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Agricultural diversification is one way of meeting the future challenges associated with climate change and pop-
ulation growth, making farmers’ access to a diversity of high-yielding, good quality cultivars critical. In this pa-
per we provide an overview of the seed system in the Nordic region from the 1950 to the present. The empha-
sis is on breeding businesses and their production of cultivars. Key primary sources have been the national va-
riety lists, other written sources on plant breeding, and a survey. We document how enterprises have merged
and how this consolidation process has affected the production of new cultivars and led to an emphasis on ma-
jor crops, resulting in the abandonment of breeding activities for several other crops. The results are discussed
in relation to structures and in the broader context of agrobiodiversity issues in peripheral regions of the world.
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Introduction

Access to good quality, high-yielding cultivars matters not only to farmers, but to society as a whole. Today, pop-
ulation growth, environmental pollution and climate change are major global challenges. Notwithstanding the
immense challenges in this context, agriculture needs to produce more food, but with less environmental impact
and under unpredictable climatic conditions (Hassol 2004, Nierenberg 2013, Betts and Hawkins 2014). Diversity
in genetic combinations of seeds has been identified as important to a more systemic approach to climate change
adaptation (Subbarao et al. 2005). Here, heterogeneous rather than homogeneous principals are potential solu-
tions (Marshall 1977). Farmers have been selecting and saving seeds for thousands of years, domesticating and
adapting crops to new growing conditions. Cereals, vegetables and other crops have been bred to meet human
needs. The first dominant breeding method was line selection, but in the early twentieth century crossing meth-
ods were introduced, resulting in increased yields (Nilsson-Ehle 1906, Akerman et al. 1951). Technological devel-
opment has continued and farmers have become dissociated from the crop improvement process, where a lim-
ited number of transnational pharmaceutical or chemical corporations have grown at the expense of farmer co-
operatives and of small family businesses (Schimmelpfennig et al. 2004, Fernandez-Cornejo and Just 2007, How-
ard 2009). However, global trends may not be uniform everywhere, all the less so in a peripheral region such as
the Nordic countries. In this paper, emphasis is on farmers’ access to relevant cultivars and the practice of plant
breeding that produces these cultivars. In light of climate change this includes access to genetic material, facilitat-
ing a heterogeneous cropping system. Although we are aware of the complexity of the seed system and the po-
litical economy involved, we try to provide an overview of developments in the Nordic countries. We document
how structures in our region have changed and how farmers’ access to nationally or regionally bred cultivars has
decreased gradually and even disappeared entirely for some crops. Simply replacing such cultivars with import-
ed cultivars from regions further south yet being able to compete on an open market may not be an option. We
argue for the importance of locally adapted high-yielding cultivars of a range of different crops and provide an
account of the situation from the 1950s to the present. Breeding/seed enterprises (framed here as agents), new
cultivars (framed as practice) and important structures are identified and analyzed; major changes are identified
and discussed. The study attempts to: (1) overview the present practice and agents and (2) overview past practice
and agents and analyze developments since. The emphasis is on the Nordic countries and on Sweden in particu-
lar, both because the Nordic countries and Sweden have had and continue to have extensive plant breeding ac-
tivities, but also because we are located in a peripheral region of the world. Trends identified in this study would
be relevant for similar geographic regions.
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Material and methods
Concepts and framework

The theory of practice stories, as described and applied by Karen O’Reilly (2012) which builds on structuration the-
ory (Giddens 1984, Stones 2005), serves as a framework for the overview. Key concepts are external structures,
internal structures, agents and their practices, and outcomes.

External structures refer to factors that influence the activity/practice of an agent, either at an upper, structur-
al layer (global forces) or at more proximate layers (closer to the agents and more open to influence). Internal
structures refer to what in the minds of the agents and in their perceptions of the situation. Internal structures
include habitus (dispositions) and more proximate internal structures as acting or knowing or learning. Both ex-
ternal and internal structures create constraints on and opportunities for action/practice - in our case related to
plant breeding. Agents or communities of agents are plant-breeding enterprises, institutions or networks engaged
in plant breeding.

Over time, these practices are reshaping the more proximate external and internal structures, a process termed
outcome in this study (Fig. 1). Applied to plant breeding and seed systems, the outcomes can be seen for example
as changes in seed regulations. The outcome can be any large or small change; it is of a temporary nature, open
to possibilities of further changes when new practices emerge.

Plant breeding is carried out in various settings, in historically perspectives by farmers and gardeners’ communi-
ties, but nowadays mostly in national or international breeding enterprises, in governmental institutions or part-
nerships including research, breeding and seed industry. These are key agents or communities of agents. In addi-
tion, farmers and farmers’ communities and governmental bodies are important stakeholders in the seed system,
representing the market of cultivars and regulating the market.

