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1.  Introduction 

The growing dominance of genetically engineered (GE) crops in the United States and world agriculture is very apparent and important.  Indeed, there has been a dramatic increase in GE crops planted not only in the United States, but also in many other countries, and not only to grains and oilseeds, but now to a number of other crops as well.  Evidence is also beginning to surface that shows increasing yields, and reduced costs and risks associated with GE crops, as well as reduced or improved sustainability (reduced pesticide use).   Taken together, this technology is important which along with other crop improvement technologies (e.g., marker assisted breeding, etc.), will improve growth rates in productivity that will help feed the more rapidly growing growth in consumption.  As is well known, Monsanto, DuPont and others have each indicated their goals of doubling crop production and productivity growth rates by 2030 and Syngenta has recently indicated that “The 300 bushel-per-acre corn yield is now clearly in front of us (Pillar 2009). 
Firms in the agbiotechnology industry confront important strategic choices.  One is with respect to spending on research and development (R&D), how that money is spent, intellectual property (IP) protection strategy, as well as technology distribution strategies.  Different firms have taken clearly different approaches to these strategic decisions, particularly regarding R&D spending, and seed and trait distribution.  

Research to develop GM traits is high cost, very risky, takes a substantial amount of time to develop, and subject to a great deal of uncertainty regarding trait efficiency,  government approvals, market acceptability, and prospective impacts of competitor traits.  Thus, firms can spend in excess of $100 million to develop a trait and for varying reasons, not have it commercialized; or, traits may be developed that have a high degree of trait efficiency and if other sources of uncertainty are reconciled, may have substantial market penetration.  In part for these reasons, firms in this industry have substantial economies of scale due to the high costs of R&D.  As a result, there have been many mergers and acquisitions, and there are now fewer firms in some of these functional areas.     
These topics have evolved to be of particular importance for agriculture as it confronts understanding the structure and conduct of these industries.  Indeed, some of these issues have been subject to recent papers,
 some pending litigation
  and investigations,
 and has prompting a set of hearings by the Department of Justice on competition in agriculture markets.
  The purpose of this paper 

is to analyze the dynamics of R&D investments, and the structure of the seed distribution sector using novel data sets that have not been used before to describe competition in these industries.  

Several major themes are developed.  First, agbiotechnology companies make strategic choices with respect to how much money to spend on R&D, as well as the scope of R&D that is pursued.  Ultimately, the effect of these strategic choices results in a competitive environment at a later stage with more product choices, and greater innovations than would be the case otherwise.  Indeed, this evolution will be resulting in far greater choice sets for growers in the future than ever has been the case in the past.  Second, patents are typically received for the highly innovative research and novel products which serve the purpose of protecting Intellectual Property (IP), as well as providing incentives for firms to continue to develop new products and innovation.  Indeed, the IP and patent policy in the United States is long-lived and serves these important purposes.  Third, firms make decisions regarding its strategy for trait distribution and that includes licensing as well as marketing through their own germplasm.  Indeed, this choice should reflect the firm’s vertical and horizontal strategy.  As example, it is common knowledge that Monsanto has chosen a strategy of broad-scale licensing of its technology to other seed companies, and in some cases to its competitors.  This contrasts with others who focus more on marketing GE traits through their own germplasm.   
Finally, of utmost importance is the role of competition and choice for growers.  In the United States, growers have choices with respect to which crop to produce, whether to use conventional or GE varieties, the choice of amongst GE technologies, and choices amongst seed firms.  Indeed, this has been referred to a “hyper-competitive market” in which there is no shortage of choices for growers (Economist, p. 73).  This set of choices is important and is a product of the industry structure and competitive environment, and ultimately provides competitive pressures amongst firms and benefits to growers.  In most other countries growers do not have this broad array of choices which results from intense competition throughout the industry. 
2. Background to issues and Related Studies
2.1
R&D in Crop and Seed Technologies   
There are several breeding technologies including conventional breeding, marker assisted breeding and genetic engineering.  In some sense these can be competing technologies, or could be complementary.  In an ideal world different technologies would be applied for different though complementary purposes.  These vary with respect to cost, time and regulatory and market acceptance with conventional being least onerous and GE breeding more onerous.  Though much attention focuses on GE technology and related IP, marker assisted breeding is highly complementary.  In fact, marker assisted breeding combined with high-throughput seed chipping capabilities is thought to give Monsanto an advantage (Economist, 2009 p. 72).  Most companies have indicated their participation and use of each of these technologies as they look to improve crop performance.


GE traits are costly to develop and take an extended time.  Estimates are that it costs about $100 million to develop a GE trait (in the United States), including costs related to regulatory approvals.  Typically, it is thought the duration to create a GE variety is about 10 years, ranging from proof of concept through to the regulatory submission, and there is uncertainty throughout the development process (Monsanto 2004).  


Stacked traits have now emerged as being more advanced and capable of solving more than one crop problem.  In the most recent crop years, indeed triple and quad stacked traits dominated the market.  The data reported below indicates that shares for these were 46% in 2009 for corn.  Recently, stacking technology has become more important with not only triple and quad-stacked traits being routinely developed, but, now Smart-Stax (Monsanto’s new release which is said to have a 5-10% greater yield) is being commercialized that will have 8 traits stacked in one variety.  All of this is driven by the quest to improve seed technology, to economize on costs of regulatory approval, and distribution and to “pack as much technology into a seed as possible” (Economist p. 72).   

Other studies have addressed cost of private and public R&D (Fernandez-Cornejo, pp. 47-51).  Importantly, there has been a longer-term shift from public to private R&D expenditures on corn and soybeans.  However, of particular importance is the focus of those expenditures.  As we show below, agbiotechnology firms have taken different approaches in their research focus which has impacted their future competitiveness. 

2.2 Pate, and Intellectual Property Rights (IPR)
Without protection of new ideas, there is little incentive to spend time and money on researching a new process or product that would essentially be free for all to use or imitate.  Debates on the economics of property rights began in the mid-19th century (Giddings & Schneider, 1999).  
There are two key mechanisms that provide protection of IP in the seed sector.  These include the Plant Varietal Protection (PVPA) and Plant Patents.  The PVPA was authorized by Congress in 1970 and provides protection for varieties, however has both researcher and farmer exemptions.  The researcher exemption allows researchers to use plant varieties in their research, while the farmer exemption allows growers to re-use seed grown from prior year in subsequent year.  However, it precludes growers from selling seed to other growers.  In contrast, utility patents for plant varieties do not have either the researcher or grower exceptions which results in researchers being required to license varieties to use in their research and growers cannot reuse seed.  Utility patents involve publishing more exact information than does PVPA.  Thus, utility patents provide more protection for varieties than does the PVPA, but release more exact information.

After 1985, plant seed producers had two methods for variety protection, PVP (Plant Varietal Protection) and PUP (Plant Utility Patents) and could actually apply for both.  The joint application was resolved in 2001, where the Supreme Court in J.E.M. Ag Supply vs. Pioneer Hybrid International ruled that holding both concurrently was acceptable.  Dhar and Foltz indicate that following 2001, seed companies had several choices for protecting technology including, (i) Trade secrets kept in hybrids, ii) PVP certificates, iii) utility patents, and iv) some combination of these methods.(

The precedence for protecting intellectual property in agriculture seed and GE traits has evolved since 1970 (as described in Fernandez-Cornejo p. 19).  The system of IP protection is now comprised of Plant Variety Protection which provides breeders the right to market a new variety for 18 years, with exemptions as described above.   Utility Patents are also used for novel traits which allow patent holders to sue farmers and rivals for patent infringement.  Ultimately this is what encourages licensing agreements with growers, seed companies and in some cases competitors.  As indicated in Fernandez-Corneyo, both the legal interpretation and legislative actions contribute to an IP regime that provides an extensive set of incentives to develop new plant varieties.  

If innovation is to be encouraged, mechanisms have to exist to protect the intellectual value of the invention.  Without these protections, the future value of innovations would diminish, be more uncertain (because of the uncertainty of being able to protect the innovation) and would reduce incentives to invest in crop improving R&D.  Indeed, Monsanto (and presumably other agbiotechnoly companies) is said to defend its IP “fiercely” (Economist, p. 73).  In fact, it is the IP protections in North America, and a few other countries, that have encouraged most of the crop improvement innovations to be developed in these countries first.
2.3 Measures of concentration

A wave of mergers and acquisitions occurred in the U.S. crop seed sector in the second half of the 1990s which has resulted in a major change in the structure of these industries.  This is not unlike many other industries and sectors of the agricultural marketing system which experienced like structural changes.  Rausser, Scotchmer, and Simon (1999) posed motivations about mergers in the crop seed sector including to exploit complementarities of assets, to internalize spillovers, or to circumvent the impossibility of issuing complete and contingent contracts.  Most strategic prescriptions on vertical control is to pursue longer-term contracts (e.g. licensing agreements,) and only if these cannot be developed (i.e. primarily, due uncertainty, bounded rationality and opportunism which makes contracting difficult, to informational asymmetries, etc.) should vertical acquisitions be pursued.  


