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Abstract: The commercial seed industry has undergone tremendous consolidation in the
last 40 years as transnational corporations entered this agricultural sector, and acquired or
merged with competing firms. This trend associated with impacts that constrain the
opportunities for renewable agriculturguch as reductions seed lines and a declining
prevalence of seed savin@jo better characterize the current structure of the industry,
ownership changesom 1996 to 208 are representadsually with information graphics.

Since the commercialization of transgenic crops in the18RDs, the sale of seetlas
become dominatedlobally by Monsanto, DuPont and Syngenta. In addition, the largest
firms are inceasingly netwrked through agreements to cregsense transgenic

seed traits.
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1. Introduction

In the last 40 years, the commercial seed industry has transformed drdynatibak shifted from
a competitive sector of agribusiness, composed primarily of small, famityed firms, to an industry
dominated by a small number of transnational pharmaceutical/chemical corpofdfionghese
corporations entered the industry by acquiring numerous smaller seed companies, and merging witf
large competitors. This consolidation is associated with a number of impacts that constrain the
opportunities for renewadlagriculture. Some of these include declining rates of saving and replanting
seeds, as firms successfully convince a growing percentage of farmers to purchase their products yee
after year2]; a shift in both public and private research toward the most profitable proprietary crops



Sustainability2009 1 1267

and varieties, but away from the improvement of varieties that farmers can easily f&pland a
reduction in seed diversity, as remaining firms eliminate less profitable lines from newly acquired
subsidiarie$4].

A number of studies of consolidation imetseed industry have examined trends up until the turn of
the 21st centuris-12], but tre most recent, accelerating changes are not acheasiacterizedil3,14].
In addition, the hundreds of transactions that have reshaped the industry in recent years challenge
human cognitive capacities, making the full extent of this process difficult to comprehend. One
promising way to improve understanding of the current structure of timlgteed industry is by
representing patterns of ownership visually, using information graphics. This approach communicates
large amounts of information more quickly, and with fewer burdens on ourtshmrimemories, when
compared to text alor&5]. Visualization is particularly useful for analyzing consolidation because it
can simultaneously represent the specific events that have contributed to these changes, as well as the
oveall scope. In addition, it can facilitate the dissemination of such research findings to much wider
audiences, which is critical for encouraging sustainability effa8k

In this article Ifirst discuss several theoretical perspectives that help clarify recent seed industry
changes. | then describe the methods used to visualize the mergers, acquisitions and joint ventures th
have occurred among key firms since the -d®®0s. These informian graphics are presented with
profiles of key firms involved in recent structural changes, and analysis of the strategies they have
employed to achieve greater control over the seed sector. The potential trajectories of current trends
and their implicabns for renewable agriculture are briefly discussed.

2. Theoretical Perspectives

Three theoretical perspectives are useful for understanding recent structural changes in the fooc
system in general, as well as the seed industry more specifically. @werexognition of agriculture
as a sector of the economy that was historically resistant to the involvement of large agglomerations of
capital, although recent technological advances and legal protections are eroding previous obstacles
Another is the corept of the treadmill, which helps explain why farmers have been relatively willing
participants in processes that decrease both their independence and the prospects for practicin
renewable agriculture. A third perspective encompasses the tendency eofcégigalist firms to
consolidate their control of markets and reduce competition, a trend that is increasingly global in scope
due to the ascendance of transnational corporations.

2.1. Barriers to Accumulation

Agriculture is a sector of the economy ttHaas been more resistant to the capitalist logic of
accumulation than most othefs7-19]. Accumulation involves transformingapitatasmoney into
capitatascommodities and subsequently transforming thisinto larger amounts of
capitatasmoney[20]. Agriculture poses a number of challenges to this process because production
typically requires extensive amounts of land, involves long periods of time, and is highly unpredictable,
due to natural forces such as weather, pests and the perishabke of food. This makes agricultural
production a risky place to seek a profit, particularly when compared to producing durable goods in a
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factory. Because the accumulation process requires expansion into new economic frontiers, however
largescale capalists have had a strong interest in reducing these risks and refashioning agriculture
toward a factory mode]18,19]. PostWorld War Il technologies and research have succeeded in
increasing the potential to extract profits from agriculture, particularly
indirectly [21]. The saleof agricultural inputs €.g., seeds, chemicals, equipmengnd the
transformation or distribution of outpytsave been the most amenable to the process of accumulation,
even if the farm itself remains fairly resist§8l].

