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This paper reviews the most prominent changes that have taken place in the plant breeding industry in Sweden. 
We argue that the establishment of Intellectual Property Rights schemes creates power asymmetry in the seed val-
ue chain and has therefore been a major driver of consolidation in Sweden and internationally. Furthermore, we 
provide an assessment of the use of cultivars bred domestically. This has been achieved by identifying and classi-
fying the variety owners for major crops based on the origin of the breeding station and calculating the percent-
age of the domestically-bred varieties used in crop production. The ratio of local varieties in relation to imported 
varieties is of special significance to Sweden, which has a long history of plant breeding and a challenging climate.
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Introduction
The hot and dry summer of 2018 was problematic for agriculture in Northern European countries, including Swe-
den. The country received less rainfall than the expected annual level, leaving Swedish farmers with substantial 
losses. As a result of the crisis, Sweden turned to the European Commission and asked for emergency aid sup-
port. A few months later, the government presented a package of SEK 1.2 billion to cover the fodder shortage and 
other loss of income that farmers are experiencing due to the drought (Government Offices of Sweden 2018).This 
unusually warm and dry summer is likely to be repeated. The global mean surface temperature is expected to rise 
by up to 1.5 °C in the coming decades (IPCC 2018). Changes in rainfall patterns combined with prolonged growth 
seasons could result in increased pressure from diseases and pests (Eriksson et al. 2018). 

A question arises among experts as to whether the Swedish food system can maintain its capacity in the future 
without compromising the national level of food self-sufficiency. Plant biotechnology has improved farm income 
by boosting yields while reducing the need for other inputs, such as fertilizers and pesticides. Additionally, research 
shows that agricultural biotechnology also reduces greenhouse gas emissions and soil erosion (Zilberman et al. 
2018). Therefore, plant biotechnology is a valuable tool for a country to mitigate the impact of climate change, 
safeguard biodiversity and achieve the UN’s sustainability development goals (FAO 2018). 

Sweden has a long tradition of plant breeding; in 1886 two prominent landowners established a society for cul-
tivation and breeding of plants (Sydsvenska Förening för Odling och Förädling af Utsäde) which was the begin-
ning of the formation of a strong scientific cluster in Svalöf-Lanskrona (Nilsson and von Bothmer 2010). Decades 
later, plant breeders in Sweden earned the title of the “Wizards of Svalöf”, by conducting path-breaking work in 
this small town in the southernmost province of Sweden and taking the country to the forefront of plant breed-
ing globally (USDA 1948). Characteristically, a major Swedish plant breeding and seed organization during 1990s 
had 50% of the Canadian market in breeding and marketing varieties of oil seed crops while had global presences 
with 17 subsidiary companies in Germany, Spain, Argentina, France, United Kingdom, The Netherlands, Italy and 
Denmark (Kuylenstjerna 1997, Svensson and Weibull 1997).

However, in recent decades, Sweden has lost its leadership role in this arena – and the ability to control the  
domestic market. For example, over the years, the number of Swedish-bred varieties registered on the National 
List of Plant Varieties has been constantly decreasing (Solberg and Breian 2015). Although the number of plant 
breeding organizations in Sweden has not changed significantly the last decades, domestic breeding programmes 
have been significantly reduced and are now dependent on collaboration with multinational corporations.

Globally, the seed industry is dominated by only four multinational corporations: Bayer, which has acquired Mon-
santo; Chem-China, which owns Syngenta; Corteva (formerly Dow and DuPont); and BASF (Bonny 2017). A crucial 
driver behind this consolidation was the emergence of biotechnology. Modern breeding techniques reinforced 
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the establishment and enforcement of Intellectual Property Rights (IPRs). IPRs can block product development 
and generate “patent thickets”. As the interdependency among plant breeders on contractual licensing arrange-
ments was increasing, mergers and acquisitions (M&A), both domestically and internationally, provided a way to 
aggregate and control the relevant IPRs (Nilsson 2007, Howard 2015, Lianos et al. 2016, Hendrickson et al. 2019). 

The level of concentration in the global seed industry has attracted much attention from policy makers, research-
ers and consumer groups. Previous research has investigated the link between IPRs, consolidation and ownership 
structures (for example full ownership, joint ventures, etc.) for major actors on a global scale (Howard 2009, 2015, 
Lianos et al. 2016, Bonny 2017). To the best of our knowledge, no attempt has been made to map the M&A that 
have taken place in the Swedish seed industry, or their impact on the use of Swedish-bred cultivars. 

In this study, we use the global value chain framework (Gereffi et al. 2005, Gereffi and Lee 2012) to describe how 
IPRs create power structures in the plant breeding/seed value chain in Sweden. Our objective is twofold: first, to 
document the evolution of the plant breeding industry in Sweden and second, to provide an assessment of the use 
of cultivars bred domestically. We believe that this study is the first to investigate the impact resulting from changes 
in global and domestic organizational, political and regulatory environments on the evolution of the Swedish 
plant breeding industry through the lens of the global value chain. 