Agbiotechnology firms began purchasing seed firms because of the presumed need to own a seed firm as a mechanism for the sale of trait innovations (Chataway and Tait, 2000).  Coinciding with the first GM traits, agbiotechnology firms purchased seed firms that were leaders in corn and soybean sales, but acquisitions of seed firms did not stop agbiotechnology firms from further licensing their GM traits to independent seed firms (as described below).  Examples are: Monsanto acquired Dekalb Genetics Corporation, Cargill’s international seed business, and Plant Breeding International, while still licensing their traits to independent seed firms such as Pioneer and Golden Harvest (Chataway and Tait, 2000; Lemarie and Ramani, 2003);  DuPont purchased Pioneer Hi-Bred; Monsanto also acquired Asgrow (Kalaitzandonakes and Hayenga, 2000; Fernandez-Cornejo, 2004), Channel Bio Corporation (owner of two Iowa seed companies), Seminis (Monsanto, 2005), and Emergent (the 3rd largest cotton seed company in the United States with two brands in India) which allowed it to model its brands and licensing strategy in cotton similar to corn and soybeans (Howie, 2006).
  Because marketing of varieties to independent seed companies is an important element of a licensing strategy, the viability of this sector is critical for trait distribution on GE traits. 

Different measures of concentration have been used in this industry.  Traditionally, these include the number and market shares of firms (as we show below), using sales as a measure of output.  However, this type of data is not typically readily available so other measures have been used.  
Some have used market shares of patents or (APHIS) field trials as measures of market structure and prospective market power.  However, it is important to qualify the purpose and role of these data.  When a GE trait is under development its production is regulated.  Deregulation requires extensive data from field trials.  To do this, firms apply for field trial permits from APHIS which allows them to plant these regulated seeds.  Thus, by definition, firms that have large R&D in seeds and traits would eventually require approvals to plant field trials. 

Fernandez-Cornejo used APHIS field trial data to point to the growth in volume and diversity of GE traits.  In fact, he motivates this as a “measure of technical success of R&D efforts” (p. 53).   In contrast, Moss (p. 17) uses the same data to measure concentration appealing to a concept of “innovation competition” along with concentration in patent ownership to assess impacts of mergers.  The CR4 was of APHIS approvals was derived and indicated that the top 4 firms have 50% of field trials.  The conclusion was to suggest concentration in R&D is a result of barriers to entry.  The claim is that much of the concentration as measured by field trials reflects the cumulative effects of mergers and the “loss of competition in innovation may have weakened incentives to innovate and lowered the quality of innovation.”  P. 19.   Moss also uses this data (Moss, 2009 p. 17) to conclude that “concentration has increased in tandem with a period of vigorous merger activity in the 2000s (Moss, p. 19).

However, nothing exists in the APHIS procedure that creates a barrier to entry.  This is simply a product of earlier R&D strategies.  The more likely explanation of the APHIS field trial data relates to R&D activities of individual firms.  Those with larger R&D will have a larger number of traits under development.  As they approach the regulatory review process, they need to apply to APHIS for field trial permits.  Some of these will be approved, some not, and of those approved, some of the trials will be successful, some not, and of those that are successful, some may become deregulated and still others may be withdrawn from commercialization.  For these reasons, the APHIS data is a very imprecise measure of concentration, at best.   

A firm may have a large number of approved field trials on a trait and then find that it is not commercially acceptable, or it may not be deregulated, or the field trials may not be successful, nor gain approval by APHIS.  In these cases, the measure would inflate the prospective CR4 and suggest concentration in the industry, and subsequently that may not be the case.  This is exactly what happened in wheat.  Monsanto had a large concentration of the field trials, which would lead to the conclusion that there would be potentially (excessive) concentration in that crop.  For varying reasons, the trait was withdrawn and not commercialized.  This illustrates that use of field trials as a measure of concentration would lead to erroneous and incorrect conclusions regarding prospective concentration.  For this reason, it is not obvious this is the best measure of concentration in future output sales.   

Using this data, Moss claimed that Monsanto exercised market power to foreclose rivals and ultimately to slow the pace of innovation, adversely affecting prices, quality and choice for farmers and consumer of seed products (Moss 2009 p. 1).  The alleged causal connection is that the concentration in innovation as measured by APHIS permits for field trials along with patent data is a result of cumulative mergers and is an impediment to competition (i.e. barrier to entry).  This concentration reduces the quality of innovation in transgenic seed.  Further there would be fewer transgenic seed choices, and higher commodity prices (p. 16).  In summary, greater concentration affects the rate and quality of innovation, reduces the number of patents and results in fewer new transgenic products.  This conclusion differs from Fernandez-Cornejo.  They recognize the two conventional impacts of mergers, economies of scale and increase in market power.  Their empirical results for cotton and corn found that increasing concentration resulted in a cost-reducing effect (i.e. economies of scale) that prevailed over enhanced market power.  
Taken together, an alternative conclusion to this entire scheme is that the concentration of APHIS field trials is simply a product of the the timing and scope of earlier R&D expenditures.  
2.4 Commercialization Strategies:  Licensing and Stacking Traits
The vertical relationship between seed and agbiotechnology firms and how GE technology can be transferred from the innovator to downstream firms is important and highly strategic (Lemarie and Ramani, 2003).  Traits can be commercialized by issuing an exclusive license to one downstream seed firm or by issuing a non-exclusive license to numerous downstream firms.  These are important strategic choices of these firms.  Indeed the combination of using licensing versus vertical acquisitions is an important strategic choice.  Given the uncertainties impacting this choice, there is no doubt that the optimal combination of these would result in a portfolio of strategies (or tapered vertical integration) as a means to balance risks, costs and control.   

All of these firms have varying strategies to work with vertical and horizontal partners.  Syngenta recently indicated that it “has pursued a policy of working with everybody in the increasingly competitive biotech seed world.” (Pillar 2009).  It is also commonly recognized that on this spectrum of alternatives, that Monsanto has pursued a broad-based (Economist, p. 72) licensing strategy.  It includes licenses to growers through its own seed firms, to independent seed companies, and to its competitors.  This differs from other agbiotechnolgy companies who generally make more extensive use of marketing their GE traits through their own seed firms. 
An important element of licensing refers to trait stacking which involves inserting multiple GM traits into a single variety.   SEQ CHAPTER \h \r 1Companies may choose to stack their own traits into their own varieties (if they own a seed firm) and/or to license them out (out-license) to other seed firms or to other agbiotechnology companies.  It has been common for traits of one firm to be stacked by a seed company with traits of another agbiotechnology firm.  There are numerous examples now about trait stacking including SEQ CHAPTER \h \r 1: Pioneer HiBred International in-licenses the RR trait licensed from Monsanto and Herculex from Dow; Mycogen Seeds has a new “quad stack corn hybrid” that includes Heculex, RR, and LibertyLink; and DOW is stacking RR and Herculex. Other companies do this as well.  A recent example is DuPont and Syngenta who formed a venture to “out-license seed genetics and biotech traits.” 
Traditionally, stacked varieties contained two traits.  Use of herbicide tolerant (HT) and insect resistant (IR) stacked traits in corn and cotton has increased since their commercialization.  Monsanto offered a triple-trait stacked corn variety containing YieldGard® Plus (two traits to control corn borer and rootworm), as well as Roundup Ready® Corn 2 (YieldGard® Plus, 2004).  Indeed, Monsanto concluded that stacking traits is a critical element of their commercial strategies (Monsanto 2006b) and they are (in 2004) “offering more stacked-trait products this year than ever before” (Monsanto 2004b, p. 2).  Recently Monsanto is commercializing “Smart Stax” which contains eight traits and would be the new platform for commercialization.

There are numerous issues that impact these relationships.  Most important are distinctions between a company stacking traits in their own seed vs. out-licensing (examples of each exist), inter-agbiotechnology firm agreements allowing stacking, and whether the traits are complementary vs. competitive.  Restrictions that would apply to stacking traits would occur through the licensing agreement.  It would be rare that restrictions would be placed on complementary traits, but restrictions on competing traits are common.  There are also issues and claims regarding the execution of these licensing agreements.  It is important that the mere existence of a licensing agreement is a result of R&D expenditures that results in IP that is protected by a patent.  

Licensing is particularly critical to the independent seed companies (ISC’s).  Indeed, without aggressive broad based licensing of patented products, these (ISC) firms would have difficulty competing and would likely diminish due to not being able to compete with GE traited varieties.  Simply, licensing facilitates agbiotechnoly companies a mechanism of distributing their traits without owning seed firms for 100 percent of their planned output, which would be excessively costly, risky, unnecessary and strategically unwise. It is these licensing mechanisms which allow agbiotechology firms to simultaneously protect its IP, and to pursue strategies of partial vertical integration for seed and trait distribution.
2.5 Litigation Amongst Agbiotechnology Rivals 

Many of these issues are manifested now in a set of investigations and legal proceedings between two of the largest agbiotechnology companies, Monsanto and DuPont.   Briefly, the claim involves licensing and interpretation of licensing agreements and restrictions.  DuPont-Pioneer had an existing licensing agreement on Round-up Ready and was using it in their varieties.  Over time DuPont-Pinoeer planned to introduce Optimum GAT Herbicide Tolerance and indicated it would be more flexible and efficient than other traits.  Their plan would be to retire its RR varieties and replace them with Optimum GAT.  Subsequently, DuPont recognized that commercialization of Optimum GAT would be deferred because when used alone (i.e., not stacked with RR) it posed unacceptable risks to farmers.
  Finally, DuPont recently announced that commercialization of this trait would be deferred until the mid part of the next decade.