Seeds have the potential to short circuit possibilities for accumulation because once purchased the
may be selreproduced, thus bypassing the profits that could be realized if farmers cdninbey
these inputs year after yef8,22]. This obstacle has been surmounted in some crops using two
different strategies, biological and legd]. The development of hybrid crops is an example of the
biological strategy, as subsequent generations do not exhibit tleeckemracteristics as parents, thus
eliminating incentives to replant saved seddigheryielding, hybrid varieties of corn introduced in
the 1930s encouraged the growth of a private corn seed industry, in place of the previously dominant
on-farm and publ sources. Legal strategies involved first granting pdileatprotections to certain
seeds €.g., International Union for the Protection of New Varieties of Plants), and eventually full
patent protections for the transgenic seeds commercialized in 90s. 1&though earlier, patehke
protections allow farmers to save sgddll patents prohibit this practideviolators may even receive
prison sentence@3]. Because the legal strategy is expemsoonstrained to a limited length of time
(e.g., 17120 years), and largely ineffective in the Global South due to lack of government
enforcemenf24,25], technologies are in development that will further enhance the biological strategy.
One such effort involves creating transgenic seeds incapable efepelfiucing (genetic use
restriciont ec hnol ogi es) ; t his has been eégaverbmeetal 6 T e
organizationg24].

2.2. Agricultural Treadmillls

Why have farmers participated in this process of erodargers to accumulation? Why not resist
purchasing offarm inputs? The concept of the technological treadmill, introduced by Willard
Cochrane in 19586] provides an explanatiorfCochrane suggesl that because demand for food is
relatively inelastic, any increase in production is likely to reduce the prices farmers receive for their
crops. This is due to the economic principle that when supply exceeds demand, prices will fall.
Practices that imease production (which are tied to-&dfm inputs) may initially accrue financial
benefits for a small number of early adopters who are able to stay slightly ahead in this process. For
the majority of farmers, however, the result is that they must cahsiacrease yields in order to
simply maintain the same revenue. Those that
or exit farming altogether. Their |l and ends uj
increase scale oproduction as another means of keeping up with the treadmill, leading to the
increasing centralization of agricultuf27]. Farmers whchave managed to stay in bosss have
adapted to this process, and are typically on the leading edge of the adoption of new technologies. As
result, they have a high degree of confidence in science and technological innd2&jions
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Figure 1 is a graphic representation of this treadmill. It also shows that the adoption of new
agricultural technologies may result in adzhial treadmills. The most welkinown is the pesticide
treadmill. As the use of synthetic pegles increases, populations of natural predators are reduced,
and selection pressures lead to pest populations with resistance to these compounds. This encourag
applications of larger amounts of current pesticides, or the substitution of more toxmdpssti
Selection pressures are therefore increased, and are only temporarily effective in reducing crop
pests[29]. A second treadmill involves the use of synith&trtilizers, which may reduce soil organic
matter, particularly when combined with other industrial agricultural practices. This, in turn, leads to
the need to maintain or even increase applications of synthetic fertilizer in order to achieve original
yields on increasingly depleted sdi¥,30,31].

Figure 1. Agricultural treadnlis.
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The third treadmill involves purchasing seeds from commercial sources. The legal and biological
protections employed by the seed industry, as discussed above, may discourage or prevent farmer
from replanting the seeds they buy. In addition, theéucall knowledge of how to save and replant
seeds may be lost if farmers do not maintain these prad@esAs a result, farmers may be
increasingly locked in to purchasing these isgudom off the farm, rather than producing them on the
farm. While the majority of farmers worldwide still engage in seed saving, the prevalence of this
practice is declining rapidly, particularly in industrialized natigh4]. In the United States, for
example, the rate of saving corn seed fell to less than 5% by[10B0Rates of saving soybeans
decreased from 63% in 1960, to 10% in 2(PiL Although seed saving and replanting is currently



Sustainability2009 1 127(

more common among wheat growers, just-timel of tho® recently surveyed in Washington State
stated that they engaged in this praci3d.