Material and methods 
Methodology and data

The global value chain framework is used to describe the governance configuration that encompasses the Swed-
ish plant breeding industry. We argue that the tightening of IPR laws created market power in the upper part of 
the chain and increased the concentration in the industry, spurring waves of M&A. It has therefore been a crucial 
determinant of the evolution of plant breeding in Sweden. We have documented and sketched this evolution in 
Sweden by reviewing major M&A for the most prominent organizations since the emergence in the 1880s of early 
domestic breeding programmes. In order to achieve this, we conducted a review of the scientific literature on the 
subject, as well as material from annual reports, presentations for shareholders, conference presentations, semi-
nars, public speeches and newspapers. We conducted interviews with breeders, farmers, seed multipliers and 
representatives of breeding organizations and performed a qualitative content analysis. This approach provides 
the flexibility of using a combination of inductive and deductive approaches to data analysis (Cho and Lee 2014) 
and facilitates the generation of themes that provide evidence of the structural changes that have taken place 
over the last 130 years and which have transformed the plant breeding industry (Berg 2001).  

Lastly, we have attempted to quantify an aspect of the governance configuration by calculating the current level 
of dependence on foreign-bred varieties. As a first step, we used new entries of cultivars listed in the national 
catalogue, and new grants published in the annual list of Swedish Plant Breeders’ Rights as a means of extracting 
information on the historical development of new cultivars in Sweden. The primary source of this information is 
the Official National Varieties List from the Swedish Board of Agriculture and UPOV-PLUTO plant variety database 
respectively. An examination of the numbers of varieties listed, either in terms of the total number of Swedish-
bred cultivars listed each year or the total number of annual new entries in the list, provides insightful informa-
tion regarding the evolution of plant breeding and crop diversity in Sweden. However, it neglects the extent of 
dependence on foreign-bred varieties. Thus, as a next step, the percentage of production of certified seed origi-
nating from Swedish-bred varieties has been calculated. The data on production of certified seed were retrieved 
from the Swedish Board of Agriculture (2014, 2015, 2016) and combined with data from the Community Plant 
Variety Office and PLUTO databases, in which we retrieved information on the origin of the breeding station of 
each cultivar. This complementary approach allowed us to control for older varieties still present in the national 
list, which are however, less relevant to agricultural production.

Concepts and framework
Issues related to agri-food industries and the changes brought about by the emergence of global food value chains 
have gained much attention. Sustainable diets, food security, environmental protection and climate change are 
some of the challenges that agricultural systems must address (Vorley 2001, Humphrey and Memedovic 2006, 
Gereffi et al. 2009, Bosona and Gebresenbet 2013, Gelli et al. 2015). Gereffi et al. (2005) have identified five glob-
al value chain governance structures in which the degree of explicit coordination and the power of asymmetry 
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increases as when moving from one mode to the next. Figure 1 is based on global value chain typology (Gereffi 
et al. 2005) and aims to explain the seed value chain in Sweden, starting with plant breeders, moving on to inter-
mediate consumers, farmers and, lastly, to end consumers. The graph provides a current “snapshot” of the chain 
today and represents the outcome of constant transformations in the governance of both the domestic and the 
global value chains (Gereffi et al. 2005, Gereffi and Lee 2012). 

 

At the center of the chain are the farmers. The “lower” part of the chain depicts farmers in their downstream 
network (processors and retailers) and corresponds to the downstream captive mode. Typically, small producers 
(farmers and processors) depend on larger buyers (retailers). Sweden has 3593 food processing companies, 99% 
of which are small and medium-sized enterprises (Eriksson et al. 2016). The retail market is the most concentrated 
market in Europe. The largest retailer has 50% of the market while the top three retailers have a combined mar-
ket share of 86% (Gullstrand and Jörgensen 2012, Eriksson et al. 2016).

The focus of this paper is the “upper” segment of the chain, specifically the interaction between a handful of 
Swedish breeders and a few international biotech companies. This network exhibits characteristics of an upstream 
captive value chain. A few Swedish plant breeders are dependent on large Life Science Multinational Corporations 
(MLC) that determine the distribution of profits among the actors in the chain (Gereffi and Lee 2012, Lee and Ge-
reffi 2015, Hendrickson et al. 2019). One main source of this power asymmetry is the establishment and enforce-
ment of Intellectual Property Rights (IPRs). In captive value chains, the high level of dependency in the network is 
usually attributable to relation-specific investments (Gereffi et al. 2005). In plant breeding, as in other producer- 
driven chains, intangible assets (for example patents) make switching difficult, if not impossible (Dallas et al. 2019). 

IPRs can be defined as rights granted by a state authority for certain products of intellectual effort and ingenuity 
(Prifti 2015 p. 31). The most prominent IPRs in plant biotechnology are patents and Plant Breeders’ Rights (PBR). 
Despite their differences (see Supplemental Table), IPRs serve a two-fold purpose. First, to ensure that innova-
tors will be able to appropriate the value of the return on their investment in R&D and, secondly, to prohibit the 
use of trade secrets or similar means of protection which, unlike PBR and patents, do not disclose information on 
protected material, thereby blocking further innovation. 

