficient supplies to meet that demand. Monsanto, which
according to some (for example, Barboza 2003) controls over 90 per cent of
biotechnology traits, now claims more than 64 per cent of the United States corn seed
market (40 per cent seed sales and 24 per cent licensing) (Monsanto 2008). Possibly
as a response to the increasing market share of Monsanto, Pioneer and Syngenta
formed a joint venture in 2006 to license corn and soybean traits to other companies
for the US market, giving Pioneer a global licence to Syngenta’s insect resistant
technology, and Syngenta a global licence to the herbicide tolerant technology. Dow
and Pioneer have jointly developed insect protection, but are marketing them
separately. The market is therefore more concentrated than might appear from
shareholdings. The CR4 will be unaffected by the changes in ranking or the joint
operations.

5.2 The EU market

The corn seed market in the EU is less concentrated than in the US, although the
major US seed companies operate in Europe. There are a number of well-established
French farmer-based cooperatives which have a large share of the market, and some
small independent breeders, particularly in Germany and Italy. With the expansion of
the EU, a substantial number of varieties from independent Eastern European breeders
are included in the EU databases. Because of the range of climatic conditions in
Europe, the late maturing varieties of corn which characterise the US industry are not
suitable for the whole of Europe. Early maturing or green corn varieties are required
for the north. The merger and acquisition (M&A) activity in the US corn seed industry
since 1996 appears to have been substantially driven by the introduction of GM crops.
The barriers to introduction of GM varieties into European agriculture may have had
an effect in slowing down M&A. Eight members of the EU27 planted GM crops in
2007 (James 2007). It has also been suggested that because European policy aims to
promote Small-to-Medium-sized Enterprises (SMEs), biotechnology-based SMEs can
provide lower-cost R&D services to the seed breeding companies (Mangematin et al.

2001).

6 Data Sources



We are interested in investigating the effects of IPRs on innovation and welfare
distribution in the corn seed industry where there is likely to be less than perfect
competition. There have been some empirical and theoretical studies of industries
where inputs are sold in a non-competitive market to the competitive farm sector (for
example, McCorriston 1993; Moschini and Lapan 1997; Fernandez-Cornejo and
Spielman 2002). However, any updated study of the effects of increased market
concentration requires updated data. Sexton (2000) notes that lack of recent data is a
common problem with studies of market power in the agricultural marketing chain,
and points out that studies based on old data sets may understate the extent of market
power. New data are required because of the substantial change in the structure of the
corn seed market in the US since the late 1990s.

Given the difficulties in obtaining consistent and comparable data for market
share, it may be useful to consider alternatives. Fulton and Giannakas (2001) suggest
that share of sales may not always be the most appropriate measure of market power
in an industry. The Federal Trade Commission has used innovation competition to
assess the impact of mergers (Brennan ef al. 2000; Fulton and Giannakas 2001).
Brennan et al. (2000) use data from field trials to calculate a CR4 for improved seed
at the R&D stage, and find that the concentration at the R&D stage is matched by
concentration in terms of number of patents held. Brennan et al. (2005) have

estimated concentration in GM innovation using biotechnology patent data.
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6.1 Field trial applications

The percentage share of field trial applications made to the USDA Animal and Plant
Health Inspection Service (Animal and Plant Health Inspection Service (APHIS)
2008) by company since 1992 is shown in Figure 1.
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There are some problems with relying on field trial applications as a measure
of market concentration. The applications are only required for GM varieties, and it is
possible for companies to petition for deregulation of GM organisms. Twenty-two
organisms used in corn breeding have been deregulated since 1995 (APHIS 2008).
These trials do not represent all corn varieties being introduced. It is also difficult to
be sure what exactly is being trialled because of “business in confidence”
considerations (applicants do not yet have IPRs protection, and therefore the
information publicly available is limited). The applicant may not be the eventual
assignee of any resulting patent or PVP certificate, so that although there is a
reasonable proportion of field trial applications from universities, they may be acting
in collaboration with private breeders who may ultimately be assigned the patent or
other protection.