The net effect of this suite of treadmills is a tendency to spend constantly increasing amounts of
money to operate a farm, even if net revenues decline. These rising expenses are paid to upstreal
participants in the commodity <chain, as wel |l
grain collectors and retailerfd,21]. Key upstream beneficiaries include purveyors offaffn inputs,
such as seed, chemical, machinery and fuel industries, assaelhders. While farm incomes have
stagnated, profits in these industries have increased dramatically in recent {i&8gdes

2.3. Consolidation

With obstacles to accumulah in agriculture eroding, and farmers enrolled in this process via
treadmills, agricultural industries tend to consolidate. In other words, industries that begin with a large
number of competing firms eventually become dominated by one firm (a monopolyhore
commonly, a small number of large firms (an oligopoly). This is not an inevitable process, but occurs
when differential market success accrues additional advantages to leading firms (such as economies c
scale) that snowball into even greater madigecess (often at the expense of their competitors). The
process may also be assisted by government policies, particularly when economic power translates int
political power: larger firms are more successful in lobbying for government actions thatnesul
uneven playing field, to the benefit of the ja3]. The result of these positive feedback loops is that
circuits of accumulation lm®me even more concentrated, or controlled by fewer and fewer
players[35].

An important consequence is that when concentration reaches a certain threshold, thirhasgest
are able to ensure stable profits by ceasing to compete on the basis of price. This does not requir
gathering secretly together to fix prices (though this does d86l), because firms of this size are
able to simply signal their intention to raise prices or restrict output, with others following suit. A
rough guideline developed by economists is that when four firms control 40% of a market, it is no
longer competitie [35]. In a number of agricultural input industries this threshold has been exceeded
in recent decades. It is estimated, for example, that the top four pesticide menstly control 59%
of the global market, and the top four seed firms control 56% of the global proprietary
(e.g., brandname) seed markefl4]. The potential for higil concentrated markets to be
noncompetitive refers primarily to price and/or output, because competition may remain fierce in
other arenas, such as expenditures on advertising, and reseataevelopment[37,38]. One
motivation for continuing competition in these arenas is that they serve as barriers to entry to other
firms, thus protecting an oligopoy 6 s hi gh [223t e of prof it

While consolidation has occurred in the past for key commodity crop seeds, the eradistacles
to accumulation are allowing this process to expand horizontally, into all seed crops, as well as across
multiple agricultural input sectors. The hybrid seed corn industry, which emerged in the 1930s with the
advent of highyielding hybrid variéies as mentioned above, was the first to consolidate. This process
accelerated in the 1970s due to enforcement of phitenprotections, which attracted the entrance of
chemical and oil companies to add to their portfolio of agricultural iN@litSThe commercialization
of full patentprotected transgenic seeds in the 1990s has triggered greater consolidation in other
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commodity seeds, such as soybeans and cotton. At first, patented seeds wexk\bitindither inputs
to protect profits in agrochemical divisidhMonsant o6 s agreement t
herbicidetolerant transgenic seeds required farmers to use their proprietary glyphosate herbicide,
rather than a generfB]. Transgenic seeds are increasingly becoming a profit center in their own right,
however. In addition, the patent protections of these seeds are being extendettdosganic seeds;
filing claims on traits identified through gemic sequencing (marker assisted breeding) has
encouraged consolidation among rmommodity focused seed companies, such as those specializing
in fruits and vegetables. Acquiring firms have paid significant premiums for seed companies in recent
years, somé@hes exceeding three times annual sfé$ Although rates of profit in the seed industry
are already very high compared to other indust22}, thege premiums suggest an expectation of
recouping such investments with even higher rates of profit in the {éjure

In addition to horizontal integratiofat the same stage of the food chaagquisition sttegies are
increasingly extending vertically (throughuitiple stagesand globally (into new national markets).
The goal of vertical integration is to own both the biotechnology research & development companies
that hold the patent protections for kegits, as well as the seed companies that sell the actual delivery
vehicle for these technologies. Global expansion has been facilitated by international trade agreement
that broke down previous national barriers to intellectual property protections,elpedl Iprivatize
seed markets in countries including China, Brazil and If@li&l]. Transnational corporations have
recently acquired, or formed joint vemes with, a number of seed companies in these emerging
mar ket s. The broad patent claims allowed by :
Agreement on TradRelated Intellectual Property Rights agreement, along with high research,
developmentiad legal costs for products that are eligible for such patents, serve as very strong barriers
to entry to smaller firmg42]. The top three seed firms currently control 85% of transgenic corn
patents, and 70%f noncorn transgenic plant patents in the US, for exanpp8. Although the
Gl obal South is the |l ocus of the majoritys of
dominated by firms from North America and Europe that utilize intellectual property protections to
exploit this wealttj25,44].