At issue are apparent restrictive covenants in the licensing agreement.  DuPont claimed that Optimum GAT for soybeans that includes the RR is a better product and thus should be allowed to stack these traits.  A “stacking restriction” contained in Monsanto’s licensing agreement precludes such practices.  DuPont claims it has this right, whereas Monsanto is of the view that this practice violates their contract and patent rights.  This submission does not seek to resolve this issue but instead to indicate the intensity of competition amongst these firms as they seek to execute licensing strategies.
3. R&D Investment, Future Traits and Innovation

3.1   Strategic investments in R&D 
There are a relatively small number of firms in the agbiotechnology industry in part due to their specialization but also due to the economies of scale in research and development.  These companies spend large amounts of money on research and development on technologies that take 10+years to develop and commercialize.  Hence, they make large front-end expenditures betting on a technology that will be competitive and generate returns for a period following commercialization.   For these reasons, IP protection is critical, without which the amount of investment in this type of R&D would be much less.
Agbioitehcnoloy companies are in-part research firms that invest money to create new products or platforms for crop production.  In this process, they make important strategic choices.  One is how much to spend on research. 
  Some firms simply budget a percent of their revenues to research whereas others budget research for specific projects (as allegedly claimed of Monsanto).  The other strategic choice is the scope of their research spending.  Ultimately, spending on R&D, over time results in new technologies, the prospect of patents, and in the case of GE traits, results in a process requiring extensive field trials and if approved, results in products that can be used internally or distributed externally.  The important point is that the scope of these strategic R&D decisions ultimately determines the commercial success of firms many years later.

The other strategic decision made by these companies is on the scope and direction of their R&D expenditures.  In this case, there is a clear difference between expenditures to develop agrochemicals versus investing in research to develop seeds and traits.  Indeed, in the evolving competitive environment amongst firms in this sector, the difference in scope of R&D impacts subsequent competitive rivalry.  In fact, this distinction has had a drastic impact on the structure and competitive environment now being observed in this sector.
Data on R&D by firm were assembled over time and used to depict the value and scope of these expenditures.
  Figure 1 shows a summary of these data.  Total expenditures from 1980-2007 are shown in real dollars and compared across focus of R&D expenditures, and firms.  As is very clear Bayer, Syngenta, BASF, DOW and DuPont were the firms that spent the most on agrochemicals R&D.  Expenditures in agrochemicals began to slow in about the late 1990s, and in fact declined during the most recent periods.  
  In total, these firms spent $47 billion ($15 billion 1980-1996) in chemistry to improve weed and insect control.  During the same period, Monsanto spent over $8 billion in Seed and Trait R&D to improve weed and insect control.  The firm with the next largest spending in this area was DuPont which was less than ½ of Monsanto’s.   

The firm with the largest expenditures on seeds and traits was Monsanto.  In fact, the Economist article suggested that Monsanto created this industrial sector by its focused spending. 
  DuPont’s spending in this focus area was comparable through 1996, but, at that time Monsanto made an apparent strategic choice to pursue seeds and traits aggressively.   And, it was only since the early 2000s that the other agbiotechnology companies appeared to shift their focus to include seeds and traits.  Monsanto made a major strategic decision to accelerate their spending on Seeds and Traits in 1996.  Similarly, other agbiotechnology companies increased spending on seeds and traits but did not do so until about the early 2000s.  As a result, Monsanto had a lead on its rivals by about 5-6 years.  Further, given it takes about 10+ years to develop and commercialized traits, these data suggest Monsanto would have a lead in the commercialization of new traits by about 5+years.  

In summary these data show that the competitors to Monsanto focused their R&D expenditures on agrochemicals until at least the early 2000s.  Since then, they have shifted with greater funds being directed to seeds and traits.  Monsanto spent lesser on agrochemicals, and more on seeds and traits; competitors were also spending on seeds and traits, though lesser, and lagged.  These results are not only strategically significant, but also provide a more likely explanation as to why Monsanto has a larger share of APHIS field trials than others.

3.2  Future traits

 A result of this competition has been an escalation in the number of choices available to farmers in the United States.  For illustration, the number of corn hybrids increased by 82 percent from 1998 to 2008; and the choice of soybean varieties increased by 14 percent (each including both biotech and non-biotech).   This observation differs from some claims that there has been reduced innovation in the seed sector.  

Another outcome of the competitive pressure that drives strategic choices is that there has been an escalation of the number and diversity of products developed and in varying stages of the process of being commercialized.  This has resulted in highly innovative product choices for growers and consumers and is a result of the competitive environment that drives R&D strategic choices.   This contrasts with the claim by Moss that the quality and quantity of innovation is reduced. 


GM soybeans were first offered in 1996 in limited amounts with about 17% of the area in 1997 and grew to 91% for 2009.  Corn did not reach 75% adoption till 2008.  In recent years there has been an escalation in the area planted to stacked traits, particularly for corn.  Further access to this technology by growers in the United States has allowed them a distinct first mover-advantage relative to growers in other countries.  The reason for this is that the protection of IP has encouraged firms to focus their research on traits that are in countries that have a high degree of IP protection.


One way to examine the prospective competitive environment is on planned or anticipated traits that are at varying stages of development, deregulation or pre-commercialization.  Data on these were assembled from various sources to illustrate the future competitive environment in traits and are shown in Table 1.
  Information provided in this table likely captures known traits under development, though it may not be exhaustive due to the anecdotal release of information related to trait development.  Nevertheless, it is certainly representative.
  These observations were also recently echoed by the President of Syngenta who indicated that “We’re heading into an era where there will be so many new technologies that the old standbys, like Roundup Ready, will gradually lose their hold and will be replaced by dozens of different options for the farmer (Pillar, 2009).  


The results illustrate a number of important points.  First, a large number of traits are anticipated to be commercialized in the next 10 or more years.  For corn and soybean, there are 21 and 22 new GM traits, respectively.  Second, in many cases the forthcoming traits would result in competing solutions for the same problem.  Third, some of these are producer traits, some are processor traits and others are consumer traits.  Though producer traits dominated early commercialization, as the market matures, focus of trait development has expanded to consumer and processor traits.  Fourth, a number of these are being developed jointly by multiple developers.  
The dynamics of R&D competition are clear when examining the anticipated timing of competing traits.  As examples:  1) several forms of HT being planned;  2) several forms of drought resistance being developed, with Monsanto potentially being first to market, followed by Syngenta and later by Pioneer/DuPont;  3)  Nitrogen use efficiency will be commercialized first by Monsanto, then Pioneer and Syngenta to follow.  Of course, there is uncertainty as to the exact timing which depends on trait review, deregulation and commercialization which will vary and have to adapt as these processes ensue.  There is an even more diverse set of traits to be commercialized for soybeans.  With these unique traits, they will ultimately provide choices to producers and compete for producer’s plantings and processors adoption.  

Finally, it is important that these are highly innovative and a result of the strategic choices made by competing agbiotechnology firms as much as 10 years earlier.  These innovations far exceed that which were available from conventional breeding and are a result of the benefits of GE technology, the competitive environment amongst firms and the protection of IP.  Indeed, prior to the advances in GE technology, at best seed and breeding firms sought advances in yields, and to a much lesser extent quality and the industry mostly relied upon targeted geographical purchases to improve product quality.  Thus, these innovations are a virtue of the technology, competition amongst firms and a result of their strategic R&D choices.
4.  Commercial Distribution Strategies and Concentration in Seed Sales

This section uses commercial data to describe measures of market structure in these industries.  Attention focuses on pricing, as well as market shares at the national, and sub-national levels. 
   
4.1 Trait Prices   
As a result of the wide array of choices, growers can choose the right products for their farming operations.   Concern is sometimes raised about trait pricing, and particularly in reference to differentials amongst alternative bundled products.  To illustrate current values, we created broad averages of these which are shown in Table 2.  

Results indicate that all seed prices have increased through time.  Conventional (non-traited) seed cost have the lowest price at 106$/acre in 2008.  In comparison, the average seed cost for traited corn was $155/acre.   While these increases are apparent, they are less than many of the other inputs in agriculture during the same period (e.g., fungicides and fertilizer increased 266% and 518% respectively during the period 2000-2009).  

The lower portion of the table shows average values for the most popular technology choices, including their market share.  It is clear that there is differentiation within this market, and grower’s choice of seed with more effective technology is apparent despite the higher price relative to other technology choices.  
4.2 National data on market shares  
 National market shares for corn seed sales are shown in Table 3 for the major firms (without attribution to specific firm names due to confidentiality).  Data in this table illustrates the source of growth by firm.  These are important since there have been claims that firms are monopolizing this industry through acquisitions and innovation concentration, and that independent seed companies are being eliminated.  

The results do not support these claims.  Firm 3 has grown its market share by 14% and a portion of this growth has been through acquisition.  Second, the loss in market share of the other three majors is apparent.  Finally, and of particular importance is the growth of the ISC (independent seed companies, or regional seed companies).  As illustrated here, their market share has grown by 10 percent.  
In summary, the losses to three of the firms were in part to another major, but also to the ISC’s.   Finally, the data do not support claims that consolidation has “eliminated the numerous independent seed companies” (Moss, p. 13).  In contrast, this sector has flourished, and in fact, is likely an important beneficiary of broad-based licensing to GM traits.
4.3 Crop Reporting District Results   
Competition for seed sales is ultimately at the sub-national level, and impacted by the competitive structure in individual regions.   This is a result of bundles of traits developed by vertically integrated seed companies as well as a product of licensing strategies of agbiotechnology firms and their licensees, including their own seed units, independent regional seed firms, as well as licenses to their competitors (as discussed above).

This section shows data on market shares (CR4) at the CRD (crop reporting district) level for the years, 1998 and 2008 (see Figures 2-7 for corn and soybeans and for changes through time).
  The results indicate that there is variability in the CR4’s across regions, and through time.  Of particular importance are that first, the CR4s in most regions are .5-.7 i.e., the top 4 seed selling firms have 50-70% of market which is comparable to many other segments of the agricultural marketing system.   Second, for both corn and soybeans, there have been changes from 1998 to 2008.  The average CR4 (i.e., average across CRDs) for corn changed from 83 to 76% between 1998 and 2008; the comparable values for soybeans indicated a change from 68 to 70%. 
  Specifically, the level of concentration has decreased in the case of corn indicating more competition in the more recent period.  That for soybeans was essentially unchanged. 
 The data were also summarized by measuring the number of seed firms in which producers purchased seed.  This data was only available at this level for 2008 at the CRD level.  See Figures 8 and 9.

