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         Foreword

         In recent years, mergers and acquisitions involving large multinational firms have reshaped the seed and biotechnology sector and have reduced the number of players in the industry. This consolidation process has prompted concerns about whether market concentration leads to reduced competition, higher prices, and lower innovation, which could hurt both farmers and consumers. However, so far little information has been available in the public domain about market concentration and its effects.

         This OECD report provides an in-depth assessment of structural changes in global markets for seed and biotechnology based on new data on market concentration across a broad range of countries and crops, and considers potential policy responses. 

         This report was prepared in the Trade and Agriculture Directorate by Koen Deconinck and has benefited from comments made by delegates of OECD countries and numerous experts. The OECD acknowledges in particular the co-operation of the Competition Authorities of Argentina, Australia, Brazil, Canada, Chile, the European Union, Japan, Korea, Mexico, New Zealand, the Russian Federation, South Africa, and the United States. The OECD also wishes to thank the International Union for the Protection of New Varieties of Plants (UPOV) for providing access to its PLUTO Plant Variety Database. 

         Helpful comments were received from Stephen Malone (USDA), James MacDonald (USDA), Keith Fuglie (USDA), Paul Heisey (USDA), Marien Valstar (Dutch Ministry of Agriculture, Nature and Food Quality & UPOV), Thomas Weber (European Commission – DG Sanco), Kyle Kierstead, Giuliano Tolusso and Brad Fraleigh (Agriculture and Agri-Food Canada), Pedro Lavignolle (INASE), Peter Button (UPOV), Annalisa Zezza (CREA), Anne-Laure Fondeur (GNIS), David Spielman (IFPRI), Dirk Theobald (CPVO), Osmat Jefferson (Cambia), Gregory Graff (Colorado State University), Robert Duncan (University of Manitoba), Richard Gray (University of Saskatchewan), Carl Pray (Rutgers University), Stéphane Lemarié (INRA), Sébastien Parenty (INRA), Julian Alston (UC Davis), Derek Brewin (University of Manitoba), Justus Wesseler (Wageningen University), Subash SP (ICAR, India) and Bernice Slutsky (ASTA).

         This report benefited from comments by delegates to the OECD Seed Schemes meetings (30 January – 1 February 2018 and 28-29 June 2018), participants to the Swiss National Committee CNS-FAO (25-26 April 2018), and participants to the 22nd Conference of the International Consortium on Applied Bioeconomy Research (12-15 June 2018). 
         

         The OECD wishes to thank Szabolcs Ruthner (International Seed Federation) and Arianna Giuliodori (World Farmers Organisation) for providing feedback from members of their respective organisations. 

         Within the OECD, this report benefited from helpful comments and suggestions by Jonathan Brooks, Csaba Gaspar, Hubertus Gay, Michael Ryan, Peter Kearns, and Antonio Capobianco. Editorial assistance was provided by Michèle Patterson. 
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         Executive summary

         Well-functioning seed markets are essential for agriculture and global food security. The growth in crop production worldwide depends on improved varieties made possible by public and private investments in R&D, and continued investments in these genetic improvements will be necessary for a sustainable increase in agricultural productivity. For this reason, it is important to ensure seed markets remain competitive and innovative.

         The merger of Dow and DuPont, the acquisition of Syngenta by ChemChina, and the merger of Bayer and Monsanto have recently reshaped the global seed industry. Various stakeholders and observers have expressed their concern over the increasing consolidation and the impact it may have on prices, innovation and product choice in markets for seed and genetically modified (GM) technology. A related concern is that mergers could create exclusionary “platforms” of complementary GM seeds, crop protection products and digital agriculture services. 

         However, not much data has been available so far in the public domain on the actual degree of concentration in markets for seed and GM technology. Moreover, the public debate has tended to focus on the role for competition policy, ignoring the potential for other government policies to stimulate competition and innovation in the industry. 

         This study provides new and detailed empirical evidence on the degree of market concentration in seed and GM technology across a broad range of crops and countries, and analyses the causes and potential effects of increasing concentration in these markets. The study also provides an account of how competition authorities in major markets responded to the mergers, and suggests policy options beyond competition policy to help safeguard and stimulate competition and innovation in plant breeding.