3. Methods
3.1. Approach

| examine consolidation in the global seed industry with the use of information graphics. By
representing the process visually, informatioapirics facilitate enhanced cognition. The principle
underlying this method is 'pfatentive processing,’ or the capacity of our sense of vision to take in
large amounts of information faster than could occur through paying conscious attention. For,example
it is far easier to distinguish differences highlighted by color, size, position or othatt@méve cues
than when they are simply numeric, as in a-teaded tabl§45]. Burdens on our shetéerm memories
are also reduced by showing both the whole and the part, or showing overall trends with more specific
details[15]. By denoting key g#erns within complex data sets in such a compact space, visualization
facilitates communication with much wider audiences, particularly those outside acddéinia
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Visualizations of data are increasingly (re)produced by newspapers, blogs and other forms of mass
communication, for exampla6].

3.2. Time Period

The time period for this study was sekttto begin in 1996, the year that paterdtected,
transgenic seeds were successfully commercialized on a large scale. This development triggerec
increasing rates of consolidation, as noted above. The study ends in the most recent calendar yea
2008. Asmall number of subsidiaries that were acquired by the largest firms before this time period,
and were involved in recent acquisitions, are also represented in the information graphics.

3.3. Data Sources

A key source of data was a chart producedhapPioneer HiBred Competitive Intelligence Group
in 2000 [47]. This information graphic depicts acquisitions and joint ventures of seed companies
involving the largest corporations, primarily in the {4890s. While it is not publiy accessible, the
Pioneer chart was briefly circulated in the sustainable agriculture community in early 2000. To reflect
the numerous changes that have occurred since, it was significantly revised and updated.

Additional data vere obtained from company press releases, annual reports and websites, as well as
trade publications, such as SeedQuUds8j. They were verified by a corroborating source if not
announced directly by the companies involved. The daitaction strategy involved reading relevant
documents produced by the largest global seed companies, and conducting keyword searches in sear
engines using company namesg(,6 Syngenta seéf8ynmggntisi seedodj oi
identify addtional documents. This information is therefore quite comprehensive with respect to the
largest firms, which are most active in mergers and acquisitions, as well as joint ventures and other
types of strategic alliances. It is likely to omit changes inmglvmany smaller, regional seed
companies, however. While there are hundreds of such companies in the US, they make up a ven
small and rapidly decreasing percentage of total seed sales, and most are developing close
relationships with the dominant firms $ecure access to transgenic tri€s.

3.4. Data Analysis and Display

To represent the pattern of consolidation over time, an animation of ownership changes during the
study period was produced with Sodigtwork Image Animator softwaif®0]. The data were coded
i n Paj ek 6 s[51Ndy Tormattong afl dirms as a numbered list of nodes (or vertices), and
ownership changes involving these firms in each year as a numbered list of arcs. The layout was
optimized using the MultiComponent Kamaldawai algorithm after initially placing the nodes in a
randomly distributed, circular formatids2,53], in order to show ownership relations with form and
spatial position. Addibnal refinements were also made, including encoding categories of firms by
color, and market share by size.

A more detailed, static view of ownership changes during this period was produced with
Omnigraffle 5.1, a diagramming and charting softwWarg. Each firm in this information graphic was
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labeled, which was not possible in the animation due to the large number of moving entities relative to
the dispay area. The animation data weraported into OmniGraffle after ceding it in DOT
languagg55]. Ownership relations were encoded in more detail to digish full and partial equity

Due to the dense amount of information displayed, separate graphics that focus on more specific
aspectsof the global seed industry structure were created. OmniGraffle was also used to create a
network diagram representing crdgensing agreements for transgenic seed traits.

4. Results and Discussion
4.1 Overview

Supplement 1 is an animation of indysthanges from 1996 to 2008. Each firm or subsidiary is
represented as a circle, and ownership connections, whether full or partial, are represented as gray line
Pharmaceutical/chemical companies are colored red, seed companies are colored blue,rand othe
companies, such as biotechnology firms, are colored yellow. The upper left shows the year in gray text
During the study period the firms that eventually became the largest acquired or created joint ventures
with more than two hundred firms. The entir@naation shows that the paoé the acquisitions was
fairly rapid in the late 1990s, slowed in the early 2000s (including a brief pause in 2003), but
accelerated again in the last five years.