External structures

I QOutcome

Practice of

Agents

Qutcome
Internal structures

Fig. 1. lllustration of a conceptual model of the study

Data gathering process

National variety lists were used to extract information on agents and practices. The name and number of breeding
enterprises and the number of listed cultivars are key measures in this overview. The main objective of plant breeding
is the creation of a new commercial cultivar, and records on listed cultivars and enterprises are easily available, also
historically, for past cultivars and enterprises. Primary sources for current developments are the last official national
variety lists from Denmark (Naturerhvervstyrelsen 2014), Norway (Norwegian Food Safety Authority 2014), Finland
(Evira 2014), Iceland (Landbunadarhaskdli islands 2014), and Sweden (Official Swedish List of Cultivars 2014). Addi-
tional primary sources for the description of the current seed system were the enterprises’ homepages and a stake-
holder survey. An online stakeholder survey conducted in 2013 was used to gather information on how diverse groups
of stakeholders view the cultivar situation. A number of different claims related to plant breeding and farmers’ access
to varieties with emphasis on the Arctic sub-region within the Nordic countries were presented (Solberg et al. 2014).
As day length and temperature requirements makes the import of cultivars from central Europe impossible, the Arc-
tic region faces particular constraints in its access to good cultivars. Key institutions - comprehending plant breeding
enterprises, research institutes, farmers’ organizations, authorities, NGOs, and others - were invited to participate.
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Using Google Form, the survey was sent via an email link to 95 key individuals in these institutions. A total of 45
respondents completed the survey, giving a response rate of less than 50%. Despite the low total number of re-
spondents, the survey was regarded as useful because of the key roles of those who were invited. The response
to the various claims was given on a scale from 1 = strongly agree to 5 = strongly disagree.

Primary sources for the historical overview are records of listed cultivars from the National Plant Variety Board in
Sweden (Official Swedish List of Cultivars 1952, 1960, 1970, 1980, 1990, 2000, 2007, 2013). These years were se-
lected to cover the time span from the present to the establishment of common national variety lists in Sweden
in the early 1950s (Official Swedish List of Cultivars 1952). Additional primary sources for the study of vegetables
were the annuals from the official Swedish classifying trials (Lamm et al. 1945, 1952, 1957, 1960 and 1963). After
1963, the annuals for vegetables were incorporated in the National Plant Variety Board’s official national variety
list. Records for the cultivation area were taken from countries’ official statistics: Swedish Board of Agriculture
(2008, 2013a), Official Statistics of Finland (2014), Statistics Norway (2011), Danish Agriculture and Food Council
(2014), and Statistics Iceland (2014) respectively.

Other sources used are articles and books, and these were used to identify important external structures. The
Swedish Seed Association Journal was a key source, with the work of Nilsson and von Bothmer (2010a), Henriksson
(2010) and Kraft (2010) representing key articles. Furthermore, the book “Den svenska véxtférddlingens historia”
with the chapters by Farjesson (1997), Olsson (1997), Persson (1997), and Sjédin (1997) and the book “Svensk
vixtforddling” (edited by Akerman et al. 1951), with the chapter on institutions and private enterprises in Swed-

ish plant breeding (Froier 1951) were key sources.

Data analysis and interpretation

The relevance of national variety lists as a measure for farmers’ access to cultivars was checked by matching the
Swedish national variety list in 2013 with the overview of certified seed trade in Sweden in 2012/13 and 2013/14
(Swedish Board of Agriculture 2013b; 2014). The matching indicated that 73% of the listed forage legume cultivars
have been traded, while the share for forage grasses is 70%; 54% for cereal, 50 % for pulses and 40% for oil crop
cultivars. In addition, farmers have access to cultivars which are listed in other EU member countries and have
been imported to the Nordic countries. In Sweden, more than 100 such cultivars are traded annually, albeit many
of these in very limited amounts. Farmers’ access to cultivars is therefore higher than is indicated by the national
list alone; however, the access to relevant cultivars may not be as high. In addition, cultivar diversity must be con-
sidered in interpreting these numbers. A high number does not necessarily imply a high level of diversity. For ex-
ample, most of the hundreds of oilseed rape (Brassica napus var. olifera) cultivars listed in Denmark are hybrids,
not necessarily with very high diversity. We would assume that public breeders (in the past) were more careful
when releasing and registering a cultivar than private enterprises are today.

Once identified, agents and structures were analyzed, applying qualitative content analysis and qualitative case
study methods. In the analyses, interaction between agent and structure plays a central role and the ways in which
this interaction influenced breeding practice and cultivar production. Content analysis is described as a process of
identifying patterns or themes. This form of analysis was especially useful for the identification of essential struc-
tures. A qualitative case study method is an intensive investigation of a single unit of the study. This was especially
useful for the investigation of historical Swedish plant breeding. Statistical analyses of numeric data were carried
out by applying R software (R Core Team 2014). Tables were prepared to present the number of listed cultivars in
a given year for the various crops, and the number of cultivars within each crop group was compared to cultiva-
tion area. Regression analyses were performed to analyze trends over time. Unless otherwise indicated, a linear
model with 95% significance level was applied.

Results
Current enterprises and commercial cultivars

In this section, emphasis is on mapping existing enterprises and their production of commercial cultivars in the
Nordic countries. We also detail the results of the stakeholders’ perception, concentrating on results from the
Arctic region.
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Enterprises and cultivars

Table 1 shows the enterprises or institutes and their respective crops with ongoing plant breeding programmes in
the Nordic countries. Most of these businesses are majority-owned by either farmer communities or local funds
(Lantmannen SW, DLF Trifolium, Sejet, Nordic Seed, LKF Vandel), or by the national state (Boreal and Graminor).
In some instances breeding is done in a governmental institution (Swedish University of Agricultural Sciences,
MTT Agrifood, Agricultural University of Iceland). Large transnational companies with combined chemical and
seed business are represented in the region by Syngenta Seeds, who mostly breed sugar beet (Beta vulgaris var.
altissima). A few years ago Syngenta acquired the Danish company Maribo, and Daehnfeldt; breeding of sugar
beet, however, was moved to Sweden, and vegetable breeding to other countries. Most of the Nordic breeding
enterprises have collaborations or partnerships with enterprises outside the region, most commonly with larger
companies in France, the Netherlands and Germany.