         Consolidation in global seed markets has been ongoing for several decades and has two main causes. High fixed costs, in particular for R&D, create pressure for “horizontal” mergers that combine firms with activities in the same domains. In parallel, technological and commercial complementarities between seeds, GM technology, and crop protection chemicals create incentives for “non-horizontal” mergers between companies active in these different domains. A new complementarity may be emerging today with digital technologies and precision agriculture. Major seed and crop protection companies have been investing in digital agriculture in recent years, as big data could enable customised advice to farmers on the best seeds or crop protection products to use and could in turn inform R&D. 

         Horizontal and non-horizontal mergers have different effects on prices and innovation. The risk of harmful effects is normally smaller for non-horizontal mergers as these do not directly lead to higher market concentration, and have scope for generating more efficiency gains, for instance by enabling more innovation. At the same time, non-horizontal mergers are not necessarily harmless as they could be used to exclude competitors from accessing important markets or resources. 

         In the past three decades, a series of horizontal and non-horizontal mergers and acquisitions created the “Big Six”: Monsanto, Bayer, BASF, Syngenta, Dow and DuPont. These multinationals were all active in agrochemicals, and (with the exception of BASF) had strong positions in seed and biotechnology. The recent merger wave reduces the number of major firms to four.

         The current consolidation shows both horizontal and non-horizontal characteristics, as the mergers combine firms with a complementary geographic focus and complementary product portfolios. In markets where the mergers would have created a large horizontal effect (that is, a large increase in market concentration), competition authorities have typically required substantial divestitures before allowing the merger. Bayer in particular has been required to divest almost its entire seed business, together with several other assets, all of which were sold to BASF, which now emerges as an important player in global seed markets. Because of the remedies imposed by competition authorities, the risk of harmful effects on prices and innovation is limited. 

         Detailed new data on market concentration in seed shows there is considerable variation across different crops and countries. Seed markets for sugar beet, cotton, sunflower, maize, and rapeseed are typically more concentrated, while seed markets for potato, soybean and wheat and barley are much less concentrated. Some countries appear to have systematically higher degrees of market concentration across different crop seed markets. 

         Genetically modified plant traits such as herbicide tolerance or insect resistance can be incorporated into seeds. For such GM traits, market concentration is much higher than for seed itself, and the market is dominated almost exclusively by large multinationals. Traits owned by Monsanto are particularly prominent, especially in markets where fewer GM crops have been approved. On the other hand, data on patents for CRISPR-Cas9 suggest this new technology is mostly dominated by academic institutes, with some presence of DowDuPont but without a strong position for the other multinational firms.

         A statistical analysis did not find any clear evidence that increases in market concentration raised seed prices or reduced innovation, although the analysis could not take into account many other factors which could influence the results. Prices and innovation rates differ between crops, due perhaps to biological factors. Prices and innovation rates tend to differ between countries, even after controlling for market concentration, suggesting that other policies could also affect the performance of seed markets. 

         In addition to competition policy, three broad categories of complementary policy options exist to stimulate competition and innovation in the industry. First, while a sound regulatory framework is necessary to ensure markets function properly, regulation may also inadvertently create transaction costs and barriers to entry, which could in turn contribute to higher levels of market concentration. Policy makers should therefore avoid unnecessary regulatory barriers to entry. This is of particular importance given the emergence of new plant breeding techniques potentially accessible to smaller enterprises.

         Second, successful innovation depends on access to genetic resources as well as intellectual property. Policy makers should ensure that plant breeders have access to these necessary inputs, for instance by supporting efficient procedures for accessing genetic materials and by facilitating efficient licensing of intellectual property.

         Third, policy makers can stimulate both public and private R&D. The public sector historically played an important role in plant breeding, and still continues to do so in many countries. However, as private-sector investment is growing, the public sector can evolve towards more fundamental research, where the private sector typically underinvests. Policy makers can also stimulate private R&D through public-private partnerships, for instance by providing matching funds.

         This study also underlines the importance of having precise data in order to discuss issues of market concentration. Highly aggregate estimates of market concentration, which have been cited in the public debate, present a misleading picture and are not useful for policy makers in view of the important variations by crop and by country. 