Results illustrate a number of important facts.  First for most CRDs each of the major competitors are represented, including Pioneer, Monsanto, Syngenta and Mycogen.  Second, as is apparent, there is a positive relationship between the number of firms and the amount of production in each CRD (though not shown).  Simply, for CRDs with greater production, there are more firms that sell seed.  There is a minimum threshold of about 4 for each crop (there are only a few observations with fewer than 4 firms).  Third, and of particular importance, during 2008, farmers purchased corn seed from a minimum of 4-7 different companies in most CRDs with some of the CRDs with greater production having as many as 21-30 seed companies;  and purchased soybean seed from a minimum of 4-7 firms and larger producing regions had as many as 16-22 seed firms.  

Thus, even though the GE traits may be dominated by only a few firms, these results illustrate or suggest that there is fairly wide distribution of these traits.  The mechanism by which this occurs is through licensing.  It is critically important that Monsanto chose to broadly license its biotechnology traits, primarily to independent seed companies, as well as to a lesser extent its competitors.  This is not universally true across all agbiotechnology companies, but its impact is important since it provides choice to growers.  Indeed, had it not been for this broad based licensing strategy, there would be far fewer seed companies providing technologies to growers than is actually observed.
  

5. Summary and Discussion

Agbiotechnology has become very important to agriculture and its impacts are apparent.  It is particularly important in the United States which typically benefits first from the technology (in part due to its IP protection regime), has the greatest and fastest penetration of traits.  However, similar innovations are ensuing in other countries and crops.  Of importance is that through this technology, as well as others, the major agbiotechnology firms are of the view they can double yields by 2030.  


This has resulted in one of the major technological changes in agriculture in recent decades, and is resulting in a change in the structure of these industries.  Numerous changes are occurring and are being challenged in a number of fronts.  For purposes here, four sets of issues are of particular importance.  One is that there has been substantial growth in R&D expenditures in this sector.  Second, this growth has resulted in developing technology and Intellectual Property (IP) that needs protection.  In the United States there are several mechanisms in which IP can be fairly efficiently protected.  Third is that these industries have become more concentrated, in part, this is due to consolidation.  Finally, firms have pursued different strategies of distribution for its technologies.  Most important is that of licensing which is now common.  Some companies have pursued broader based licensing to seed companies, as well as its competitors, whereas others have pursued less broad-based strategies.  Ultimately, this is the mechanism that allows firms to protect its IP, and to induce investment in developing new technology.  Finally, some disputes are now erupting amongst firms regarding their interpretation of licensing agreements.   

The analysis in this paper uses novel data sets to illustrate a number of important points.  One is that while all agbiotechology firms have increased their R&D expenditures, there have been sharp differences in the scope of this spending.  Most of the firms were agchemcial companies and concentrated their spending on chemical solutions to crop production problems.  Monsanto, in contrast, was the first to shift their funding to “seeds and traits.”  This shift was very important strategically, and only later did some firms make like shifts.  However, this lag gave Monsanto a first-mover advantage in this technology.   Second, there are a large number of future traits that will be commercialized in the coming years.  Indeed, these traits are not dominated by any one firm, many offer competing solutions, some are focused on producers, but others on consumers and processing, etc.  These would be considered as highly innovative and a result of the competitive structural technical environment for this industry.

A third set of results are shown that depict industry concentration.  The results indicate that one firm grew its market share by 14% and a portion of this growth has been through acquisition.  The other three majors lost market share, but the ISC (independent seed companies) grew by 10%.  At the crop reporting district basis, the CR4s in most regions are .5-.7.   The average CR4 (i.e., average across CRDs) for corn changed from 83 to 76% between 1998 and 2008; the comparable values for soybeans indicated a change from 68 to 70%.  Finally, each of the major competitors is represented for most CRDs and during 2008, farmers purchased corn and soybean seed from and minimum of 4-7 different companies in most CRDs and over 20 seed firms in larger producing regions.

The regime of seed and traits has now evolved to be an important aspect of agriculture.  This has resulted in a high degree of choices for growers.  Since agbiotechnology firms have pursued licensing of traits to growers, seed companies and in some cases to competitors, the number of choices has escalated.  Growers have choices about what crops to grow, which technology to use, which companies’ technology to plant, and choices amongst competing seed firms.  This set of choices is critical and results in an intensely fierce competitive environment.  Indeed, if it were not for competitive battles in R&D spending, and broad-based licensing strategies, growers would have fewer choices, and the independent seed company sector would likely diminish in its role.  
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Table 1.  Traits in the Deregulation and Pre-Commercialization Phase

	Year
	Corn Traits
	Soybean Traits

	
	Developer
	Trait
	Trait Type
	Soybean

Developer
	Trait
	Trait Type

	2009
	Monsanto
	VT Triple Pro
	Production
	Bayer
	Liberty Link
	Producer

	
	
	
	
	Monsanto
	RR2
	Producer

	2010
	Syngenta
	Broad Lep MIR 162 
	Production
	Pioneer/

DuPont
	High Oleic

	Consumer

	
	Monsanto/

DOW
	Smart-Stax
	Production
	Monsanto
	High Stearate 

	Consumer

	
	Syngenta
	Corn Amylase
	Processor
	Pioneer/

DuPont
	GAT/Glyphosate-ALS
	Producer

	
	Monsanto/

BASF
	Drought Tolerant
	Producer
	Monsanto
	Omega-3
	Consumer

	2011
	Syngenta
	Drought Tolerant
	Producer
	Bayer
	Glyphosate & isoxazole tol. 
	Producer

	
	Monsanto/

BASF
	High yield
	Producer
	Monsanto, Pioneer/DuPont
	High Beta-Conglycinin
	Consumer

	
	Pioneer/

DuPont
	Increased yield
	Producer
	
	High Stearate
	Consumer

	
	Pioneer/

DuPont
	Improved feed
	Processor
	Pioneer/

DuPont
	Low-Phytate 

	Consumer

	
	DOW
	Herbicide Tol
	Producer
	Monsanto
	High-oil soy
	Consumer

	
	Syngenta
	RW Dual Mode of Action
	Producer
	
	Dicamba Tolerant

	Producer

	
	Pioneer/

DuPont—12/4/09
	Optimum HT
	Producer
	
	Low Sat

	Consumer

	
	Pioneer/

DuPont
	Triple-mode Herb. Tol.
	Producer
	
	Bt/RR2Y

	Producer

	
	Monsanto/

BASF
	Nitrogen Utilization
	Producer
	
	Modified 7S Protein FF
	Consumer

	
	Syngenta
	Increased Ethanol
	Processor
	
	Omega-3
(EPA/DHA
	Consumer

	
	Pioneer/

DuPont
	Nitrogen Utilization
	Producer
	DOW
	Herbicide tol.: 2,4-D and aryloxyphenoxy propionate herbicide
	Producer

	
	Pioneer/

DuPont


	Drought

Tolerance
	Producer
	Monsanto/

Pioneer
	Disease

	Producer

	201X
	BASF
	Improved feed
	Processor
	
	Soybean Cyst Nematode
	Producer

	
	Pioneer/

DuPont
	Increased Ethanol
	Processor
	
	Rust
	Producer

	
	Syngenta
	Insect Traits
	Producer
	Syngenta
	Disease Resistance                
	Producer

	
	Syngenta
	Nitrogen Utilization 
	Producer
	Monsanto/

Pioneer
	Disease Resistance
Soybean Cyst  Nematode

	Producer


Source:  Adapted from industry sources, and as summarized recently by Sipple at the CNMA (available at  http://www.canadagrainscouncil.ca/public/CGCDocument/www_view_public?dgid=2).  The estimated commercialization pipeline of corn and soybean biotech events was prepared by the U.S. Grains Council and the American Soybean Association,  November 2007. Updated March 2009.
Table 2.  Values for Conventional and Traited Corn Varieties ($/unit)
	
	2004
	2008
	Change (%)

	Conventional
	83
	106
	27

	Traited
	97
	155
	59

	Most Popular Choice (by acres planted) Inclusive or Triple and Quad Stacked Traits
	% of Acres

	Trait 1
	
	171
	43

	Trait 2
	
	161
	20

	Trait 3
	
	147
	19

	Non-traited 
	
	113
	13


Source:  Derived from data contained in dmrkynetec.
Table 3.  Changes in Corn Market Shares:  1998 and 2008

	Company/Brand
	

Change

	Firm 1
	-10

	Firm 2
	+14

	Firm 3
	-9

	Firm 4
	-5

	Independent (or Regional) Seed Cos (ISC’s)
	+10


Source:  Derived from data contained in dmrkynetec.  
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Figure 1.  R&D on Agrochemicals and Seed and Traits, Total 1980-2007 (2005=100). 
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Figure 2.  Corn 4 Firm Market Shares for Expenditures, 1998.
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Figure 3.  Corn 4 Firm Market Shares for Expenditures, 2008.
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Figure 4.  Change in Corn 4 Firm Market Shares for Expenditures, 2008-1998.
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Figure 5.  Soybean 4 Firm Market Shares for Expenditures, 1998.
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Figure 6.  Soybean 4 Firm Market Shares for Expenditures, 2008.
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Figure 7.  Change in Soybean 4 Firm Market Shares for Expenditures, 2008-1998.
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Figure 8.  Corn Seed Firms by Crop Reporting District.
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Figure 9.  Soybean Seed Firms by Crop Reporting District.
� See for example, Fernandez-Cornejo (2004), Moss (2009) amongst others, and was the topic of an August 2009 conference sponsored by the Organization for Competitive Markets (� HYPERLINK "http://www.competitivemarkets.com/index.php?option=com_content&task=view&id=1&Itemid=5" �http://www.competitivemarkets.com/index.php?option=com_content&task=view&id=1&Itemid=5�).�


� See � HYPERLINK "http://www.monsanto.com/dupont-youbethejudge/" �http://www.monsanto.com/dupont-youbethejudge/� and Pioneer (2009) for a review of recent litigation. 