Table 1. Overview of plant breeding for food and agriculture in Sweden, Denmark, Finland, Norway and Iceland in 2014 (only
breeding programmes carried out in the Nordic area are included, micro-companies do exist and are listed in the footnote)

Country Enterprise/Institute Crops
Sweden? Lantmannen SW Barley (spring type) (Hordeum vulgare), oat (Avena sativa), winter wheat (Triticum
aestivum), spring wheat, spring oilseed rape, forage grasses, red clover (Trifolium
Syngenta Seeds pratense), white clover (T. repens), lucerne (Medigaco sativa)
Findus Sugar beet
Swedish University of Wrinkled pea (Pisum sativum)
Agricultural Sciences Potato (Solanum tuberosum), fruit, berries
Denmark? Carlsberg Barley (spring type)
Sejet Plant Breeding Barley (both spring and winter types), winter wheat
Nordic Seed Barley (spring and winter types), winter wheat
DLF Trifolium Forage grasses, red clover, white clover, fodder beet (Beta vulgaris)
LKF Vandel Potato
Finland Boreal Barley, oat, rye, spring wheat, winter wheat, spring turnip rape (Brassica rapa ssp.
campestris), field pea, faba bean (Vicia faba), potato, forage grasses, red clover
MTT Agrifood Research breeding on fruit and berries
Norway? Graminor Barley, oat, spring wheat, potato, forage grasses, red clover, white clover, lucerne,
fruits and berries
Iceland Agricultural University of Barley, timothy (Phleum pratense), white clover
Iceland

YIn Sweden: TD Foradling is a micro-company that continues to have field pea on the variety list in 2014. In addition there is participatory
breeding among organic farmers. 2In Denmark: Maribo seeds still continue to be listed with sugar beet, fodder beet, field pea, wrinkled
pea. They were a large player, but breeding has moved to other partners in the Syngenta group. In Denmark, Toft Plant Breeding was also
important and continues to have field pea, faba bean listed in 2014, but breeding has stopped. Of micro enterprises there are Bio-Plant/
@lgaard with breeding on leek (Allium porrum) and cabbage (Brassica oleracea), Eghgjgaard on narrow leaved lupin (Lupinus angustifolius),
Knold&Top on swede (Brassica napus var. napobrassica) and oil seed rape, Reffstrup on hop (Humulus lupulus), Kallehave on apple (Malus
domestica) and pear (Pyrus communis) and the participatory cereal breeding amongst the organic farmers. 3In Norway: breeding of swede
is still to some extent carried out in an agricultural school in northern Norway.

Table 2 shows the number of cultivars on the national variety lists and sorted by crop groups. Both the num-
ber of nationally bred cultivars and the number of cultivars bred in other countries, but listed in the country, are
given as well as the nation’s cultivated area of that type of crops. Except for Sweden, the number of nationally
bred cultivars on the national variety list is lower than the corresponding number from other countries. Figure
2 illustrates the cultivar exchange among the Nordic countries, but also the large-scale import of cultivars from
other European countries. The illustration shows that importation from Germany, the Netherlands and France is
greater than the number of Nordic exchanges. Hybrid cultivars completely dominate among sugar beet and oil
crops, as well as among numerous vegetable crops like cauliflower (Brassica oleracea var. botrytis), cucumber
(Cucumis sativus) and tomato (Lycopersicon esculentum), a situation that has remained unchanged since the 1980s.
Hybrid cultivars of rye have more recently entered the Nordic market, and around 50% of the rye cultivars are now
hybrids. No genetically modified cultivar for food production has been listed in the Nordic countries except for
one cultivar of fodder sugar beet (Beta vulgaris ssp. vulgaris var. alba) in Denmark.
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Table 2. Number of cultivars bred in the country and listed on respective national variety list in 2014! (in parenthesis is the numbers
bred in other countries but listed on the respective national variety list) and cultivation area and number of cultivars per 1000 ha

Crop group Details Finland Norway Denmark Sweden Iceland
Qil and fibre Number of cultivars (sum) 15 (19) 0(8) 2 (140) 19 (9) 0(3)
crops® Cultivation area (in 1000 ha) 53 5,5 176 110 -
National bred cultivars per 1000 ha 0.28 0 0.01 0.17 -
Sugar beet Number of cultivars (sum) 1(2) 6(3) 28 (46) 15(17) 2(4)
and other Cultivation area (in 1000 ha) 12 - 45 39 -
root crops National bred cultivars per 1000 ha 0.08 - 0.62 0.38 -
Potato Number of cultivars (sum) 10 (29) 21 (35) 21 (41) 7 (10) 2(3)
Cultivation area (in 1000 ha) 23 12,7 40 24 -
National bred cultivars per 1000 ha 0.43 1.65 0.53 0.29 -
Cereals’ Number of cultivars (sum) 70 (119) 33 (33) 70 (99) 60 (19) 3(28)
Cultivation area (in 1000 ha) 1194 292 1435 1000 5,3
National bred cultivars per 1000 ha 0.06 0.11 0.05 0.06 0.57
Pulses® Number of cultivars (sum) 7(9) 0(2) 10 (9) 7(1) 0(5)
Cultivation area (in 1000 ha) 12,3 - 8 40 -
National bred cultivars per 1000 ha 0.57 - 1.25 0.18 -
Forage Number of cultivars (sum) 4(10) 17 (7) 7 (3) 21 (2) 0(14)
legumes? Cultivated meadow area (in 1000 ha) 465 476 566 1177 89
National bred cultivars per 1000 ha 0.008 0.036 0.012 0.017 0
Forage Number of cultivars (sum) 24 (39) 29 (43) 19 (10) 28 (9) 3 (45)
grasses* Cultivated meadow area (in 1000 ha) 465 476 566 1177 89
National bred cultivars per 1000 ha 0.052 0.061 0.034 0.024 0.034
Vegetables Number of cultivars (sum) 0 (0) 8 (1) 20 (75) 16 (8) 0(0)
Cultivation area (in 1000 ha) - 7,1 10 16 -
National bred cultivars per 1000 ha - 1.1 2.0 1.0 -
Sum Number of cultivars (sum) 131(227)  114(130) 177 (423) 173 (75) 10 (100)
Cultivation area sum (in 1000 ha) 1759 793 2280 2399 94
National bred cultivars per 1000 ha 0.07 0.14 0.08 0.07 0.11