      

   
      
         1. Introduction
         

         
            This chapter introduces the main themes of the study. A competitive and innovative seed industry plays an important role in increasing agricultural productivity. In recent years, mergers and acquisitions have led to a further consolidation in an already highly concentrated industry, which raises questions about potential harmful effects on prices, choices, and innovation. At the same time, a wide array of public policies affect seed markets. Yet, not much information has been available so far as to the extent of market concentration and its potential harmful effects. This report provides new data and analysis on concentration in the industry, reviews the theoretical and empirical literature on effects of mergers, and presents several policy options.

         

          

         Plant breeding has historically played an important role in increasing agricultural productivity. Continued investments in plant breeding will be essential to ensure a productive, sustainable and resilient agricultural system for the future. In recent years, important mergers and acquisitions have reshaped the global seed industry, further consolidating an already highly concentrated industry. This in turn raises questions about potential harmful effects on prices, choices, and innovation. Yet, so far not much information has been available as to the extent of market concentration and its potential harmful effects. 

         
            1.1. The importance of plant breeding
            

            Global agriculture faces the triple challenge of raising productivity while ensuring sustainability and improving resilience. To achieve these goals, innovation in the form of high-performing varieties is essential.1 Historically, improvements in varieties have underpinned large gains in agricultural productivity across the world.2 For instance, the introduction of hybrid maize in the 1930s in the United States broke a decades-long pattern of stagnating yields, and enabled a seven-fold increase in the US maize yield over subsequent decades (Figure 1.1). Studies typically place the contribution of better varieties at 50% or more of this total increase in yield (Fernandez-Cornejo, 2004[1]).3 
            

            
               Figure 1.1. Maize yields in the United States, 1866-2016
               
[image: graphic]Note: Yields for maize (harvested for grain).
               

               Source: USDA (2017[2])

            

            A study by the National Institute of Agricultural Botany (NIAB) in the United Kingdom showed that increases in UK cereal yields since 1982 were mostly due to better varieties, putting the relative contribution of genetic improvement at 88% for cereal crops and rapeseed (Mackay et al., 2011[3]). 
            

            In developing countries, the strong growth in agricultural output during the Green Revolution similarly depended in large part on the introduction of improved varieties. These were developed through the Consultative Group on International Agricultural Research (CGIAR) and national agricultural research services (Evenson and Gollin, 2003[4]). In the second phase of the Green Revolution, from 1981 to 2000, better varieties accounted for 40% of total production growth in all developing countries. Simulations suggest that without these improved varieties, per capita caloric intake in the developing world would have been 13%-14% lower (Evenson and Gollin, 2003[4]).
            

            Even stagnating yields may hide an important contribution by plant breeding in preventing a further decline. Olmstead and Rhode (2002[5]) show that stagnating wheat yields in the United States between 1840 and 1940 required considerable efforts by plant breeders to introduce varieties resistant against a wide array of pests and diseases, and to breed varieties which could thrive in regions where wheat breeding previously did not take place. Olmstead and Rhode (2002[5]) estimate that wheat yields in 1909 would have been 46% lower if no new varieties had been introduced since 1840. Continued investments in improved varieties are thus not only important for productivity growth, but necessary to maintain productivity at current levels.
            

         

         
            1.2. Consolidation in the global seed industry
            

            Since 2015, three large mergers and acquisitions have transformed the global seed industry. In December 2015, Dow Chemical and DuPont announced their intention to merge, with the merger officially completed in September 2017. Only a few months earlier, the Chinese state-owned enterprise ChemChina acquired Syngenta, after Syngenta had rejected an earlier bid from Monsanto. In September 2016, Bayer announced a bid to acquire Monsanto. After receiving regulatory approvals, the merger was officially completed in June 2018, creating the world’s largest agro-chemical, seed and biotechnology firm.