IPRs have the power to shape structural relations in the global seed industry. Specifically, they increase concen-
tration and create power asymmetry in the chain through two main mechanisms. First, by prohibiting new firms 
from entering the market (Kalaitzandonakes and Bjornson 1997, Louwaars et al. 2009). Plants can be viewed as 
datasets that breeders manipulate to express particular characteristics (Blakeney 2011 p.16). Seed germplasm 
with the desired traits and attributes is used to obtain the next generation of plants with the best characteristics. 
Plant varieties, gene traits, breeding technologies and methods can be protected by IPRs. The development of an 
innovation relies on permission to use technology or genetic material that is protected by IPRs. Thus, access to in-
tellectual property acts as a barrier to R&D, innovation or the product market (Oehmke and Wolf 2003). Intellec-
tual property lawsuits in agricultural inputs industries are so common that it is difficult for a new product to reach 
the market without a potential patent infringement (Maisashvili et al. 2016). Infringement litigation can amount 
to a range of several millions dollars and therefore even the threat of litigation can deter smaller firms and start-
ups from entering (Lesser 1999, Maisashvili et al. 2016). 
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Fig. 1. Illustration of seed value chain: Captive structure
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Second, IPRs increase concentration by creating pressure and financial incentives for vertical integration, strategic 
alliances, contracting and various types of licensing agreements among existing firms. Biotech firms that wish to 
produce and deliver seeds to farmers take advantage of reduced transaction costs and economies of coordination 
and opt to vertically integrate downstream with traditional firms in order to access a good quality seed base and 
marketing channels (Lesser 1999, Shi 2009). The alternative to this approach for biotech firms is to license pro-
tected technologies to seed companies. The collection of royalties from licensing agreements, a practice known 
as “non-merger mergers”, paved the way for many of the buy-outs (Maisashvili et al. 2016). Such arrangements 
act in a manner similar to the formation of an industry cartel: smaller companies with smaller biotech capacities 
must either merge with the larger companies, license from them, or exit the market (Maisashvili et al. 2016). In-
creased concentration in the industry has also been linked to the settlements of intra-industrial conflicts. A patent 
claim on transgenic soybean was initially opposed by Monsanto until the latter acquired the claiming firm. After 
the acquisition, Monsanto fully supported the application that was initially opposing (Howard 2015). The link be-
tween IPRs and M&A in the seed industry has been empirically verified (Graff et al. 2003, Marco and Rausser 2008). 

Concerns have been raised that the high level of concentration in the industry is perhaps the result of strategic 
planning that aims to extend intellectual property rights beyond their legitimate bounds in an effort to limit com-
petition (Moss 2013 p. 549). As argued in Lianos et al. (2016 p. 63), Life Science Multinational Corporations de-
velop IPRs strategies in order to reinforce their dominance towards farmers, capturing the significant part of the 
value added along the whole food pipeline. A protected trait that could be applied to several varieties or even 
crops can enable a company to gain control of several markets, particularly if the said company has a large legal 
capacity. This has been the case for large multinational corporations with a global presence. Thus, market power 
generated by IPRs can be strategically designed in order to limit or control competition, thereby increasing the 
concentration in the seed industry (Louwaars et al. 2009, Moss 2013). Additionally, IPRs-related policy changes 
have reduced the enforcement of anti-trust laws, increased the enforcement of alleged intellectual property in-
fringements (Howard 2015 p.1) and broadened the scope of protection, all of which has allowed leading firms 
to increase their power and influence. The combined effect of market deregulation policies and the widespread 
adoption of IPRs has spurred waves of M&A (Clancy and Moschini 2017, Clapp 2018). 

The extensive adoption of IPRs was brought about by the Trade-Related Intellectual Property Rights Agreement 
(Prifti 2015). According to article 27.1 of the agreement, all products and processes in all fields of technology 
should be patentable. This means that countries that are members of the World Trade Organization have practi-
cally established a patent rights system. The international extension of IPRs during the 1990s was a tool to help 
governments encourage private sector investment such as R&D in agricultural products. However, it had a pro-
found impact on the access to genetic resources. With every merger and acquisition, firms not only increased 
their market share, but also their access to genetic material stock and breeding tools, the use of which could be 
prohibited due to IPRs (Howard 2015).

Results 
Consolidation in the global seed markets

Concentration is a common phenomenon in all segments of global food value chains; in the agricultural inputs 
markets (Howard 2009), agricultural production (MacDonald 2015), industrial processing (MacDonald and Mc-
Bride 2009) and wholesale/retail distribution (Sexton and Xia 2018). One estimate of the size of the global food 
and beverages retail market in 2012 was USD 5.98 trillion. In the same period the commercial seed market was 
reported to have reached USD 47 billion, making the seed sector contribution less than 1% to the global food and 
beverages retail value chain (Bonny 2014). However, despite the relatively small size of the seed sector, seeds 
play a significant role in crop production, food security and biodiversity. Thus, the level of consolidation may have 
paramount consequences. 

M&A have played a key role in the evolution of the seed industry worldwide (Srinivasan 2003, Moretti and Matringe 
2006, Howard 2009, Fuglie et al. 2011, Pardey et al. 2013, Bonny 2014, 2017, Howard 2015, Lianos et al. 2016). 
The trend started in the United States in the 1960s and 1970s when the high sales of hybrid seeds, mainly corn, 
attracted the attention of several chemical, oil and grain trading companies and entered the industry through 
synergies with seed companies. During 1980s the increased regulations and subsequent loss of profitability com-
bined with aspirations for the potential applications of biotechnology, led pesticide and agrochemical compa-
nies to acquire seed companies and invest in newer technologies (Schenkelaars et al. 2011, Howard 2015). In the 
1990s, IPRs drove another wave of M&A. Major actors in biotechnology and pharmaceutical sectors acquired 
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seed companies and formed Life Science conglomerates. As agrochemical companies acquired smaller seed com-
panies, they also merged with each other, resulting in fewer and fewer actors globally. In the early 2000s, the Big 
Six large multinational corporations were in place (BASF, Bayer, Dow, DuPont, Monsanto, Syngenta). These are 
leading companies in the plant biotechnology and agrichemical business, with the exception of Bayer, which pri-
marily remained a pharmaceutical company. In 2016, DuPont and Dow announced that their respective boards 
of directors had agreed that the companies would merge as equals and form DowDuPont (Dow Corporate 2016). 
Monsanto’s shareholders also approved a proposed merger with Bayer (Bayer 2016). These mergers took place 
in 2017 and 2018 respectively, reducing the big six to the big four. 