� In October 2009, the Department of Justice initiated an investigation of Monsanto, particularly regarding antitrust rule.  Monsanto has indicated it has done nothing illegal and is cooperating with the DOJ (AgWeek 2009).





� See http://localfoods.wordpress.com/2009/11/18/dept-of-justice-announces-agriculture-competition-workshop-dates. 


� A listing (selected) of Monsanto’s acquisitions is contained in Bell and Shelman (2006, p. 23) and in Fernendez-Cornejo (2004, p. 34).  


� For a complete set of references on this issue, see:  � HYPERLINK "http://www.monsanto.com/dupont-youbethejudge/" �http://www.monsanto.com/dupont-youbethejudge/�  


and  http://www2.dupont.com/Media_Center/en_US/daily_news/may/article20090506a.html





� While others (e.g., Fernandez-Cornejo; Moss) make extensive discussion on public and private R&D, generally that data is dated, and importantly has not been separated by focus of the R&D expenditures.   


� The data presented in this section is novel and has not been shown before.  It was assembled over time from a number or sources.  The R&D data is a combination of:  1) 1998 to present was taken from Phillips MacDougal and (2) pre-1998 was from an interview with a major agbiotechology firm on competitor spending on R&D.  





� Monsanto claims that they pioneered the “seeds and trait” evolution which has been a pillar for their strategy and is now being adapted by rivals (Monsanto 2004b, p. 1).  This is a strategy that is now being adapted by rivals (Monsanto 2004b p. 1).





� Tables and Figures are shown at the end of this document.





�   Commercialization depends on many factors, including successful conclusion of regulatory process.  The release of DuPont’s Optimum HT was moved to the mid-decade based on the recent announcement by DuPont (12/4/09).   





� The data presented in this section were from dmrkynetec.  Specifically, the data used for the calculations in 4.1 and 4.2 were derived from this data; and the maps and figures shown in sections 4.3 were derived from data from the dmrkynetec data.  


 


�   Values shown in white indicate data were missing or not reported for 1 or both years from that CRD.  


� Some CRDs had missing values and these were excluded from this derivation.  These figures are simple averages; and the results were comparable with weighted by total expenditures.





� Specifically, data from dmrkynetec were grouped with seed companies with common ownership being treated as a single company (e.g., all Monsanto owned brands were only counted once).  
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Chart7

		Total, Syngenta companies		Total, Syngenta companies

		Total, DuPont companies		Total, DuPont companies

		Total, Bayer companies		Total, Bayer companies

		Total, Dow companies		Total, Dow companies

		Total, BASF companies		Total, BASF companies

		Total, Monsanto companies		Total, Monsanto companies



Seed Trait

Agrochemicals

Exp. 1980-2007 ($Mil 2005=100)

5534.86426343

15897.5040071404

4630.3948132803

7226.2073987117

2345.1258350422

20768.7501808492

1531.8607953826

7146.117525768

1282.8524423931

8565.0608629573

9313.3156577946

4316.7595578886



R&D CCP

		R&D expenditure on Conventional Agrochemicals ($m.)

				1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007				Total

		Syngenta		180		197		182		188		195		274		308		380		430		495		532		553		573		557		508		592		633		648		643		659		481		458		425		454		499		509		480		496		Syngenta		12529

		Zeneca																																						268		297																		Zeneca

		Novartis																																						375		362																		Novartis

		Monsanto		88		118		110		108		124		110		135		141		153		162		151		146		152		152		141		153		170		180		150		100		68		60		40		35		35		35		40		40		Monsanto		3097

		DuPont		120		127		131		127		145		142		140		178		196		246		254		248		278		275		185		205		258		198		280		235		180		180		185		195		215		215		200		205		DuPont		5543

		Bayer		310		306		310		331		320		410		461		555		507		575		612		616		595		578		640		748		765		739		742		695		620		607		665		736		731		694		670		726		Bayer		16264

		Aventis																																								415		380		346														Aventis		1141

		Rhone Poulenc																																						181																				Rhone Poulenc		181

		AgrEvo																																						281																				AgrEvo		281

		Dow		114		118		104		111		127		133		147		184		191		194		194		194		188		182		205		246		255		281		321		260		233		220		208		220		245		235		235		245		Dow		5590

		Rohm & Haas																																						55		50		48																Rohm & Haas		153

		BASF		90		87		89		83		91		112		129		163		180		209		219		212		218		230		299		332		348		387		375		343		365		309		270		270		339		376		419		449		BASF		6993

		Cyanamid																																						162		145																		Cyanamid

								Nominal

				1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007						Total

		Real GDP		47.751		52.225		55.412		57.603		59.766		61.576		62.937		64.764		66.988		69.518		72.201		74.76		76.533		78.224		79.872		81.536		83.088		84.555		85.511		86.768		88.647		90.65		92.118		94.1		96.77		100		103.257		106.214

				1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007				Total

		Syngenta		377		377		328		326		326		445		489		587		642		712		737		740		749		712		636		726		762		766		752		759		543		505		461		482		516		509		465		467		Syngenta		15898

		Monsanto		184		226		199		187		207		179		215		218		228		233		209		195		199		194		177		188		205		213		175		115		77		66		43		37		36		35		39		38		Monsanto		4317

		DuPont		251		243		236		220		243		231		222		275		293		354		352		332		363		352		232		251		311		234		327		271		203		199		201		207		222		215		194		193		DuPont		7226

		Bayer		649		586		559		575		535		666		732		857		757		827		848		824		777		739		801		917		921		874		868		801		699		670		722		782		755		694		649		684		Bayer		20769

		Aventis																																								478		429		382														Aventis		1289

		Rhone Poulenc																																						212																				Rhone Poulenc		212

		AgrEvo																																						329																				AgrEvo		329

		Dow		239		226		188		193		212		216		234		284		285		279		269		259		246		233		257		302		307		332		375		300		263		243		226		234		253		235		228		231		Dow		7146

		Rohm & Haas																																						64		58		54																Rohm & Haas		176

		BASF		188		167		161		144		152		182		205		252		269		301		303		284		285		294		374		407		419		458		439		395		412		341		293		287		350		376		406		423		BASF		8565

								Real

								2005=100

								Implicit GDP Deflator
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DuPont

Bayer

Aventis

Rhone Poulenc
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Dow

Rohm & Haas

BASF

R&D CCP Expenditures ($ Mil.)
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R&D SeedTrait
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Bayer
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R&D CCP Expenditures ($ Mil. 2005=100)
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Monsanto Seed Trait
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Total 1980-2007 ($ Mil.)
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Total

Total 1980-2007 ($ Mil. 2005=100)



		R&D expenditure on Seed and Traits ($m.)

						1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		TOTAL

		Syngenta																																												264.00		265.00		272.00		273.00		310.00		313.00		306.00		334.00		2337.00

		Zeneca																2.00		13.00		16.00		16.00		16.00		23.00		27.00		29.00		24.00		22.00		151.00		200.00		91.00		126.00																		756.00

		Novartis																																				36.00		56.00		0.00		0.00																		92.00

		Sandoz				27.34		28.78		23.72		10.43		26.55		31.53		29.68		38.44		36.43		44.31		71.30		67.53		74.78		76.74		78.20		82.05

		Fredonia (1988)		sold to sandoz seeds - merged with CIBA seeds to become Novartis																																																										0.00

		Cokers Pedigreed (1988)		purchased by Northrup King																																																										0.00

		Hilleshog (1989)		sold to sandoz seeds - merged with CIBA seeds to become Novartis																																																										0.00

		Vaughan's Seeds (1989)		flowers																																																										0.00

		Eridania Beghin-Say (1999)		19 million US		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.02		0.02		0.02		0.02		0.02																		0.24

		Agritrading (1998)		Privately held Italian company; no terms or sales figures available																																																										0.00

		CC Benoist (1998)		French grain seed company; minority interest; no terms or sales available																																																										0.00

		Emergent Genetics Vegetable		undisclosed purchase price but sales in 2005  US17million																																						0.12		0.12		0.13		0.14		0.15		0.15		0.16		0.17						1.14

		Conrad Fafard (2006)		133.5 million		0.04		0.04		0.04		0.04		0.04		0.05		0.05		0.05		0.05		0.06		0.06		0.06		0.07		0.07		0.07		0.08		0.08		0.08		0.09		0.09		0.10		0.10		0.11		0.11		0.12		0.13		0.13				2.00

		Zeraim Gedera (2007)		acquired for 95 million; annual sales $33M		0.08		0.09		0.09		0.10		0.10		0.11		0.11		0.12		0.12		0.13		0.14		0.15		0.15		0.16		0.17		0.18		0.19		0.20		0.21		0.22		0.23		0.24		0.26		0.27		0.28		0.30		0.31		0.33		5.03

		Fischer (2007)		aquired for 67 million; sales of $86M		0.23		0.24		0.25		0.26		0.28		0.29		0.31		0.32		0.34		0.36		0.38		0.40		0.42		0.44		0.46		0.49		0.51		0.54		0.57		0.60		0.63		0.67		0.70		0.74		0.78		0.82		0.86				12.89