1For all countries: fruit and berries, turf grass and energy crops not included. Conservation varieties are not included. 2 Root crops for
Finland and Sweden include sugar beet and swede, for Norway fodder beet, forage rape (Brassica napus), swede and turnips (Brassica
rapa subsp. rapa), for Denmark sugar beet and forage beet. * Forage legumes include alsike- (T. hybridum), red- and white clover. In
addition, vetch (Vicia sativa) included for Finland, and lucerne for Norway and Denmark. * Forage grasses for Finland include cooksfoot
(Dactylis glomerata), meadow fescue (Festuca pratensis), Festulolium (Festuca spp. X Lolium spp.), tall fescue (Festuca arundinacea),
perennial ryegrass (Lolium perenne), smooth brome (Bromus inermis), Italian ryegrass (Lolium multiflorum ssp. italicum), Westervoldian
ryegrass (Lolium multiflorum var. westerwoldicum) and timothy. For Norway the listed forage grasses are the same species except for
smooth brome, but include red fescue (Festuca rubra) and three other species. ° Pulses in Finland include faba bean and field pea, in
Norway only faba bean and in Denmark faba bean, field pea and narrow leaved lupine. © Oil and fiber crops for Finland include spring
rape seed, spring turnip rape, flax (Linum usitatissimum), common sunflower (Helianthus annuus), fiber-hemp (Cannabis sativa), and
false flax (Camelina sativa), while in Norway only spring rape seed and spring turnip rape, and in Denmark winter and spring rape seed
and caraway (Carum carvi). "Cereals also including maize (Zea mays).

Holland 29

Germany 24
Poland & GE:lma;y s0
Holland 17
Holland 6 Other 5 Holland
Germany 6 ¢
England 3 Germany 179 Germany 24 Estonia 4
: Other 13
Other 3 France 70 Holland &
Holland 38 A
UK 10 Other 11

Switzerland 5
usa 4
Other 5

Fig. 2. lllustration of number of cultivars from other countries that are listed in a respective

Nordic country based on information from the last national variety list in the country.
Included in the numbers are all crops used as food and agriculture minus fruit and berries.
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Stakeholders’ survey in the Arctic region

The survey on stakeholder perceptions of the situation indicates that the majority of the respondents in the Arc-
tic region regard a lack of good cultivars as a constraint for Arctic food production (median score 2 on a scale from
1 to 5, where 1 indicates “strongly agree”). Almost all responses strongly agreed or agreed with the claim that
there is a need for new cultivars in the Arctic (median score = 1 on a scale from 1 to 5). Many agreed that re-in-
troducing old cultivars (no longer on the variety lists) might be of interest (median score 2 on a scale from 1 to
5). Regarding variety testing, around 65% of the responses disagreed with the claim that there is proper variety
testing in the region, that there is an official will/support for variety testing in the region, and that there is a will/
support from breeding enterprises/institutions for variety testing (all with median score 4 on a scale from 1 to 5,
where 5 is strongly disagree).

Records from the past: Sweden as a case study

Enterprises and cultivars

Modern plant breeding in Sweden started in 1886 when farmers and landlords formed the Swedish Seed Asso-
ciation (Froier 1951). At the same time, a marketing company, Allmanna Svenska Utsddedaktiebolag, was set up
(Nilsson and von Bothmer 2010a). A few years later, W. Weibull AB was established (in 1870), focusing on seed
production on tuber crops. A third company was established in 1907, Sockerbolaget, focusing mainly on sugar beet
(Kraft 2010). AB Carl Engstrom was formed in 1926 to breed agricultural crops (Froier 1951), and Algot Holmberg
& Soner AB followed in 1910; Otto J. Olsson in turn was formed in 1926 (Olsson 1997). In addition there vegeta-
ble breeding was carried out at J.E. Ohlsens Enke, at L. Daehnfeldts frohandel , and at Statens Tradgardsforsok in
the 1930s and1940s. Breeding in fruits and berries started at Balsgard in 1941 (Froier 1951).