Consolidation in Sweden: 130 years of M&A 
Plant breeding in Sweden has a long history of successful operations for over 130 years. The sector contributed 
significantly to Swedish exports and consequently to GDP. For example, in the mid-1990s, Svalöf AB had approxi-
mately 50% of the Canadian market in breeding and marketing varieties of spring oil seed crops (Kuylenstjerna 
1997). Yet today, breeding is a significantly less attractive industry. This section presents the changes that took 
place in the domestic market, primarily with regard to M&A. Supplemental Figure illustrates the major changes. 

During the late 19th century, the Swedish Seed Association (SUF) and W. Weibull were established and focused 
on cereals and fodder and tuber crops, respectively. The market- dominating sugar refinery company Svenska 
Sockerfabriks AB (SSA) was formed in 1907 by a group of sugar beet producers and refineries to breed sugar beet 
(Kraft 2010). Agricultural crops were bred by Algot Holmberg and Söner AB, AB Carl Engström and Otto J. Olsson, 
mainly during the 1920s. The breeding of vegetable crops primarily emerged during the 1930s and 1940s and was 
conducted by J.E. Ohlsens Enke, L. Daehnfeldts fröhandel and Statens Trädgårdsforsök (Solberg et al. 2016). In 
1936, the Förening för växtförädling av skogsträd (Association for Breeding of Forest Trees) was established with 
facilities at Ekebo and Svalöf and in 1941 Förening för växtförädling av frukt och bär (Association for Breeding of 
Fruits and Berries) was established. Although the origins of Findus can be traced back to 1905, it was not until the 
1980s that the company started breeding peas (Stegmark 2010). 

The history of SW Seed accounts for one half of the history of the Swedish breeding sector. SW Seed was the 
outcome of a merger between two of the most prominent breeding organizations: Svalöf AB and W. Weibull.  
In 1886 the Allmänna Svenska Utsädesföreningen (ASUF) was established in Svalöf and led by landowners and 
academics with strong ties to the Alnarp Agricultural Institute and Lund University. This was the beginning of the 
formation of a strong scientific cluster in Southern Sweden, Svalöf-Landskrona, which expanded both in size and 
operations in the coming decades (Nilsson and von Bothmer 2010). The main purpose of the association was to 
trial local and imported varieties in order to determine their value, as well as improve the quality of cereals. Over 
the years, the association founded several subsidiaries throughout Sweden. 

In 1888, Mellersta Sveriges Utsädesförening (MSU) was established with the primary task of conducting field  
trials. However, it was not financially optimal for both associations to operate so in 1894 they merged and became 
Sveriges Utsädesförening (SUF). In the following decades, SUF grew in terms of both its facilities and breeding ac-
tivities, driven by private donations and government funding. In 1891, Allmänna Svenska Utsdädesaktiebolag (ASU) 
was formed with the aim of supporting, marketing and selling varieties developed by SUF. A major organizational 
reform took place in 1912 when, in accordance with a government investigation, SUF became a state-subsidized 
institution. One decade later, the acquisition of Svenska Lantmännens Utsädesaktibolag (SLNU), led to subse-
quent acquisitions of subsidiaries, a trend that had already started as early as 1907, when ASU increased in size by  
acquiring properties in several locations. By 1925, Svalöf’s varieties would account for up to 25% of the German 
market for grain crops. The varieties were already present in Denmark, Norway, The Netherlands, France, England 
and Canada. Several acquisitions took place during 1960s before Lantmännen took over the commercialization 
of seed from ASU. In 1980, ASU and SUF merged and formed Svalöf AB, the ownership of which was split 50/50 
between the state and Lantmännen. 

Before the establishment of SUF, the family business W. Weibull began experimenting in breeding fodder crops 
with the aim of improving foreign varieties to fit Nordic climate conditions. In 1870, the Weibull family farm was 
able to sell its surplus seed to neighbouring farms (Fajersson 1997). Ten years later the company was exporting 
seeds to The Netherlands, Hungary and Denmark. Government subsidies also played a decisive role in the his-
tory of Weibull as the company would not have been able to survive the post WW1 crisis of the 1920s or the 
recession of the 1930s without state support. In the late 1940s, Weibull initiated a proposal according to which  
government subsidies would be replaced by a license system requiring users of the varieties to pay royalties.  
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It took 20 years before the proposition relating to PBR was passed by the Swedish Parliament. M&A were also a 
major part of Weibull’s history: in 1966 the company acquired one of the oldest seed and plant breeding compa-
nies, Algot Holmberg & Söner AB (Gertsson et al. 2010). During the 1970s, W. Weibull was ready to expand, both 
domestically and internationally. Towards this end, in 1966, Weikalb was established with joint ownership split 
between Weibull, the French company Florimond Desprez and the American company DeKalb. In 1980, Weibull 
was acquired by Cardo and five years later the company underwent an organizational transformation: a division 
between the agricultural sector, which included plant breeding and the seed sector and the international divi-
sions (Svensson and Weibull 1997). In 1985, W. Weibull was transferred to Hilleshög AB in the newly-built Agri 
Seeds division. In the following year (1986), Cardo was acquired by the Volvo Group, making Weibull part of the 
Provendors Group. When Sandoz acquired Hilleshög AB in 1987, the various companies of Weibull were reunited. 
Eventually, in 1993, the Federation of Agricultural Cooperatives (SL) bought out W. Weibull AB and merged with 
Svalöf AB, creating Svalöf Weibull AB with Lantmännen as the main shareholder. At the time of the merger, the 
two former companies jointly owned 17 subsidiary companies (three in Sweden, two in Germany, five in Cana-
da, Spain, Argentina, France, United Kingdom, The Netherlands, Italy and Denmark). In 1999, SW Seed and BASF 
jointly established a new company called BASF Plant Science for the development of plant biotechnology activi-
ties. A year later, 14 subsidiary companies remained. By the end of 2003, divestments had occurred in Denmark, 
Argentina and, by 2006, in the UK, France, Spain and Canada. The collaboration with BASF was dissolved in 2008 
when Lantmännen regained full ownership of SW Seed (Nilsson and von Bothmer 2010). In 2009, a new organi-
zation, SW Oilseed AB was formed, in which Lantmännen was the major shareholder. In 2011, SW Seed became 
fully integrated into Lantmännens Lantbruks operations. Divestments continued in 2014 in Germany and Poland. 
Domestically, in the same year, Secobra acquired SW Seed’s spring barley programme. Today, only three breeding 
stations remain, two in Sweden and one in The Netherlands.