		Maisadour		joint venture																																																										0.00

		Maisadour Semences (1998)		joint venture																																																										0.00

		Garst (Advanta corn & soy)		2003 sales of 158 million		0.47		0.50		0.52		0.55		0.58		0.61		0.64		0.67		0.71		0.75		0.79		0.83		0.87		0.92		0.96		1.02		1.07		1.12		1.18		1.25		1.31		1.38		1.45		1.53										21.67

		Dia Engei (2004)		sold for an undisclosed amount sales in 2003 were 8 million USD; founded 1989																				0.04		0.04		0.04		0.05		0.05		0.05		0.05		0.06		0.06		0.06		0.07		0.07		0.07		0.08		0.08										0.86

		Greenleaf Genetics		0 R&D license other traits																																																										0.00

		Golden Harvest (2004)		acquired for 180 million		0.05		0.06		0.06		0.06		0.06		0.07		0.07		0.08		0.08		0.08		0.09		0.09		0.10		0.10		0.11		0.11		0.12		0.13		0.13		0.14		0.15		0.15		0.16		0.17		0.18								2.60

		Ciba																2.00		13.00		16.00		16.00		16.00		16.00		16.00		20.00		17.00		16.00

		ICI														1.00		3.00		5.00		15.00		60.00		80.00		80.00		80.00		80.00		80.00		80.00

		Total, Syngenta companies				28.21		29.70		24.69		11.45		27.62		33.66		37.87		70.69		84.75		137.74		184.80		188.11		199.44		207.50		201.04		201.99		189.04		258.15		93.38		128.51		266.62		267.76		274.90		276.06		311.52		314.41		307.31		334.33		3231.44

																																																														0.00

		DuPont				9.6		10.16		10.48		10.16		11.6		11.36		11.2		14.24		15.68		19.68		20.32		19.84		22.24		22		14.8		16.4		20.64		15.84		16.63		17.46		104.00		130.00		255.00		270.00		312.00		340.00		350.00		415.00		2486.34

		Pioneer total R&D				12.00		13.00		19.00		25.00		28.00		36.00		46.00		48.00		53.00		66.00		72.00		79.00		92.00		105.00		114.00		130.00		136.00		130.00		124.00		120.00																		1448.00

		Verdia		acquired from Maxygen for $64M, 2004																																				0.28		0.72		1.61		3.85		5.40		6.20		5.69		5.33								29.08

		Solae		joint venture between dupont and bunge formed in 03																																																										0.00

		Hybrinova		French wheat company purchased 1998; no terms (30 employees)																																																										0.00

		Protein Technologies		sold to Dupont for 1.5 billion in 1997		0.63		0.66		0.69		0.73		0.77		0.81		0.85		0.90		0.95		1.00		1.05		1.10		1.16		1.22		1.29		1.35		1.43		1.50																						18.08

		Sementes dois Marcos		small private Brazilian company purchased 1998; no terms																																																										0.00

																																																														0.00

		Total, DuPont companies				22.23		23.82		30.17		35.89		40.37		48.17		58.05		63.14		69.63		86.68		93.37		99.94		115.40		128.22		130.09		147.75		158.07		147.62		141.35		139.07		107.85		135.40		261.20		275.69		317.33		340.00		350.00		415.00		3981.50

		Bayer				0.00		0.00		0.00		0.00		0.00		1.00		6.00		14.00		14.00		10.00		13.00		13.00		13.00		13.00		15.00		20.00		24.00		27.00		39.00		95.00		0.00		0.00		75.00		85.00		112.00		131.00		100.00		145.00		965.00

		Aventis																																								0.00		50.00		70.00		85.00														205.00

		Rhone Poulenc																2.00		8.00		7.00		7.00		10.00		10.00		10.00		10.00		10.00		10.00		12.00		12.00																						108.00

		AgrEvo				0.00		0.00		0.00		0.00		0.00		1.00		2.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		5.00		10.00		12.00		15.00		15.00		45.00																		126.00

		Hoechst				1.00		1.00		1.00		1.00		1.00		1.00

		Schering				1.00		1.00		1.00		1.00		1.00		1.00

		Stoneville Pedigreed Seed		purchased from Monsanto for 310 billion		0.08		0.08		0.09		0.09		0.10		0.10		0.11		0.11		0.12		0.12		0.13		0.14		0.14		0.15		0.16		0.17		0.18		0.19		0.20		0.21		0.22		0.23		0.24		0.25		0.27		0.28		0.29		0.31		4.73

		Nunhems		acquired by Hoecsht in 1986																																																										0.00

		SeedEx		korean company purchased by nunhem in 2007; no terms																																																										0.00

		Paragon Seed		sales of 8.5 mil in 2006; lettuce company founded 1994																														0.05		0.05		0.05		0.05		0.06		0.06		0.06		0.07		0.07		0.07		0.08		0.08		0.09				0.84

		Plant Genetic Systems		acquired by Hoecsht in 1995; $550M for 75% stake								24.38		25.67		27.02		28.44		29.94		31.51		33.17		34.92		36.75		38.69		40.73		42.87		45.13		47.50		50.00																						536.71

		Sunseeds		acquired by Nunhems in 1998; no terms/sales																																																										0.00

		Leen De Mos		AgrEvo purchased in 1998; no terms; 50 employees																																																										0.00

		Granja		Brazilian rice company acquired by AgroEvo in 1998; no terms																																																										0.00

		ProAgro		Indian rice company acquired by AgrEvo in 1999; 600 employees; no terms																																																										0.00

		RioColorado		California-based onion company acquired in 1999; no terms																																																										0.00

		Associated Farmers Delinting		11.4 million purchase price		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01						0.17

		California Planting Cotton seed		combined purchas price for Cal Planting Cotton Seed and		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.02		0.02		0.02		0.02		0.02		0.02				0.30

		Reliance Genetics		Reliance Genetics was 20 million																																																										0.00

																																																														0.00

		Total, Bayer companies				2.09		2.09		2.10		26.48		27.77		31.13		38.56		55.06		55.64		53.31		61.06		62.91		64.85		66.89		73.09		85.36		95.75		104.26		54.27		190.29		70.30		85.32		75.34		85.35		112.37		131.39		100.40		145.31		1946.74

		Dow				0.00		0.00		0.00		0.00		0.00		2.00		3.00		6.00		9.00		9.00		12.00		13.00		14.00		32.00		30.00		33.00		36.00		36.00		30.00		30.00		65.00		83.00		80.00		80.00		90.00		105.00		115.00		155.00		1068.00

		Rohm & Haas		seed business terminated in 1986		1.13		1.25		1.68		1.87		1.92		2.06		2.23																																												12.14

		Dow Elanco																						4.00		5.00		8.00		12.00		12.00		12.00		12.00		12.00		12.00																						89.00

		Mycogen														2.00		3.00		5.00		5.00		5.00		7.00		5.00		2.00		20.00		18.00		21.00		24.00		24.00																						141.00

		United AgriSeeds		purchased 1987 for $45M; sales $30M		2.10		2.21		2.32		2.44		2.57		2.71		2.85		3.00																																										20.19

		Morgan Seeds		argentina; purchased 1996; $27.4M; sales of $25M		0.01		0.01		0.01		0.01		0.01		0.01		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.03																										0.28

		Dinamilho		purchased 1998; $32M		0.01		0.01		0.01		0.01		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.03		0.03		0.03		0.03		0.03																				0.40

		FT Biogenetica de Milo		purchased 1998; no terms																																																										0.00

		Hibridos Colorado		purchased 1998; terms not disclosed																																																										0.00

		Triumph Seeds		purchased 2008; terms not disclosed																																																										0.00

		Empresa Brasileira de Sementes		purchased 2000; terms not disclosed																																																										0.00

		Cargill Hybrid Seed		purchased 2000 for $650M; sales $106M		0.40		0.42		0.44		0.47		0.49		0.52		0.54		0.57		0.60		0.63		0.67		0.70		0.74		0.78		0.82		0.86		0.91		0.96		1.01		1.06																		13.60

		Agromen Tecnologia Ltda		purchased 2007; no terms																																																										0.00

		Maize Technologies International		founded 1998, purchased 2007; no terms																																																										0.00

		DuoMaize		purchased 2007; no terms																																																										0.00

		Total, Dow companies				3.65		3.91		4.47		4.81		5.01		9.32		11.66		14.61		14.64		18.67		24.71		26.75		28.79		64.83		60.87		66.92		72.94		72.99		31.04		31.06		65.00		83.00		80.00		80.00		90.00		105.00		115.00		155.00		1344.62

		BASF		40% purchase of Svalőf Weibull in 1998		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		15.76		16.59		17.46		18.38		19.34		20.36		21.43		22.56		23.75		25.00		65.00		70.00		68.00		85.00		93.00		112.00		138.00		180.00		1011.63

		Cyanamid				5.79		6.10		6.42		6.75		7.11		7.48		7.88		8.29		8.73		9.19		9.67		10.18		10.72		11.28		11.88		12.50

		ExSeed Genetics (2000)		founded 1994; 50 employees; terms not disclosed

		DNA Landmarks (founded 1995)

		Total, BASF companies				5.79		6.10		6.42		6.75		7.11		7.48		7.88		8.29		8.73		9.19		25.43		26.77		28.18		29.66		31.22		32.86		21.43		22.56		23.75		25.00		65.00		70.00		68.00		85.00		93.00		112.00		138.00		180.00		1011.63

																																										1980 - 1997 Subtotals

																																						Syngenta				2116.45

																																						DuPont				1498.60

																																						Bayer				908.39

																																						Dow				509.52

																																						BASF				291.85

						1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007				Total 1980-2007				Seed Trait		Agrochemicals