Hilleshog Fro AB continued with sugar beet, first as part of Cardo, which was sold to Volvo in 1986, before being
sold on first to Sandoz, then to Novartis, and finally to Syngenta in 2000. The Swedish Seed Association and Otto
J. Olsson & Son merged in 1971. In addition, the Swedish branch of Ohlsens Enke was included, as was the Dan-
ish branch of Ohlsens Enke a few years later also (Olsson 1997). In 1975 the Allm&nna Svenska Utsadedaktiebolag
formed Svalof AB, 50% state-owned, and a further 50% share owned by Lantmé&nnen AB (Nilsson and von Bothmer
2010a). W.Weibull AB had already bought Algot Holmberg & Séner AB in 1966, and in 1992 Sval6f AB and W. Weibull
AB merged. By 1992 there only two breeding companies thus remained in Sweden: Svalof Weibull AB and Syn-
genta Seed AB. The Swedish state sold its shares. In 2005 the vegetable segment was closed. Today, Sval6f Weibull
AB is part of Lantmannen (as Lantmannen SW Seeds) marketing its products in more than 40 countries, with the
other Nordic countries forming its primary market, followed by the Baltic countries, Germany and Poland (Gert-
son et al. 2010). In 2009, SW Winter Oilseed AB was established with SAS Maison Florimond Desprez, France and
Elsoms Seeds Ltd, UK, exclusively focusing on winter oil seeds. Breeding and genetic research is carried out at the
Swedish University of Agricultural Sciences, focusing on selected horticultural crops and potato (Henriksson 2010).

In Sweden, the number of listed cultivars from national breeding programmes has decreased since the 1950s
(Table 3 and 4). However, on average the number per 1000 ha has been quite stable (as the cultivated area also
is reduced). A reduction is evident for root crops other than sugar beet, for pulses, for red clover and for all types
of vegetables. The reduction is clear, regardless of how we calculate (number of cultivars or number of cultivars
per 1000 ha). For vegetables, some Danish cultivars that were also listed in Sweden are included in the num-
bers given. This is because the same enterprises were working in the two countries and had cultivars tested and
listed both places, before subsequently merging. There has been extensive trade in Danish vegetable cultivars
in Sweden. On the lists from 1952, 1960, 1970 and 1980, cultivars from Ohlsens Enke in Denmark dominated
the Swedish vegetable lists together with cultivars from the Swedish enterprises W. Weibull and Hammenhag.
In 1952 and 1960 the Swedish list contained only Swedish and Danish cultivars. If we look at the number of cul-
tivars bred in other countries but listed in Sweden, the numbers have risen from the 1950s to the 1990s (re-
sults not shown), but have since declined. This latter development is a result of Sweden joining the EU in 1995,
which resulted in legal changes that allowed the sale and use of cultivars listed in other EU countries in Sweden.
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Table 3. Agricultural crops; number of Swedish bred cultivars on the official variety lists from 1952 to 2013, and cultivation area
and number of cultivars per 1000 ha

Crop

1952 1960 1970 1980 1990 2000 2007 2013

Qil crops

Sugar
beet

Other
root
crops

Potato

Cereals

Pulses

Forage
legumes

Number of Swedish cultivars (sum)
Oil seed rape — winter

Oil seed rape — spring

Turnip rape

Poppy (Paper sp)

White mustard (Sinapis alba)

Flax

False flax

Cultivation area (in 1000 ha)

Oil crop cultivars per 1000 ha
Number of Swedish cultivars (sum)
Cultivation area (in 1000 ha)
Sugar beet cultivars per 1000 ha
Number of Swedish cultivars (sum)
Fodder beet

Fodder sugar beet

Fodder carrot (Daucus carota)

Turnips

Cultivation area (in 1000 ha)
Other root crop cultivars per 1000 ha
Number of Swedish cultivars (sum)
Cultivation area (in 1000 ha)
Potato cultivars per 1000 ha
Number of Swedish cultivars (sum)
Oat

Barley

Wheat — winter

Wheat — spring

Rye

Cultivation area (in 1000 ha)
Cereals cultivars per 1000 ha
Number of Swedish cultivars (sum)
Pea - dry types

Faba bean

Bean —dry types

Soya bean (Glycine max)

Common vetch

Narrow leaved lupine

Cultivation area (in 1000 ha)
Pulses cultivars per 1000 ha
Number of Swedish cultivars (sum)
Red clover

White clover

Alsike clover

Lucerne

Cultivated meadow area (in 1000 ha)

Forage legumes cultivars per 1000 ha

28 20 27 18 32 24 24 22
3 4 9 5 7 8 7 6
1 1 4 5 12 4 10 14
2 7 5 4 9 10 7 2
1 1 1 1 1 1 0 0
9 1 2 1 1 1 0 0
10 5 5 2 2 0 0 0
2 1 1 0 0 0 0 0
179 68 96 177 168 59 92 110
0,16 0,29 0,28 0,10 0,19 0,41 0,26 0,20
0 0 3 20 13 9 11 12
54 50 40 52 50 55 41 39
0,00 0,00 0,08 0,38 0,26 0,16 0,27 0,31
42 36 12 5 3 0 0 0
16 14 5 2 1 0 0 0
13 14 4 2 1 0 0 0
1 0 0 0 0 0 0 0
12 8 3 1 1 0 0 0
43 20 1 0,5 0,2 0,1 0,1 0,1
0,98 1,80 12,00 10,00 15,00 0,00 0,00 0,00
3 4 2 6 9 16 12 11
121 93 65 40 36 32 28 25
0,02 0,04 0,03 0,15 0,25 0,50 0,43 0,44
89 61 65 65 63 62 68 57
26 16 18 13 18 18 15 13
23 18 19 31 27 31 21 21
17 10 10 8 11 4 12 12
15 12 15 11 6 6 10 6
8 5 3 2 1 3 10 5