The other half of the history of the Swedish seed industry began in 1907 with the establishment of SSA. At the 
time, the production of sugar beets was dependent on German varieties. Yet, by the end of 1928, varieties de-
veloped at Hilleshög were used exclusively in Sweden and efforts started to expand into other regions in Europe. 
Towards this end, N.V. Hollandsch-Zweedsche Zaadmaatschappij (HZZ) was established in Amsterdam in 1926 
with the primary task of reproducing and selling varieties developed in Hilleshög. During the 1930s, the compa-
ny responded to the international demand for its varieties by introducing breeding stations in England, Belgium,  
The Netherlands and France. During the 1960s, SSA invested successfully in other branches, which led to an  
organizational transformation. Cardo AB, an investment company, was established in 1968 with SSA as its sub-
sidiary. Several business segments belonging to SSA were transferred to the newly established Hilleshögs Frö AB 
(later known as Hilleshögs AB), as well as seed companies and subsidiaries in Holland, France and Italy (Bosemark 
1997). Scientific breakthroughs, including the development of monogerm sugar beet seed, tripled foreign sales 
from 1972 to 1974, which resulted in the acquisition of and investment in several foreign seed companies. By the 
end of the 1970s, Hilleshög had a leading position in several markets including France, Germany, Holland, England, 
Italy, the USA and Japan. When Cardo AB took over W. Weibull AB, Hilleshög AB expanded its breeding activities 
to include breeding programmes in grains, rapeseed and forest trees. In the early 1980s, Cardo AB’s directors  
decided that it would be mutually beneficial for both Cardo AB and Hilleshög AB for the latter to gain autonomy. 
In 1985, Hilleshög AB acquired W. Weibull AB from Cardo AB, and a few months later Volvo acquired Cardo AB, 
thereby also acquired Hilleshögs AB. The new owner strengthened sugar beet operations by taking over breeding 
stations and sugar beet seed companies in France, Belgium and the USA and the breeding of rapeseed was inten-
sified. In 1989, Hilleshög AB was acquired by the Swiss company Sandoz AG when the former held a 30% market 
share for sugar beets in Western Europe, making Sandoz Seeds the world’s largest seed company. In 1992, there 
was yet another organizational transformation: Hilleshög AB, including all its subsidiary companies, merged with 
the Northrup-King Seed Company, forming Hilleshög NK. Hilleshög AB was now a subsidiary of Hilleshög NK. De-
spite the organizational changes, Landskrona was still the centre of sugar beet plant breeding. In 1996, Santzoz AG 
merged with Ciba Geigy AG, forming Novartis AB. The following year, Hilleshög AB was renamed Novartis Seeds 
AB. When Novartis Agribusiness merged with Zeneca Agrichemicals Syngenta was established and Swedish op-
erations remained under the name of Syngenta Seeds AB. Since 2010, Syngenta has acquired numerous smaller 
companies and merged with larger ones (Howard 2009). From a Swedish perspective since 2010, the most notice-
able one was the acquisition of Lantmännen’s winter wheat and winter oilseed rape operations in Germany and 
Poland (Syngenta 2014). In 2016, one third of its employees in Landskrona were laid off. The following year, after 
Syngenta´s acquisition by ChemChina, the later decided to sell off the sugar breeding programme to the Danish 
DLF. A new subsidiary company of DLF has since emerged: MariboHilleshög was established in October 2017 and 
the “former Hilleshög site in Landskrona, Sweden, is the base for R&D activities in MariboHilleshög and is named 
MariboHilleshög Research AB” (MariboHilleshög 2019).
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The family business of Otto J. Olson & Son AB was established in 1925, focusing on root crops, forages and oil plants 
(Olsson 1997). By 1927, the company was already marketing its own varieties. In the 1930s, the firm expanded, 
primarily through the acquisition of adjacent properties. After the acquisition from ASU in 1961, the company 
was renamed AB Hammenhögs Frö and continued breeding activities in collaboration with ASU in Hammenhög 
until 1971, when SUF took over. In the same year ASU acquired the Swedish subsidiary company Ohlens Enke AB, 
whose operations were transferred to Hammenhög. A few years later, ASU also acquired the Danish parent com-
pany Ohles Enke A/S. By the time Svalöf was established, both Otto J. Olson and Ohles Enke belonged to Svalöf AB. 