6.2 US Patents and PVP Certificates Issued

Another possibility is to use the proportion of germplasm, the essential input for corn
seed production, owned by each company as a proxy for changing levels of market
concentration. As previously mentioned, Brennan et al. (2005) have measured
concentration in innovation by calculating share of biotechnology patents owned by
each company. As far as we are aware, this approach has not been used to determine
market concentration for an individual crop, although it is acknowledged that
concentration ratios will vary between crops. To obtain a complete picture it is
necessary to also include PVP certificates for corn. From the database of the USPTO
(USPTO 2008b), and records of the USPVPO (USPVPO 2008b), we have details of
assignees of patents and PVPA certificates for corn seed. At 7 April 2007, 1497 utility
patents for corn seed had been issued by the USPTO since 1985. Of these, 479 were
related to methods rather than varieties, and have been disregarded for the purposes of
this study. Of the remaining 1018 patents, 720 related to inbred lines and 298 to
hybrid corn varieties. From the early 1970s until 7 April 2007, 779 PVP certificates
for varieties and inbred lines had been issued. Of these, 435 were also covered by
patents, and were excluded. This left 1362 corn varieties and inbred lines which have,
or had, some form of IPRs protection in the US either through patents or through

PVP. Of these 835 were inbred lines, and 524 were varieties.
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From the application and issue dates, and hence the expiry dates, we have
determined the ownership of germplasm with IPRs protection from 1976 until 2007,
with projections to 2025. The percentage ownership can be seen in Figure 2. We have
adjusted the data to account for changes in beneficial ownership through M&A
activity from 1976 to the present, and have assumed that existing patents will be
maintained over the projected period. While these projections do not take into account
the possibility of new entrants, the 160 patents issued for inbred lines or varieties in
the following 12 months to April 2008 were all assigned to the top four companies.

While germplasm will be available for public use once patents have expired, if
the life span of a cultivar is only three years, this information may not be useful in 18
to 20 years when the protection expires. The life of an inbred line will depend on its
quality, and it is conceivable that it may outlast its patent. It will be difficult for new
entrants to use the published information to enter the industry.

It can be seen from Figure 3 that the CR4 for corn, based on ownership of
germplasm through patents and PVPA certificates, was 94 per cent in 2007. This is
considerably higher than the value of approximately 70 per cent quoted in other
studies. While we acknowledge that these data have limitations (for example it would
be useful to assign a weighting based on the extent of adoption of a variety or the use
of an inbred line) we suggest that it may at least provide an alternative to unreliable

market share data.
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6.3 EU PVP Certificates

For the purposes of comparison, the share of PVP certificates by company at 30 June
2007 for four European companies and for the EU27 is given in Table 1 (Extracted
from CPVO 2008b; GNIS 2008), and it can be seen that this market is currently less

concentrated than that in the US. The ranking, and the CR4, is variable between

Table 1 Percentage shares of PVP Certificates for corn varieties in the EU at 30 June 2007

Company France Germany Spain Italy EU27
Limagrain 21.2 19.3 20.1 13.9 16.5
Syngenta 12.0 6.4 7.1 14.8 14.64
Pioneer 19.6 26.2 26.3 171 12.13
Monsanto 9.2 8.2 10.2 13.7 10.85
KWS 13.5 19.7 13.8 10.4 10.81
Euralis 8.0 4.8 5.5 7.1 7.1
RAGT 9.7 9.8 9.6 6.0 5.69
Caussade 4.2 2.3 2.1 4.7 3.98
Dow 0.4 0.6 0.6 2.0 1.16
Other 2.3 2.7 4.7 10.3 17.14
CR4 66.3 75.0 70.4 59.5 54.12

member countries. To put these figures in context, it should be noted that the EU has
about 10 per cent of total world seed maize acreage, behind the US and China, each

with 33 per cent. In 2006 France had 48 per cent of the EU acreage and Hungary 27
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per cent. Ninety-four per cent of France’s seed maize exports go to EU countries,
mainly Germany and the Benelux countries (AGPM 2008). We are in the process of

calculating the shares in the EU over the same time period as for the US data.

7 Conclusion

Seed is an essential input into food production. It is no longer a free or almost free
input in developed countries. With technological progress, the cost of seed has
increased relative to that of other inputs in the United States. There are no up-to-date,
accurate measures of the possible contribution of the existence of an IPRs regime to
the increase in costs. Studies are generally theoretical, or based on data which do not
take into account the consolidation that took place at the end of the 1990s and which
is still occurring. If there have been adverse effects of IPRs /PBR for food producers
and/or consumers in the US and the EU, it would be useful to quantify them as a
guide to what could be expected to happen if the rest of the world adopted and
enforced PBR. In this paper we update company and market information, and
propose, given that germplasm is the critical input into a seed variety, that PVP and
patent data could be used to determine who has control over that critical input, and to
provide an alternative measure of market concentration. Preliminary work suggests
that a CR4 calculated using this data is considerably higher than reported for the corn
seed industry in other studies. This alternative measure will be the basis of future

work.
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