Figure 2. Seed industry structure, 192908.
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Figure 2 provide more detail on changes occurring in the study period, with each firm labeled by
name. Parentheses are used to indicate nine transactions occurring before 1996. In addition, ful
ownership is represented with a solid line, while partial ownership issespesl with a dashed line.
Figure 2 indicates that while Monsanto has clearly been the most active in making acquisitions, all of
the largest firms have contributed to seed industry consolidation. This figure also shows some
connections between these kaynk through joint ventures.depict andliscuss these patterns in more
specific detail bel ow. I first describe the a
corporations during the study period. | then illustrate a web of agreemenrtssticense transgenic
seeds that link these firms. | follow this with profiles of two cooperatively owned, global seed
companies, as well as their ties to the Big Six. Finally, | discuss potential future trends and their
implications for renewable agritture.

4. 2. The Big Six o6Life Sciencebd Corporations

The decade of the 1990s saw numerous mergers between pharmaceutical and chemical companie
in order to take advantages of potential synefgeshese new congl omer ati ons
sciencé companies due to their focus on biotechn
and pharmaceutical and agricultural divisions werdiveed in a number of these corporatighg].
Monsaro, for example, merged with Pharmacia and Upjohn before a new Monsanto division focusing
on agriculture was completely wpoff. Syngenta resulted from a merger of the agribusiness divisions
of Novartis and Zeneca, but AstraZeneca, which focuses on pteutitals, remains a separate
company. Bayer acquired the agribusiness operations of Aventis (itself of merger of Hoechst, Schering
and Rhone Poulenc), but Sonéfventis is a financially distinct pharmaceutical company. By 2009,
six companies with chemitaand/or pharmaceutical company roots remained dominant in the
seed industry.

4.2.1. Monsanto

Monsanto was not heavily involved in the seed industry before thel®&@s, but is now the
worl déds | ar g el[9]t Pateneé tbchnolognep played a key role in this rapid takeover.
US-based Monsanto developed a leading position in transgenic traits through both research &
development, and acquisitions of biotechnology companies. In order verdiglese technologies to
farmers, as well as increase their access to germplasm, the company made additional acquisition
focused on seed companies, including more than 50 during the study period (Figure 3). Monsanto
executve Robert Fraley was quoted farm Journalat t he begi nning of thi
youbre seeing is not just a consolidation of s
chaij56l.0 Monsant o6s cammerciahtransgemicarhitg gaverthe corporation leverage
to vertically integrate industries both upstream and downstream of farmers, through acquisitions, joint
ventures and strategic alliances. One interesting example involves Cargill, a major spadyceith
few transgenic technologies. Cargill sold its international seed division to Monsanto and its North
American seed division to AgrEvo (later acquired by Bayer) in 1998. Cargill and Monsanto then
formed a $50 million joint venture in 1999 calledriResen. This allowed Cargill to obtain access to
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Monsantods transgenic seeds and other inputs |
processing aspects of food and ani mal feed pr
chaincl ustersdé that increasingly control[83har ket s

Figure 3. Monsanto seed company ownership ties.

Monsanto has spent billiong dollars to secure its place at the top of the seed industry, a critical
position due to the fact that it is the first link in the food chain. Some of their most expensive
acquisitions represented in Figure 3 have included Delta & Pine Land ($1.5B), Caégs | nt er n
Seed Division ($1.48B), Seminis ($1.48B), and
DeKalb Genetics Corporation was acquired for $2.5 billion in 1995, just before the beginning of the
study period. Monsanto licenses its seeiistita approximately 200 independent seed companies in the
US that sell corn or soybeans. The company expects seeds and licensed traits will provide 85% of
gross profits by 20157].

Acquisitions by Monsanto arexpanding to new types of firms, such as small commodity seed
companies, vegetable seed companies, and an increasing number of foreign seed companies. In 200
Monsanto formed American Seeds Inc. (ASI), a holding company focused primarily on acquiring
smal, regional corn and soybean seed firms. This strategy gives Monsanto access to more germplasm