            These mergers consolidate an already highly concentrated industry. In the past few decades, a process of acquisitions and mergers led to the emergence of the Big Six (Monsanto, Syngenta, Bayer, DuPont, BASF, and Dow Chemical), multinationals with a strong position in agricultural chemicals and (with the exception of BASF) seed and biotechnology. The current consolidation wave couples firms with a strong position in the agro-chemical market (Bayer, Dow, ChemChina) to firms with a strong position in the seed and biotechnology industry (Monsanto, DuPont, and Syngenta, respectively). The combination of seed, biotechnology and agro-chemical activities in one firm has been a recurring theme in the past decades. However, the current consolidation brings this to an unprecedented level.4

            At the same time, the precise level of market concentration is unclear, because detailed data on market shares in different countries and market segments are typically not available in the public domain (Fernandez-Cornejo and Just, 2007[6]). Some highly aggregate estimates have tried to combine sales data from the Big Six with estimates of the size of the global seed market to calculate measures of global market concentration (e.g. Heisey and Fuglie (2011[7]), ETC Group (2013[8])). However, global figures may under- or overstate the degree of market concentration in specific markets. An informed policy debate requires more detailed information.
            

         

         
            1.3. Issues raised by increasing market concentration 
            

            Increasing concentration in seed markets leads to three potential concerns: Will increased concentration lead to higher seed prices for farmers? Will consolidation reduce innovation and R&D in the seed industry? Will consolidation reduce the number of choices farmers have when choosing varieties? 

            The answers are not clear a priori. In markets where firms are competing head-to-head, a merger could lead to an increase in prices, less innovation and a reduction in the number of varieties. However, mergers may create efficiency gains, especially where firms with complementary products or technologies are combined.5 If competitive pressures remain sufficient, these efficiency gains could in theory lead to lower prices and more innovation.
            

            From the point of view of sustainability and global food security, the possible effects on innovation are particularly important. A reduction in innovation would mean a slower rate of improvement in varieties. Over time, the welfare losses of slower productivity growth in agriculture could easily dwarf any short-run welfare losses caused by higher prices. Hence, understanding the potential effect of mergers and market concentration on innovation is particularly important.

            Innovation is a strategic tool in the competitive process as seed firms compete to introduce better-performing varieties. Indeed, the seed industry is exceptionally R&D intensive when compared to other agricultural input industries. As shown in Figure 1.2, the global seed and biotechnology industry invests around 10% of its revenues in R&D. The R&D intensity is typically higher than for smaller firms (Fuglie et al., 2011[9]). 
            

            Many fear that a reduction in the number of competitors could undermine the incentive for these large R&D investments. Several critics of the mergers have also argued that the current mergers are likely to hurt innovation by eliminating “parallel pathways” of R&D and reducing the opportunities and incentives to engage in pro-competitive R&D collaborations (e.g. through cross-licensing of genetic traits). It is also argued that the mergers may create integrated platforms of complementary varieties, traits and chemicals possibly leading to exclusive packages that do not interoperate with products from competitors. In turn, these platforms would raise barriers to entry for smaller firms as they would require new entrants to simultaneously invest in varieties, traits and chemicals. These barriers in turn could result in higher prices, less choice, and less innovation in the long run.6 
            

            
               Figure 1.2. R&D intensity of agricultural input industries
               
[image: graphic]Note: Global R&D expenditures as a percentage of global sales, 2009.
               

               Source: Fuglie et al. (2011[9])

            

            This view is not shared by all observers, however. Proponents of the mergers maintain that the mergers will not necessarily reduce R&D and innovation, and may even encourage it. For instance, removing parallel paths in R&D is not necessarily problematic as it might remove redundancy in research efforts, thus making R&D potentially more efficient. Proponents have also argued that the feared reduction in R&D collaboration through refusals to cross-license is not likely as firms do not have an incentive to refuse cross-licensing. Moreover, to the extent that mergers lead to complementary platforms of varieties, GM traits, and chemicals, they might improve innovation by allowing better coordination between these different elements (Manne, 2017[10]).
            

            Much of the discussion focuses on innovation through genetic modification (GM). Only a limited number of OECD countries have adopted GM technology at a large scale. However, similar issues exist for conventional plant breeding, as well as for the new plant breeding techniques (NPBT) which are currently emerging (see Schaart et al. (2015[11]) for an introduction). Bonny (2017[12]) provides a useful overview of the link between controversies over market concentration and the broader debate around sustainability and biotechnology. 
            