Algot Holmberg & Söner AB was established in 1927. By the late 1890s it was already involved in production and 
seed sales with a focus on fodder beets and legumes and had formed a successful collaboration with the Dan-
ish cooperative Pajbjergfonden, which lasted for 40 years (Elovson 1997). Findus couldn’t avoid being taken over,  
either. In 2015 the company was acquired by Nomad Foods, which has its headquarters in the UK. A few months 
later, Findus’ CEO, announced the closure of the production plant in Malmö, with the simultaneous termination 
of plant breeding and pea cultivation by the end of March 2017 (Kolmodin 2017). However, in 2018, the compa-
ny signed a 25-year leasing agreement with Bjuv municipality, ensuring continuation of the plant breeding pro-
gramme for peas (Malm 2018). 

Swedish cultivars; the extent of dependence on foreign-bred varieties
We provide an assessment of the impact of the structural changes that have taken place in the Swedish seed indus-
try as follows: First, by reporting the number of new registrations in the Swedish Plant Variety List (PVL) and new 
registrations in the Swedish PBR list. Granting IPRs such as PBR ensures that only the owner of the variety rights 
can reproduce, process, sell, import and export the variety. Thus, it is a broadly used proxy for innovation. However,  
the availability of a range of new cultivars does not necessarily imply that farmers are opting for such cultivars. 
Thus, as a next step, we identified the origin of the breeding station for all produced cultivars of certified seed in 
Sweden for 2014, 2015 and 2016 and then calculated the percentage of the total volume of the produced seed 
originating from Swedish laboratories. 

Figure 2 shows new registrations for agricultural and horticultural crops on the Swedish Plant Varieties List from 
1971 to 2016. Figure 3 shows new registrations in the Swedish PBRs list. Both figures show a peak in the approved 
varieties of 1995 and 1996, followed by a gradual decline. This is not surprising since being tested and listed in Swe-
den is a common marketing strategy of foreign-bred varieties. Listing a variety in the national catalogue provides 
useful information to farmers and therefore makes the foreign varieties more appealing. A similar approach was 
adopted by Solberg and Breian (2015), whereby the authors reported a remarkable decline in the total number of 
Swedish-bred cultivars: from 261 cultivars in 1952 to 161 in 2013 (Solberg and Breian 2015). However, the authors 
used the total number – as opposed to new registries – of Swedish-bred varieties listed in distinct time periods. 
By examining new registries, we reduced time-lag bias since PBRs last for a period of 20 years. It should be noted 
that the graphs include new registration in both domestic and foreign bred varieties. Therefore as a next step, 
we examine the ratio of domestic to foreign varieties certified in Sweden during the period 2014–2016 (Fig. 4).  
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Fig. 2. Registrations in the Swedish National List of Plant Varieties 1970–2016
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Specifically, Figure 4 reports the results for the crops that show variation between Swedish and non-Swedish- 
bred cultivars based on the class of seed. Classes F, A and B correspond to nucleus, pre-basic and foundation seed 
and classes C, C1, C2, and C3 to certified seed. Wheat and oats are the two crops with a relatively high presence 
of Swedish-bred cultivars. There is still a limited amount of Swedish bred-varieties on the market for winter rye,  
although rye breeding stopped in 2006. In contrast, we found that for the remaining cereal crops, almost all win-
ter barley, spelt, spring durum wheat, spring triticale and maze cultivars were not bred in Sweden. Nor are there 
any Swedish-bred cultivars for oil and fibre plants such as seed flax, soybean, hemp, caraway or sunflower.  

 

0

20

40

60

80

Agricultural species Horticultural species

Fig. 3. Annual Plant Variety Protection Grants (PBRs)
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Fig. 4. Percentage of the volume of the production of certified seed from 2013–2015 that corresponds to 
Swedish-bred cultivars. Note: The level of seed purity decreases along the various classes; starting from 
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of multiplications.
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Note that the average of the years 2013–2015 has been calculated in order to reduce potential bias for annual 
variability. As is evident from the figures, the production volume of Swedish- bred cultivars is highly crop and class 
specific. Plant breeding is a time demanding process – up to 15 years – which implies that a reduction in efforts 
in the near past or in the present will be evident in the future. 

Recent developments in Sweden
Certain initiatives have been taken by private actors, the state or public-private partnerships (PPP) aimed at fa-
cilitating and strengthening plant breeding in Sweden. One example of the latter was a proposal in 2010 by the  
Nordic Council of Ministers for the establishment of a PPP for pre-breeding. Several plant breeding and pre-breed-
ing projects were developed in a collaboration between breeding companies and universities with funding split 
50/50 between public sector sources and the industry. As stated by Nilsson et al. (2016 p. 9) the growing aware-
ness in society of the consequences of increased dependency on seeds from large multinational breeding compa-
nies resulted in the formation of this PPP. 

Another example is the agreement between the Swedish Seed Trade Association (SVUF), the Federation of Swedish 
Farmers (LRF) and the Swedish Board of Agriculture (SBA) concerning the fees for the use of farm-saved seed of 
protected varieties by PBRs. The parties renewed the contract in 2015, including a stipulation according to which 
farmers who fail to declare their use of FSS will face a penalty fee based on their total farm acreage. According to 
SVUF representative, the association was able to implement this regulation due to the value and importance the 
farmers’ organizations are placing on dedicated variety development for the diverse growing conditions in our long 
and narrow country (Henriksson, P. personal communication November 2016). This “compulsory acreage fee” is 
a unique arrangement both in Europe and globally.