				Total, Syngenta companies		28.2145147068		29.699489165		24.6888692675		11.4450828785		27.62148456		33.6564095851		37.8739484281		70.6882136891		84.7465961271		137.7385103286		184.8022699466		188.1126507993		199.4411573594		207.4961532967		201.0389153929		201.9917311788		189.0425780289		258.1500821357		93.3819616937		128.5073280987		266.6192927354		267.7571502478		274.9022634188		276.055014125		311.5210675		314.41165		307.307		334.33		Total, Syngenta companies		3231.439418801		Total, Syngenta companies		3231.439418801		12529

				Total, DuPont companies		22.2271805028		23.820190003		30.1749368452		35.8915124687		40.3700131249		48.1705401315		58.0532001384		63.1381054089		69.6253741146		86.6751306469		93.3675059441		99.9426378359		115.4006714062		128.221759375		130.0860625		147.75375		158.065		147.6157		141.3527		139.073		107.8534		135.4044		261.2005		275.6889		317.3294		340		350		415		Total, DuPont companies		3981.5015704462		Total, DuPont companies		3981.5015704462		5543

				Total, Bayer companies		2.0860393108		2.0905676956		2.0953344164		26.4841009731		27.7727378664		31.1291977541		38.5570502675		55.0600529131		55.6421609612		53.3075378539		61.060566162		62.9058591179		64.8482727557		66.8929186902		73.0916485362		85.3596300381		95.7469789874		104.2599778815		54.2736609279		190.2880641346		70.3032254049		85.3191846367		75.3359838281		85.3536671875		112.37228125		131.391875		100.4005		145.31		Total, Bayer companies		1946.739074551		Total, Bayer companies		1946.739074551		16264

				Total, Dow companies		3.6479954981		3.9067699062		4.4733060477		4.8066176175		5.0093468472		9.3177616135		11.6599431481		14.6075688067		14.6395461123		18.673206434		24.7086383515		26.7459351069		28.7851948494		64.8265208941		60.8700219938		66.915812625		72.9376975		72.98705		31.039		31.06		65		83		80		80		90		105		115		155		Total, Dow companies		1344.6179333519		Total, Dow companies		1344.6179333519		5590

				Total, BASF companies		5.791140377		6.0959372389		6.416776041		6.7545010958		7.1100011535		7.4842117405		7.8781176216		8.2927553911		8.7292162012		9.1886486328		25.4284969619		26.7668389072		28.1756199023		29.6585472656		31.2195234375		32.86265625		21.434375		22.5625		23.75		25		65		70		68		85		93		112		138		180		Total, BASF companies		1011.6315303808		Total, BASF companies		1011.6315303808		6993

				Total, Monsanto companies		38.378266459		51.2797892968		49.457672944		49.160458099		55.4583769463		54.4489544172		59.5475860181		67.0153754508		72.9207257377		78.6575534081		84.4561614822		89.9997489287		101.7913146618		111.4171733282		113.9709719244		116.2584441309		139.7433096115		626.6744574858		541.6951131429		684.3411190978		617.0628095767		596.6000627123		563.4906975919		550.8295764125		591.93760675		632.506165		731.7957		770.1		Total, Monsanto companies		8162.4624356145		Total, Monsanto companies		8162.4624356145		3097

				Deflator		47.751		52.225		55.412		57.603		59.766		61.576		62.937		64.764		66.988		69.518		72.201		74.76		76.533		78.224		79.872		81.536		83.088		84.555		85.511		86.768		88.647		90.65		92.118		94.1		96.77		100		103.257		106.214

						1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007				Total 1980-2007				Seed Trait		Agrochemicals

				Total, Syngenta companies		59.0867514958		56.8683373193		44.5550950471		19.8689007144		46.2160501958		54.6583239981		60.1775560133		109.1473869574		126.5101154342		198.1335917728		255.9552775538		251.622058319		260.5949817195		265.2589400909		251.7013664274		247.7331867871		227.5209152091		305.3043369827		109.2046189306		148.1045179083		300.7651615231		295.3746831195		298.4240467865		293.3634581562		321.919052909		314.41165		297.6137211037		314.7701809554		Total, Syngenta companies		5534.86426343		Total, Syngenta companies		5534.86426343		15898

				Total, DuPont companies		46.5480942867		45.6107036917		54.4555995908		62.3084083618		67.5467876802		78.2294077749		92.2401769045		97.4895086913		103.937084425		124.6801269411		129.3160841874		133.6846413001		150.7855061297		163.9161374706		162.8681671925		181.2128998234		190.2380608511		174.5795044646		165.303528201		160.2814401623		121.6661590353		149.3705460563		283.5499033848		292.9743889479		327.9212565878		340		338.9600705037		390.7206206338		Total, DuPont companies		4630.3948132803		Total, DuPont companies		4630.3948132803		7226

				Total, Bayer companies		4.3685772253		4.0030018107		3.7813730175		45.9769473345		46.4691260356		50.5541083443		61.2629300213		85.016448819		83.0628783681		76.6816333236		84.5702499439		84.143738788		84.7324327489		85.514571858		91.5109782354		104.6894991636		115.2356284752		123.3043319514		63.4698002923		219.3067307471		79.306942598		94.1193432286		81.7820445821		90.7052786265		116.1230559574		131.391875		97.233601596		136.8087069501		Total, Bayer companies		2345.1258350422		Total, Bayer companies		2345.1258350422		20769

				Total, Dow companies		7.6396211558		7.4806508496		8.0728110296		8.3443876491		8.3815996507		15.1321320214		18.5263726395		22.555075052		21.8539829705		26.8609661296		34.2220168025		35.7757291424		37.611481125		82.8729301673		76.2094626324		82.0690402092		87.7836721308		86.319023121		36.2982540258		35.7966070441		73.3245343892		91.5609487038		86.8451334158		85.0159404888		93.0040301746		105		111.3725945941		145.9317980681		Total, Dow companies		1531.8607953826		Total, Dow companies		1531.8607953826		7146

				Total, BASF companies		12.1277886892		11.6724504336		11.5801199036		11.7259536756		11.8963978741		12.1544298761		12.5174660717		12.8045756765		13.0310148104		13.2176538922		35.2190370796		35.8036903521		36.8149947112		37.9148947454		39.0869434063		40.3044744039		25.7971969478		26.6838152682		27.7742044883		28.812465425		73.3245343892		77.2200772201		73.8183634035		90.3294367694		96.1041645138		112		133.6471135129		169.4691848532		Total, BASF companies		1282.8524423931		Total, BASF companies		1282.8524423931		8565

				Total, Monsanto companies		80.3716497224		98.1901183281		89.2544447846		85.3435725552		92.7925190682		88.425611305		94.6145923988		103.476276096		108.8564007549		113.1470315719		116.9736727777		120.3848969083		133.0031681258		142.4334901413		142.6920221409		142.585415192		168.1871143986		741.144175372		633.4800354843		788.7021933176		696.0898954016		658.1357558878		611.7053101369		585.3661810972		611.6953671076		632.506165		708.7129201894		725.0456625304		Total, Monsanto companies		9313.3156577946		Total, Monsanto companies		9313.3156577946		4317
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Total, Syngenta companies

Total, DuPont companies

Total, Bayer companies

Total, Dow companies

Total, BASF companies

Total, Monsanto companies

Exp. on Seed and Traits ($Mil)
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		2006		2006		2006		2006		2006		2006

		2007		2007		2007		2007		2007		2007



Total, Syngenta companies

Total, DuPont companies

Total, Bayer companies

Total, Dow companies

Total, BASF companies

Total, Monsanto companies

Exp. on Seed and Traits ($Mil 2005=100)

59.0867514958

46.5480942867

4.3685772253

7.6396211558

12.1277886892

80.3716497224

56.8683373193

45.6107036917

4.0030018107

7.4806508496

11.6724504336

98.1901183281

44.5550950471

54.4555995908

3.7813730175

8.0728110296

11.5801199036

89.2544447846

19.8689007144

62.3084083618

45.9769473345

8.3443876491

11.7259536756

85.3435725552

46.2160501958

67.5467876802

46.4691260356

8.3815996507

11.8963978741

92.7925190682

54.6583239981

78.2294077749

50.5541083443

15.1321320214

12.1544298761

88.425611305

60.1775560133

92.2401769045

61.2629300213

18.5263726395

12.5174660717

94.6145923988

109.1473869574

97.4895086913

85.016448819

22.555075052

12.8045756765

103.476276096

126.5101154342

103.937084425

83.0628783681

21.8539829705

13.0310148104

108.8564007549

198.1335917728

124.6801269411

76.6816333236

26.8609661296

13.2176538922

113.1470315719

255.9552775538

129.3160841874

84.5702499439

34.2220168025

35.2190370796

116.9736727777

251.622058319

133.6846413001

84.143738788

35.7757291424

35.8036903521

120.3848969083

260.5949817195

150.7855061297

84.7324327489

37.611481125

36.8149947112

133.0031681258

265.2589400909

163.9161374706

85.514571858

82.8729301673

37.9148947454

142.4334901413

251.7013664274

162.8681671925

91.5109782354

76.2094626324

39.0869434063

142.6920221409

247.7331867871

181.2128998234

104.6894991636

82.0690402092

40.3044744039

142.585415192

227.5209152091

190.2380608511

115.2356284752

87.7836721308

25.7971969478

168.1871143986

305.3043369827

174.5795044646

123.3043319514

86.319023121

26.6838152682

741.144175372

109.2046189306

165.303528201

63.4698002923

36.2982540258

27.7742044883

633.4800354843

148.1045179083

160.2814401623

219.3067307471

35.7966070441

28.812465425

788.7021933176

300.7651615231

121.6661590353

79.306942598

73.3245343892

73.3245343892

696.0898954016

295.3746831195

149.3705460563

94.1193432286

91.5609487038

77.2200772201

658.1357558878

298.4240467865

283.5499033848

81.7820445821

86.8451334158

73.8183634035

611.7053101369

293.3634581562

292.9743889479

90.7052786265

85.0159404888

90.3294367694

585.3661810972

321.919052909

327.9212565878

116.1230559574

93.0040301746

96.1041645138

611.6953671076

314.41165

340

131.391875

105

112

632.506165

297.6137211037

338.9600705037

97.233601596

111.3725945941

133.6471135129

708.7129201894

314.7701809554

390.7206206338

136.8087069501

145.9317980681

169.4691848532

725.0456625304



		0

		0

		0

		0

		0

		0



Total 1980-2007

Exp. Seed and Traits ($Mil)



		0

		0

		0

		0

		0

		0



Total 1980-2007

Exp. Seed and Traits ($Mil 2005=100)



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Seed Trait

Agrochemicals

Exp. 1980-2007 ($Mil)



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Seed Trait

Agrochemicals

Exp. 1980-2007 ($Mil 2005=100)



		R&D expenditure on Seed and Traits ($m.)