1349 1453 1632 1604 1336 1229 990 1000
0,066 0,042 0,040 0,041 0,047 0,050 0,069 0,057

19 22 24 20 18 12 12 11
13 13 12 10 11 7 7 7
0 1 1 3 3 1 1 0
3 3 4 4 3 4 4 4
0 2 2 1 1 0 0 0
2 2 4 2 0 0 0 0
1 1 1 0 0 0 0 0
25 18 7 16 33 37 29 40
0,76 1,22 343 1,25 055 0,32 0,41 0,28
44 36 34 28 26 23 19 20
34 22 20 15 15 14 12 12
5 7 5 5 5 4 5 5
3 4 4 3 2 1 1 1
2 3 5 5 4 4 1 2

1484 1329 1031 914 929 925 1095 1177
0,030 0,027 0,033 0,031 0,028 0,025 0,017 0,017
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Table 3. continues

Forage
grasses

SUM

Number of Swedish cultivars (sum)
Smooth brome

Field brome (Bromus arvensis)

Cooksfoot

Meadow fescue

Tall fescue

Swamp meadow-grass (Poa palustris)

Red fescue

Late meadow grass (Poa palustris)
Westerwold ryegrass

Italian ryegrass

Perennial ryegrass

Hybrid ryegrass (Lolium x boucheanum)
Timothy

Smooth-stalked meadowgrass (Poa pratensis)
Red top (Agrostis gigantea)

Cultivated meadow area (in 1000 ha)
Forage grasses cultivars per 1000 ha
Number of cultivars

Cultivation area (in 1000 ha)

Swedish cultivars per 1000 ha
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Table 4. Vegetables; number of Swedish bred cultivars on the official variety lists from 1952 to 2013, and
cultivation area and number of cultivars per 1000 ha

Vegetable crop 1952 1960 1970 1980 1990 2000 2007 2013
Pea - vegetable types 43 36 18 4 4 2 5 6
Bean - vegetable types 26 18 19 9 0 0 0 0
Broad bean (V. faba var. faba) 1 1 0 0 0 0 0 0
Cabbages 40 39 44 24 14 11 4 6
Onion (Allium cepa) 6 7 7 6 3 2 1 0
Leek 6 5 8 7 3 1
Carrot 21 23 23 21 14 5 5 1
Parsnip (Pastinaca sativa) 6 6 5 2 2 0 0 0
Parley (Petroselinum crispum) 7 8 8 6 5 1 0 0
Radish (Raphanus sativus) 19 34 29 10 11 2 3 0
Garden beet (B.v. var. conditiva) 12 10 12 7 6 4 3 2
Celery (Apium graveolens) 4 3 3 1 1 0 0 0
Dill (Anethum graveolens) 2 5 8 4 5 2 0 0
Lettuce (Lactuca sativa) 11 8 6 2 5 1 2 1
Spinach (Spinacia oleracea) 18 22 11 2 5 2 1 0
Tomato 16 14 8 2 5 2 3 1
Cucumber/gherkin (Cucumis sp.) 36 26 22 14 11 5 2 2
Melon (Cucumis melo) 9 5 3 1 1 1 1 1
Sweet pepper (Capsicum annuum) 0 0 1 1 1 0 0 0
Number of Swedish cultivars (sum) 283 270 233 121 101 47 33 21
Cultivation area (in 1000 ha) 8,6 10,7 12,8 12 11 10,4 14,9 15
Swedish cultivars per 1000 ha 32,9 25,2 18,2 10,1 9,2 4,5 2,2 1,4
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In Sweden, plant breeding in several agricultural crops has ceased since the 1960s, putting an end to breeding in
six species of pulses, (soya bean, faba bean, common vetch, narrow leaved lupine, dry bean, both field and soup
peas), three species of root crops (swede, turnips, fodder beet), six forage grass species (smooth brome, field
brome, swamp meadow-grass, late meadow grass, hybrid ryegrass, redtop) and five oil and fibre crops (white
mustard, flax, false flax, fibre-hemp, and poppy). Changes are even more dramatic for vegetable crops. Since the
1960s, breeding has been discontinued in eighteen vegetable species (common bean, broad bean, cabbage, on-
ion, leek, carrot, parsnip, parsley, radish, garden beet, celery, dill, lettuce, spinach, tomato, cucumber, melon, and
sweet pepper) and today breeding activity continues only for a single species (wrinkled pea). Vegetable breeding
is also very limited in the other Nordic countries.

Agent and structure interactions

In this section we will identify how external structures have influenced plant breeding in Sweden. At an upper
structural layer, globalization and the EU’s common market as well as new molecular methods in plant breeding
were identified as important for the Swedish case. At a more proximate layer, governmental support, the Interna-
tional Union for the Protection of New Varieties of Plants (UPOV 2014), plant breeders’ right and official variety
lists and control were identified as keys (Fig. 3).
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Fig. 3. lllustration of the number of nationally bred cultivars of agricultural crops and vegetables
that were listed in Sweden from the 1950s onwards, and with contemporary important external
and internal structures