         

         
            1.4. Public policies affecting seed markets
            

            Mergers and acquisitions are scrutinised by competition authorities. When a competition authority concludes that a proposed merger may threaten competition in a certain segment, it can block the merger or demand “remedies” such as the divestiture of parts of the merging companies. For instance, in evaluating the merger of Dow Chemical and DuPont, the European Commission (2017[13]) voiced concerns about competition in several markets for existing pesticides and certain petrochemical products. One concern was that the merger would reduce incentives to engage in innovation. The European Commission ultimately approved the merger, but made it conditional on DuPont divesting a significant part of its existing pesticide business, including its global crop protection R&D organisation.
            

            Most of the public debate has focused on whether competition authorities should allow the mergers in the seed industry. But beyond competition policy, several other public policies affect seed markets. One example is public R&D on varietal improvement by national agricultural research services. Public R&D has historically played an important role in plant breeding, and in several countries continues to do so. Public R&D can also affect private-sector plant breeding through fundamental research, for instance on new plant breeding techniques.

            Intellectual property rights for plant varieties and related inventions affect private-sector R&D in plant breeding. Historically, plant varieties did not qualify for intellectual property rights. Over time, a specialised system of intellectual property rights for plant varieties (known as plant breeders’ rights) has emerged. In some jurisdictions, new varieties can nowadays also be protected through the patent system. 

            Regulations also affect plant breeding. In addition to regulations regarding genetically modified organisms, the marketing of conventional seed varieties may also be subject to regulations; in the European Union, for example, new varieties may only be marketed after passing a test for their value for cultivation and use (VCU). Other examples of public policies affecting seed markets include the maintenance of public seed banks and rules that govern access to international genetic resources. 

            Given this broad range of policies affecting plant breeding, an important question is whether policy makers can take complementary policy actions to ensure a competitive and innovative seed industry, in addition to the decisions made by competition authorities. 
            

         

         
            1.5. Aims of this report
            

            The first aim of this report is to present background information regarding the seed industry, including new estimates of concentration levels in different countries and crops, and the structural drivers of observed trends in concentration. A second aim is to shed light on the possible effects of mergers through a review of the theoretical and empirical literature as well as an empirical analysis using the new evidence on market concentration presented here. A third aim is to propose possible policy responses. 

            Chapter 2 presents an overview of global seed markets, including data on market size, growth, and composition in terms of regions and crops. Trends in technology (in particular genetically modified organisms), prices, and R&D are reviewed.

            Chapter 3 examines structural changes in the seed industry. In addition to profiles of the main companies and a review of the recent mergers and divestitures, this chapter examines the causes of increasing industry consolidation. A case study of the US cotton seed market illustrates the structural changes highlighted in this chapter. 

            Chapter 4 reviews the literature regarding the impact of mergers on prices, innovation, and choices, reviewing both theoretical arguments and empirical evidence from the general economic literature. It also provides specific evidence where available. 

            Chapter 5 presents new evidence on seed market concentration across countries and crops. This chapter also contains evidence on market concentration in GM traits. 

            Chapter 6 builds on the new estimates of seed market concentration to explore the effects of higher market concentration on seed prices and innovation. 

            Chapter 7 turns to policy questions and proposes complementary policy responses for policy makers in light of the information contained in this report. 

            Seed markets are closely linked to a number of other topics. Some examples include the link between the seed industry and the agrochemical industry; the question of providing access to improved seeds in a developing country context; and broader questions around how plant breeding relates to questions of sustainability and different farming systems. Within the scope of this study, it was not possible to explore all of these questions. Instead, the main focus here is on an economic assessment of market concentration and related policy options. Several other topics are thus left for further research.

         

         
            Notes

            ← 1.  	A note on terminology: A seed is the physical “carrier” of genetic information of a variety. Farmers choose between different varieties when buying seed, and plant breeders aim to develop improved varieties. A variety developed or selected through human intervention is also referred to as a cultivar (“cultivated variety”). Strictly speaking, the term “seed market” or “seed industry” encompasses both the development of varieties (plant breeding) and the physical production, distribution and sale of seeds. The focus of this study is primarily on plant breeding.
            

            ← 2.  	For historical introductions to plant breeding and seed markets, see Kingsbury (2009[30]) and Kloppenburg (1988[14]). For a discussion of the importance of biological innovations, including varietal improvement, in the early development of US agriculture, see Olmstead and Rhode (2008[246]).
            