Lastly, the state has recently resumed its support of plant breeding in order to facilitate long-term sustainable 
agriculture in Sweden. In January 2017, the government presented a bill on food safety and food chain sustain-
ability, including plant breeding, as a pillar of this strategy (Government White Paper 2017). The focal point of the 
bill with respect to plant breeding is the need to make use of new methods and innovations in order to ensure 
access to local and regional varieties, as well as to contribute to full utilization of production resources and to 
the adaptation of agriculture to climate change. Later the same year, the SBA published an action plan to tackle  
climate change (Swedish Board of Agriculture 2017). According to the plan, plant breeding must be taken into  
account in the development of a sustainable society. Furthermore, the SBA highlighted the need for special capital 
to accommodate the challenges posed by the unique daylight climate conditions. This led to the announcement 
of the Budget Bill in 2018 were of 90 million SEK were allocated for the establishment of a competence centre of 
plant breeding at the Swedish University of Agricultural Sciences (SLU) within a three-year period (Government 
Offices of Sweden 2017).

Discussion 

The Swedish plant breeding and seed production industry due to scientific breakthroughs such as the develop-
ment of monogerm sugar beet seed had dynamic start, which was then followed by several waves of M&A. The 
industry was unable to retain its leading position on the global market. The current domestic production of certi-
fied seed is highly dependent on varieties bred in non-Swedish facilities. The establishment and enforcement of 
IPRs has been a major driving force behind this development. Other reasons include changes in domestic agricul-
tural policy, as well as Sweden’s accession to the EU.

The increased demand for intellectual property protection was a consequence of the advent of biotechnological 
innovation in agriculture. Since the beginning of agriculture, farmers have been producing and saving seeds. They 
would use mass selection in order to improve the yield or quality of the next season’s harvest. However, hybrid-
ization, a breeding technique that provides protection against seed savings, paved the way for controlling plant 
genetic material and reproductive capacities (Kotschi and Horneburg 2018, Muzaka 2018). Since hybrids lose their 
vigour after one generation, farmers turned to outside the farm sources for seed, thus became increasingly depen-
dent on external seeds. At the same time, parent lines of hybrid varieties could also be subject to property protec-
tion (Kloppenburg 2005). As the demand for private seed systems grew, so did the demand for the protection of 
breeding techniques and the developed varieties (Muzaka 2018). For crops that hybridization was not achieved, 
meaning absence of technical protection against seed savings embedded in the seed, IPRs secured proprietary 
control over germplasm and developed varieties (Kloppenburg 2005).
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IPRs, nonetheless, create power asymmetry in the food value chain. Holding IPRs for materials such as genes,  
germplasm or breeding tools essential to the development of new products can generate “patent thickets”;  
a situation that occurs when overlapping set of patents block commercialization of new technologies (Shapiro 
2000, Srinivasan 2003). Theoretically, if a plant breeder has the ability to “design” around a given patent, the power 
that the patent holder can assert is relatively limited (Shapiro 2000). However, in industries such as plant biotech-
nology, which have multiple overlapping patents, some of them already issued while others are still pending, the 
risk of patent infringement is severe. Some companies may refrain from introducing new products because of the 
fear of a holdup problem (Shapiro 2000, Maisashvili et al. 2016). Thus, firms that are able to control intangible 
assets such as IPRs can set barriers to competition (Vorley 2001). Cross licensing or patent pools are two mar-
ket-based solutions to this problem. However, taking into account the high transaction costs, the aggregation of 
IPRs through M&A has proven to be a more efficient approach (Clancy and Moschini 2017).

M&A derived from the need to control relevant IPRs took place in Sweden. Specifically, the dependence on con-
tractual licensing agreements had a profound impact on the decisions taken by SW Seed’s management. According 
to a former research director at Svalöf Weibull AB, for almost two decades, SW Seed, as a medium-sized compa-
ny with international ambitions, found itself exposed to and dependent on licensing agreements (personal com-
munication November 2016). In order to mitigate the impact of this adverse reality, the management team de-
cided to form a partnership with a major multinational corporation that would, however, allow the organization 
to maintain its independence while providing it with access to patents. This aspiration would be realized through 
a collaboration with BASF which, at the time (mid 1990s), was trying to establish itself as one of the last major 
players in plant biotechnology. Despite their best efforts, the partnership did not generate the anticipated results. 

Time delays in the development of genetically modified varieties on the part of BASF and some failed attempts 
in breeding programmes on the part of SW led to a change in attitude within Lantmännen’s management regard-
ing the strategic value of plant breeding – followed by years of gradual disinvestment. In recent years, acquisition 
of the breeding station in Germany by Syngenta and the collaboration with Secobra in 2014 were realized as a 
means of enabling Lantmännen to access material and technologies protected by IPRs and owned by Syngenta 
and Secobra (Gertsson et al. 2014).