From an early point in time the Swedish government demonstrated its awareness of the value of plant breeding,
while also being acquainted with the economic challenges associated with breeding practice. Already a few years
after the establishment of the Swedish Seed Association, financial support was given to the association (Nilsson
and von Bothmer 2010a). Later, in the 1920s, W. Weibull AB also had to request funding from the Swedish gov-
ernment (Fajersson 1997). At this time, plant breeding was a relatively new practice; farmers still tended to save
seeds and use the old local varieties (landraces). The idea of a royalty system as opposed to governmental funding,
was proposed by Weibull as early as in 1948 (Fajersson 1997). This is a good example of structure-agent interac-
tion. At that time Gunnar Weibull was the president of ISSINSEL (The International Association for Plant Breeding
Companies). ISSINSEL suggested an international convention for plant breeders’ rights, a convention that became
a reality in Paris in 1961 and formed the basis for UPOV. Official variety tests and controls are important com-
ponents of the seed system. In 1924, an official seed-testing system had already been set up in Sweden (Statens
Centrala Frokontrollantalt) (Fajersson 1997) and in England (MacKay et al. 2011), which served as an example. The
guiding objective was to protect farmers by avoiding the need for trade with cultivars not suitable for the country
but also to secure seed quality. Field trials were conducted to test the cultivars and information was made avail-
able to farmers. In Sweden, a joint official national variety list for all crops was established in 1951 (Kungl. Lant-
bruksstyrelsen kungorelse Nr. 4, 1951, 7§) (Official Swedish List of Cultivars 1952). Only listed and tested cultivars
could be labeled as officially controlled. The label was a guarantee that the quality complied with national stand-
ards. Plant breeders’ rights were fully implemented in Sweden in 1969, when the official variety list and control
was expanded to also include aspects of plant breeders’ rights.
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Discussion
Reshaping structures (outcomes)

This study outlines a consolidation in plant breeding activities and a reduction of activity in minor crops such as
vegetables. The consolidation process is also illustrated in Figure 4, which focuses on vegetables. Globally, this
is not a unique situation, and of the 392 vegetable crops cultivated, only half are given commercial attention in
terms of breeding (Kays and Dias 1995). Our concern, however, is that Nordic breeding has ceased, also in major
vegetable crops. Another crop group receiving little breeding attention are grain legumes. Nordic feed protein has
been replaced by imported and cheaper (genetically modified) soya bean (Stoddard et al. 2009, Peltonen-Sainio
and Niemi 2012). GM methods were discovered in the early 1970s (Cohen et al. 1973, Berg et al. 1974) but were
not implemented in Europe as in the USA and South America (Jasanoff 2005). Some of the Nordic breeding com-
munities invested into these techniques, especially in oilseed rape, but did not gain income and have hence suf-
fered from this lack of development.

1945 1952 1957 1960 1963 1970 1990 2014

A.Hansen, Kastrup (DK) >

B. Gustavs.Fréhandel, Gnesta (SE) =
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L. Daehnfelts fréhandel, Helsingb.(SE) =
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Wiweibull (SE)F =

Findus (SE)

Gelins Fréhandel, Malmé (SE)—>

Oland Fré, Marbylanga (SE)

Statens tradgardsforsék, Alnarp (SE)
Chr.0lsen, Odense (DK)

Goteborgs Frohandel (SE) =

Ystad Frd (SE)

Carl Nielsen, Arhus (DK} >
G.H.Cavallius, Helsingborg (SE) =
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Lchanged name to Hammenhdg Fré- 1970 list. Zrepresent for ).E.Ohlsens Enke, Kgbenhavn (DK) - 1970 list. *W.Weibullis now
Weibulls Horto, a trademark, but with no breeding anymore.

Fig. 4. Swedish and Danish seed enterprises with vegetable cultivars in the official variety trials/official variety list
in Sweden from 1945 to 2014 (Lamm et al. 1945, 1952, 1957, 1960, 1963, Official Swedish List of Cultivars 1970,
1990, 2014)

Peripheralization (Kiihn 2015) is a concept of relevance to this study, as the Nordic region encompasses the north-
ernmost cultivation border for many crops in geographical terms. The ongoing process of withdrawing of crop de-
velopment stands in contrast to the role of genetics in the state-led agricultural modernization efforts that took
place in various industrialized countries during the 1920s and onwards (Flitner 2003). At that time, emphasis was
on production of cultivars adapted to the various geographic and climatic conditions in the country, often on the
basis of public funding. In 1950, the Swedish Seed Association alone had 23 research stations or sub-stations (Froi-
er 1951), now reduced to two (Henriksson 2010).