            ← 3.  	A recent analysis by crop scientists from DuPont Pioneer estimates the contribution of “genetic gain” (i.e. varietal improvement) in maize yield increases at between 59% and 79% between 1930 and 2011, depending on the production environment (Smith et al., 2014[231]). 
            

            ← 4.  	Market concentration has been a topic of debate in other agricultural input industries as well. See Fuglie et al. (2011[9]) for a global overview and Wesseler et al. (2015[26]) for the European Union. For industry-specific studies, see Bonanno et al. (2017[249]) on herbicides in the European Union and Hernandez and Torero (2013[250]) on the global fertiliser industry.
            

            ← 5.  	In addition, mergers may resolve problems of mutually blocking patent claims (“patent thickets”). 
            

            ← 6.  	See, for example, Moss (2013[64]), Moss (2016[210]), Lianos & Katalevsky (2017[219]), and IPES-Food (2017[220]).
            

         

      

   
      
         
2. An overview of global seed markets
         

         
            This chapter presents key figures about global seed markets, including breakdowns of market size by region and crop, data on the importance of genetically modified (GM) seed across countries and crops, and information on trade, prices, and R&D spending in the industry.

         

          

         
            
2.1. Sources of seed
            

            Seed used by farmers can come from three sources: farm-saved seed; purchased seed derived from public plant breeding, or purchased seed from the private sector (Heisey and Fuglie, 2011[7]).1 Originally, all seed was farmer-saved. Over the past century and a half, seed originating in the public sector has played an important role in many countries, including the United States (Kloppenburg, 1988[14]), Australia and Canada. Over time, the importance of the private sector has grown and private-sector seed now dominates global markets, especially in high-income countries (Heisey and Fuglie, 2011[7])
            

            The share of farm-saved seed varies across regions and crops.2 Figure 2.1 shows how estimated rates of farm-saved seed vary from less than 10% of the total volume of seed used in North America to more than 60% in the developing regions of Asia and the Middle East and Africa
            

            Similarly, Figure 2.2 shows how the estimated rate of farm-saved seed varies from close to zero for sugarbeet to more than 60% for wheat and barley, rice, and potato. 
            

            For some crops, farm-saved seed (as well as public seed varieties) continue to play an important role even in developed economies.3

            
               
Figure 2.1. Farm-saved seed as share of total, 2016
               

[image: graphic]Note: The estimated share of farm-saved seed here is the ratio of the estimated market value of farm-saved seed (valued at average prices by country) to the total estimated value of seed markets including farm-saved seed. 
               

               Source: OECD analysis using the Kleffmann Agriglobe database
               

            

            
               
Figure 2.2. Farm-saved seed as share of total, 2016
               

[image: graphic]Note: Data refers to the global seed market. The estimated share of farm-saved seed here is the ratio of the estimated market value of farm-saved seed (valued at average prices by country) to the total estimated value of seed markets including farm-saved seed. 
               

               Source: OECD analysis using the Kleffmann Agriglobe database.
               

            

         

         
            
2.2. Size and growth of the global commercial seed market
            

            The size of the global commercial seed market (i.e. excluding farm-saved seed but including public commercial varieties) was estimated at around USD 52 billion in 2014 (Figure 2.3).4 In the past years, global seed markets have grown strongly in (nominal) value, driven by the expansion of GM in particular, although conventional seeds also registered growth. 
            

            
               
Figure 2.3. Evolution of the global commercial seed market, 2001-2014
               

[image: graphic]Note: Not adjusted for inflation. Includes public and commercial seeds; excludes flower seeds and farm-saved seed.
               

               Source: Syngenta (2016[15]) 
               

            

         

         
            
2.3. Seed markets by region
            

            Estimates of the regional split of seed markets are presented in Figure 2.4. The United States is globally the largest seed market, followed by the People’s Republic of China (hereafter “China”). The next most important national seed markets, led by France, Brazil and Canada, are considerably smaller. Regionally, North America is the largest market with an estimated one-third of the global market by value. 
            

            
               
Figure 2.4. Regional split of global seed markets
               

[image: graphic]Note: EMEA stands for Europe, Middle East and Africa. North America refers to the NAFTA countries (Canada, United States and Mexico).
               