M&A and the subsequent dependence on foreign-bred varieties were also brought about by changes in domestic 
agricultural policy. At the beginning of the 20th century, it was broadly accepted that the public sector was best 
suited to conducting breeding activities due to the nature of the process and the outcome. Breeding is a time-con-
suming process associated with basic and fundamental research and the welfare effects generated by the devel-
opment of new varieties are split across society, rather than specific groups (Helgadottir 2014). Thus, government 
institutions allocated the necessary resources to the cultivation of new varieties. An example of such state support 
was the establishment of SUF which, in practice, has been a semi-public sector research institute, with breeding 
programmes targeting both marginalized crops and regions. For many decades, it was often requesting for breed-
ing organizations in Svalöf to be unified by gradually integrating all breeders into one organization. However, this 
request was only realized in 1980. One of the biggest issues to overcome at the time was the extent of financial 
support from the state. Farmers demanded the continuation of state involvement in breeding while the state, to 
some extent, was planning to reduce its involvement (Kuylenstjerna 1997). Eventually an agreement was reached: 
the state would continue to fund crops whose breeding was deemed unprofitable. This was a transitional period for 
breeding in Sweden. Svalöf had the twin objective of being profitable while also continuing to breed marginalized 
but socially valuable crops. At the end of the 1980s, the political climate changed. The state decided to reduce land 
allocated for agricultural production and cease supporting costly programmes. At the time of the Svalöf-Weibull 
merger, the state withdrew from Svalöf and plant breeding in Sweden was reduced by 25% (Kuylenstjerna 1997). 

Recently, the lack of public support and subsequent dependence of Swedish breeders on MLC was raised by the 
chairperson of the board of Lantmännen. When commenting on recent changes at SW Seed, he stated that the 
private sector was not in a position to bear the cost of R&D related to breeding on its own and drew attention to 
the state’s need to resume financial support through university-driven research that could be utilized by private 
breeders (Åhman et al. 2016).  

Another catalyst for the decline was Sweden’s accession to the EU in 1995. Historically, Swedish breeders only de-
veloped high-quality varieties. After joining the EU and the concurrent radical changes in the agricultural sector 
brought about by the application of the Common Agricultural Policy to Swedish agriculture, breeders faced fierce 
competition from foreign varieties (Kuylenstjerna 1997). This was because, prior to EU membership, foreign vari-
eties had to be registered on the Swedish PVL. The Swedish Plant Variety Office had been able to maintain strict 
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quality requirements for new varieties. After 1995, varieties from other EU countries could be marketed direct-
ly in Sweden without any requirement to be listed on the national PVL. This decline is evident in Figures 3 and 4. 
Starting from the 1970s, annual registrations in the Swedish PVL and PRBs lists increased up until 1995. The 1995 
pick follows a gradual decline, which has continued until the present day. 

This decline can also be understood considering Sweden´s location and climate conditions; a country with small 
area of arable land – less than 3% of the EU’s total utilized agricultural area – and a harsh climate that affects crop 
production in most parts of the country. This means that the domestic market for inputs in crop production is 
small. International actors have limited interest in developing varieties that are suited to the Nordic climate, given 
that R&D costs, combined with the cost of registration and seed multiplication, would exceed revenues (Official 
Reports of the Swedish Government 2015). Multinational breeding companies focus their research activities on 
the most profitable crops and crops that are cultivated on a large scale, rather than small markets. Therefore, the 
gap that was created when the state ceased the support of breeding programs focusing on marginalized areas or 
crops, was not replaced by the private sector. 

Domestic breeding programs nevertheless, generate financial gains in agricultural production. Varieties devel-
oped for Northern Germany or Denmark, perform less satisfactorily in the northern parts of the country resulting 
in productivity losses. According to Lantmännen, the additional added value of domestically-bred varieties from 
2009–2014 reached SEK 390 per hectare (Gertsson and Olesen 2016). The annual added value of Swedish bred 
varieties for cereal, oilseed, fodder and pea crops has been reported to be SEK 400 million (Nilsson and von  
Bothmer 2010). Furthermore, in countries in which public plant breeding has a significant presence, the average 
price of seed is lower, which decreases the cost of farm inputs, thereby increasing farmers’ profitability (OECD 2018).  

Lastly, plant breeding is a valuable and cost-effective tool in Sweden for meeting climate change challenges (Hen-
riksson 2010, Helgadottir 2014, Gertsson and Olesen 2016). An IPCC report has estimated future temperature in-
creases based on three different scenarios. These scenarios have been applied to local climate models in order 
to predict the direction in which Sweden is heading. The estimates show an increase of 1°C up to 2.5 °C by 2040 
(Kjellström et al. 2016). An expansion of the growing season is anticipated, which will increase the diversity of 
cultivated crops, especially for the north-western parts of the country. However, the decline in rainfall that is also 
anticipated could pose a threat to the primary sector in Sweden (Swedish Board of Agriculture 2012). Broadening 
the genetic base of local crop plants could be a way of addressing these concerns and ensuring the competitive-
ness of the agricultural sector (Helgadottir 2014, Eriksson et al. 2018). 

Conclusions 

The aim of the article is to map the evolution of plant breeding industry in Sweden and to provide an assessment 
of the use of cultivars that have been bred domestically over foreign bred cultivars. We find that Sweden lost its 
leading role in global markets and the ability to control domestic market. A period of expansion and growth was 
followed by several waves of M&A. The establishment and enforcement of IPRs played a significant role in the 
evolution of the plant breeding industry in Sweden and internationally as they spurred M&A. An outcome of this 
development is the high usage of certified seed produced from varieties bred in non-Swedish laboratories. Ad-
ditionally, it is broadly recognized that breeding companies in Sweden are no longer capable of bearing the con-
siderable cost of plant breeding on their own. The future of plant breeding in Sweden is tied to partnerships with 
major international actors and to the extent of government financial support.
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