				Notes		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		TOTAL

		Monsanto																																						500.000		386		590		515		490		472		458		492		602		699		762		5966

		Jacob Hartz (1983)				0.154		0.162		0.171		0.180																																																		0.6677775

		Agracetus (1996)		founded 1981				9.266		9.753		10.267		10.807		11.376		11.975		12.605		13.268		13.967		14.702		15.476		16.290		17.148		18.050		19.000		20.000																								223.9493325393

		Asgrow Agronomics (1997)				0.528		0.556		0.585		0.616		0.648		0.683		0.718		0.756		0.796		0.838		0.882		0.929		0.977		1.029		1.083		1.140		1.200																								13.9651119547

		Sementes Agroceres (1997)		$150M, 1997																																																										0

		Corn States Hybrid (1997)				0.031		0.033		0.035		0.037		0.039		0.041		0.043		0.045		0.047		0.050		0.052		0.055		0.058		0.061		0.064		0.068		0.071		0.075																						0.9041785223

		Holdens Foundation Seeds (1997)				1.976		2.080		2.189		2.304		2.426		2.553		2.688		2.829		2.978		3.135		3.300		3.473		3.656		3.849		4.051		4.264		4.489		4.725																						56.9632469057

		Calgene (1997)				2.923		3.076		3.238		3.409		3.588113		2.896045		1.694734		2.510436		3.241		4.492		6.165		5.700		9.200		10.300		12.800		11.900																										87.1332061801

		Cargill International Seed (1998)				2.781		2.927		3.081		3.243		3.414		3.593		3.783		3.982		4.191		4.412		4.644		4.888		5.146		5.416		5.702		6.002		6.318		6.650		7.000																				87.1704956451

		Plant Breeding International (1998)		Founded 1987																2.986		3.143		3.309		3.483		3.666		3.859		4.062		4.276		4.501		4.738		4.988		5.250																				48.2621907954

		DeKalb (1998)				18.700		21.300		17.900		15.200		19.900		17.900		20.400		20.700		22.000		23.400		26.900		29.500		32.800		34.700		33.600		35.400		40.900		50.200		70.300																				551.7

		ASI (2004)																																																												0

		Channel Bio Corp (2004)				0.030		0.032		0.034		0.035		0.037		0.039		0.041		0.043		0.046		0.048		0.051		0.053		0.056		0.059		0.062		0.066		0.069		0.073		0.076		0.080		0.085		0.089		0.094		0.099		0.104								1.5030296879

		NC+ hybrids (2005)				0.012		0.012		0.013		0.014		0.014		0.015		0.016		0.017		0.018		0.019		0.020		0.021		0.022		0.023		0.024		0.025		0.027		0.028		0.029		0.031		0.033		0.034		0.036		0.038		0.040								0.5780883415

		Core Group (2005)		five companies purchased for $52M		0.014		0.015		0.016		0.017		0.018		0.019		0.020		0.021		0.022		0.023		0.024		0.025		0.027		0.028		0.030		0.031		0.033		0.034		0.036		0.038		0.040		0.042		0.045		0.047		0.049		0.052						0.7659391018

		Speciality Hybrids (2005)																																																												0

		Gold Country Seeds (2006)		two companies purchased for $8.7M		0.002		0.002		0.003		0.003		0.003		0.003		0.003		0.003		0.003		0.004		0.004		0.004		0.004		0.004		0.005		0.005		0.005		0.005		0.006		0.006		0.006		0.007		0.007		0.007		0.008		0.008		0.009				0.1304401284

		Heritage Seed (2006)																																																												0

		Diender Seeds (2006)		five companies purchased for $77M		0.020		0.021		0.022		0.024		0.025		0.026		0.028		0.029		0.031		0.032		0.034		0.036		0.038		0.040		0.042		0.044		0.046		0.049		0.051		0.054		0.057		0.060		0.063		0.066		0.069		0.073		0.077				1.1544701018

		Sieben Hybrids (2006)																																																												0

		Kruger Seed (2006)																																																												0

		Trisler Seed (2006)																																																												0

		Campbell Seed (2006)																																																												0

		Fielder's Choice Direct (2006)				0.013		0.014		0.015		0.015		0.016		0.017		0.018		0.019		0.020		0.021		0.022		0.023		0.024		0.026		0.027		0.028		0.030		0.032		0.033		0.035		0.037		0.039		0.041		0.043		0.045		0.048		0.050				0.7496559103

		Rea Hybrids (2007)		terms not found																																																										0

		Hubner Seed (2007)		terms not found																																																										0

		Lewis Hybrids (2007)		terms not found																																																										0

		Delta & Pine Land		went public in 1993		1.557		1.639		1.725		1.816		1.911		2.012		2.118		2.229		2.347		2.470		2.600		2.800		3.500		3.800		5.095		5.888		9.794		13.651		16.656		18.702		18.685		19.924		18.122		16.669		18.436		23.015		24.965				242.1243952016

		Vikki's Agrotech (2007)		terms not found																																																										0

		An Dai (1998)		JV																																																										0

		Anhui Provincial Seed		JV																																																										0

		Hebei Provincial Seed		JV																																																										0

		Hebei Ji Dai (1996)		JV																																																										0

		Agroeste Sementes (2007)				0.025		0.026		0.028		0.029		0.031		0.032		0.034		0.036		0.038		0.040		0.042		0.044		0.046		0.049		0.051		0.054		0.057		0.060		0.063		0.066		0.070		0.074		0.077		0.081		0.086		0.090		0.095		0.100		1.5243462295

		DeRuiter Seeds (2008)				2.003		2.108		2.219		2.336		2.459		2.588		2.724		2.868		3.019		3.178		3.345		3.521		3.706		3.901		4.107		4.323		4.550		4.790		5.042		5.307		5.587		5.881		6.190		6.516		6.859		7.220		7.600		8.000		121.9476983591

		Emergent Genetics (2005)																																																												0

		Icoria (2005)		founded 1997																																				0.072		1.520		7.600		19.100		28.010		22.500		21.000		23.100								122.9015

		Seminis (2005)		founded 1994																																14.250		42.300		41.039		49.416		62.421		58.364		52.441		44.316		48.263		51.141								463.951

		Barham Seeds (1999)		terms not found																																																										0

		PetoSeed (1995)				0.062		0.065		0.069		0.072		0.076		0.080		0.084		0.089		0.093		0.098		0.103		0.109		0.114		0.120		0.127		0.134																										1.4948617947

		Royal Sluis (1995)																																																												0

		Asgrow Seeds (1994)				7.461		7.854		8.268		8.703		9.161		9.643		10.150		10.685		11.247		11.839		12.462		13.118		13.808		14.535		15.300																												164.2328835711

		Hungnong Seed (1998)				0.070		0.073		0.077		0.081		0.086		0.090		0.095		0.100		0.105		0.111		0.116		0.122		0.129		0.136		0.143		0.150		0.158		0.167		0.175																				2.1842435623

		Choong Ang Seed (1998)				0.008		0.009		0.009		0.009		0.010		0.011		0.011		0.012		0.012		0.013		0.014		0.014		0.015		0.016		0.017		0.018		0.019		0.019		0.021																				0.255285023

		Horticeres (1998)				0.008		0.008		0.009		0.009		0.010		0.010		0.011		0.011		0.012		0.013		0.013		0.014		0.015		0.015		0.016		0.017		0.018		0.019		0.020																				0.249058559

		Ecogen (founded 1983)		went public in 1987								0.742		0.781		0.822		2.894		4.441		6.244		7.149		5.479		6.408		8.300		12.100		9.300		8.951		4.922

		Total, Monsanto companies				38.378		51.280		49.458		49.160		55.458		54.449		59.548		67.015		72.921		78.658		84.456		90.000		101.791		111.417		113.971		116.258		139.743		626.674		541.695		684.341		617.063		596.600		563.491		550.830		591.938		632.506		731.796		770.100		8162.4624356145

																																								Subtotal, 1980-1997

																																								1960.6363403304

																																								1960.636





		Maxygen		Much more focused on human therapeutics but had alliances with DuPont and Syngenta as early as 1999.

		1997		1998		1999		2000		2001		2002		2003		2004

		2.757		7.207		16.094		38.534		54,044		62,005		56889		53294

				289%		137%		204%

												Verdia has "relatively modest" cash burn, per 2002 annual report.