               Source: Panel (a): same scope and source as Figure 2.3. Panel (b): based on International Seed Federation data cited in ISAAA (2016[16]). 
               

            

            
               
Figure 2.5. Domestic seed markets in the European Union, 2012
               

[image: graphic]Source: Ragonnaud (2013[17]), using data from the International Seed Federation. Data includes field crops, vegetable and flower seed. These numbers exclude the value of seed potatoes (estimated at around EUR 350 million) and vegetative planting materials of ornamentals (around EUR 500 million) (Marien Valstar, personal communication). 
               

            

            Taken as a whole, the European Union is the third-largest seed market in the world after the United States and China, accounting for 20% of the global total (Ragonnaud, 2013[17]). France by itself accounts for nearly one-third of the EU total. France, Germany, Italy, Spain, and the Netherlands combined account for two-thirds of the EU market.5 
            

         

         
            
2.4. Seed markets by crop
            

            While the global seed market is diverse, a small number of crops dominate total seed sales (Figure 2.6). Of an estimated USD 52 billion in 2014, almost 40% is made up of maize and an additional 14% of soybeans. The large size of maize and soybeans is driven by the Americas where GM varieties are commonly used. Globally, 78% of the area planted with soybeans uses GM varieties. The typically higher prices for GM seed automatically lead to a larger estimate of market sizes in terms of value. 
            

            Rice is estimated to be the third largest seed market by value, driven by demand in Asia Pacific where around 90% of the global area planted with rice can be found. 

            The global market for vegetable seed is estimated to be around USD 4.7 billion (Figure 2.6). Vegetable seeds typically have a high value and account for a much larger share of the global seed market by value than would be expected from their relatively modest volumes. Within vegetable seed, an estimated 43% of the market consists of Solanaceae seeds – a crop category which includes tomatoes, peppers, and eggplants (Figure 2.7). 
            

            
               
Figure 2.6. Estimated size of global seed market by crop, 2014
               

[image: graphic]Note: The category “Others” contains seed segments considered of less importance for a specific region, and may therefore include sales of other crops listed here. For instance, the category includes sales in small cereals (wheat and barley) in North America, soybeans in EMEA, etc. Global estimates by crop presented here are likely to be a lower bound. 
               

               Source: Syngenta (2016[15]).
               

            

            
               
Figure 2.7. The global vegetable seed market by crop, 2014
               

[image: graphic]Note: Solanaceae include tomato, pepper and eggplant; Root & Bulb includes onion and carrot; Cucurbit includes melon, watermelon, cucumber and squash; Brassica includes cabbage, cauliflower and broccoli; Large seed vegetables includes beans, peas and sweet maize; Leafy includes lettuce and spinach.
               

               Source: Syngenta (2016[15]) 
               

            

         

         
            
2.5. Genetically modified (GM) seeds
            

            Genetically modified seeds have had a drastic impact on the structure and evolution of global seed markets.6 Advances in genetics led to the development of the first genetically modified (GM) plant in 1982, and the first commercialisation of GM plants took place in the early 1990s with the introduction of the Flavr Savr tomato variety (1994). Today, at a global level 190 million hectares are planted with GM crops. Since 2012, the area planted with GM crops in developing countries has exceeded that in developed countries. In 2017, developing countries accounted for 53% of the global area under GM crops, a share which is expected to grow further (ISAAA, 2017[18]). In 2107, the countries with the largest GM area are the United States (75 million hectares, or 40% of the global total), Brazil (50 million hectares, 26%) and Argentina (24 million hectares, 12%) (Figure 2.8)
            

            In the European Union, only one GM “event” has been approved for cultivation: a type of insect-resistant maize grown on 130 000 hectares in 2017.7 Spain (124 000 hectares, representing around 28-30% of the total maize area) and Portugal (7 000 hectares) are the only countries where this GM maize variety is planted (ISAAA, 2017[18]) (European Seed Association, 2016[19]). Other EU Member States which used to have GM cultivation are the Czech Republic, Slovakia, and Romania, but none of these countries planted GM crops in 2017.
            

            The main GM crops globally are soybeans (94 million...
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