This change in structures is associated with factors that constrain self-sufficiency and renewable use of seed re-
sources (Srinivasan, 2003, Mascarenhas and Busch 2006) and a shift towards the breeding of the most profitable
crops and hybrids; these are not crops that farmers can replant (Kloppenburg 1988). The shift from plant breed-
ing as a public responsibility to an activity that is regulated exclusively by the market raises questions of transpar-
ency and on the ways in which new knowledge is shared. Publishing research and work outcomes is part of the
job description of public researchers in universities or research institutes, but in private enterprises new knowl-
edge is not necessarily shared in the public domain. Education is another important aspect of these processes:
how can universities educate future plant breeders if they do not engage in plant breeding? Learning by doing
and an integration of theory and practice ought to be at the very heart of university education. The role of plant
breeders in society at large is seen as focusing on adapting crops to sustainable production systems, and as sup-
plying farmers with useful seeds (Peltonen-Sainio et al. 2008). However, in the periphery there is a need to recon-
sider the balance between public and private, not in order to move back in time, but to find new solutions and
new ways of interacting.
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The rights of plant breeders have been identified as being significant, and this question has been included in the
UPQV convention that was signed in 1968 (Jordens and Button 2011) and to which the Nordic countries became
signatories some years later. A royalty,usually 15%, is to be paid to the breeder in order to stimulate investment
and production of new cultivars. This is a development documented by Santos et al. (2012), but contrasted by
others (Fowler 1980, Kloppenburg 1988). A small royalty is to be paid also for farm-saved seeds and this has been,
and continues to be a contentious topic (Andersen 2005), in part because marketing cultivars not listed on a vari-
ety list is prohibited (Borowiak 2004). Our study (Fig. 2) shows no increase in the numbers of listed cultivars after
UPOQV,; in fact, our study indicates that a decrease has taken place, which may be explained by at least two devel-
opments. The first relates to the change in structures (as described). The second relates to UPOV and seed legal-
ization. Before 1968, several landraces, especially of red clover and fodder grasses, as well as local enterprises’
strains/selections were still listed and in use (Official Swedish List of Cultivars 1960). Such cultivars were no longer
able to fulfill the DUS-criteria and had no official owner or maintainer, so almost all of them were removed from
the Swedish list between 1970 and 1980 (Official Swedish List of Cultivars 1970, 1980). Such a negative impact of
the seed legalization system on the use of landraces is also reported by Bocci (2009). A historical overview of the
use of landraces in the Nordic agriculture is provided by Akerman et al. (1951) and partly also by Bjgrnstad (2010),
indicating that landrace cultivation was greatly reduced in the early half of the twentieth century. Seed legaliza-
tion, however, put an end to the landraces.

Plant breeding is a dynamic process, supported by a research sector, both private and public. Breeders at the Eu-
ropean level strongly support public funding remaining at a competitive level and the existence of national and/or
European programmes facilitating plant breeding that meets the ever-changing needs of farmers and of society at
large (Neumann 2013, Frese et al. 2014). Public-private partnerships may represent a solution, where cooperation
on pre-breeding is relevant (Nilsson and von Bothmer 2010b). So far, Nordic projects have only been carried out
on a few crops such as barley, ryegrass and apple and not on minor crops. Pre-breeding is understood as a nec-
essary first step in the use of diversity arising from wild relatives and landraces (Haussmann et al. 2004). Smaller
companies have limited capacity for pre-breeding and often deal with niche crops or niche markets. By including
these in pre-breeding, a wider diversity can be included in the breeding process and farming systems. Landraces
are important for novel gene variants. In addition, they are valued for cultural heritage and culinary reasons as
well as for local adaptation (Newton et al. 2010). By cultivating landraces, farmers maintain local knowledge and
are involved in the conservation of seed biodiversity (Gepts and Hancock 2006, Vasconcelos et al. 2013). In the
Nordic countries, farmers have started to re-cultivate these old varieties and old open-pollinated vegetable crops.
To promote seed sales, the cultivars have been with provided specific legislation (EC 2008, 2009). The Swedish
official variety list now includes more than fifty conservation varieties and varieties developed for growing un-
der particular conditions. However, the system does not necessarily stimulate crop improvement. Li et al. (2014)
have shown how novel cooperation between breeders and farmers can work in a participatory plant breeding and
marketing arrangement in China, while also capturing incentives for farmers to conserve the traditional varieties.
In the USA, an open source system for seeds has been launched to include legal mechanisms drawn from open
source software movement, where free exchange of newly developed cultivars is made possible by cooperation
among farmers, public breeders and small seed companies (Kloppenburg 2014).

Diversity and the grand challenges

The seed system may find itself at a cross-road. The consolidation of enterprises and the reduction of breeding
programmes may continue, but the future may open up opportunities for new actors and new networks, both
in the Nordic countries and globally. We identified a specific concern about farmers’ access to relevant cultivars
for food production in the Arctic. At the same time we identified substantial import of cultivars to the Nordic
countries from other European countries. Whether the system with plant breeders’ rights and a free market has
expanded the range of choices open to farmers and gardeners in the entire Nordic region, can be answered in
at least two different ways, depending on if you are in the peripheral (northern) or the central cultivation area
(southern part of the region). The challenges today have changed relative to the situation 50 years ago. With the
present increase in the emission of greenhouse gasses, the average global temperature will increase by 4-5 °C by
the end of this century (IPCC 2013), affecting all biological systems, including agro-ecosystems. Farmers and breed-
ers must work for adaptation to scenarios that will result in more severe floods in our part of the world, as well
as stronger winds, greater temperature fluctuations, but also increased disease pressure (Hassol 2004, Hakala et
al. 2011, Olesen et al. 2011). Climate change is linked to complicated energy and economic scenarios, too. These
considerable challenges necessitate a shift towards heterogenic but productive and resilient agro-ecosystems
(Altieri et al. 2012, Constanzo and Barberi 2014). Access to adapted and high-yielding cultivars of a diversity of
crops is part of the solution. Crop heterogeneity can also be addressed through a mixture of cultivars (Finckh et
al. 2000) or the use of genetically heterogeneous populations (Phillips and Wolfe 2005, Haussmann et al. 2012).
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Regardless of the way of implementing diversity, cultivation and breeding of different species must be included in
a strategy for food security under unpredictable environmental conditions (Marshall 1977, Malézieux et al. 2009,
Silva 2010). We will say that the use of agro-biodiversity appears to be crucial, but that our case study has shown
a concern with lack of breeding efforts on several crops. We would rather see technological innovations with the
breeding of climate-resilient crop cultivars of a range of crops (Dwivedi et al. 2013). There is not one solution
only. Breeding can go hand in hand with a system-approach, and together go along a robust pathway to meet the
grand challenges of our time.
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