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1 Introduction 

1.1 General dynamics in breeding and crop production 
The importance of individual crop species in today's crop production can change very quickly. This is 
due to a variety of factors that have different spatial and temporal effects. For example, the demand 
for specific ingredients, the frequency of cultivation or the distribution of certain crops can change. 
Technological progress also opens up new opportunities for the cultivation of crops that were not pre-
viously considered but are of economic interest (Stamp, Messmer et al. 2012). In addition, the continu-
ous breeding of new varieties or political regulations, e.g. direct payments, price support for soybean 
or genetic engineering regulation, have a strong influence on the cultivation frequency of a crop (Schori, 
Charles et al. 2003). Examples of this are the breeding for cold adaptation of soy to local climatic condi-
tions or the rise of rapeseed to an important crop in Europe within only 50 years. Long-term invest-
ments are necessary, however, as it takes at least 25 years to adapt a niche crop to modern produc-
tion conditions (Stamp, Messmer et al. 2012).

1.2 Motivation, objective, framework conditions and content of this environment analysis 
This analysis of the Swiss plant breeding environment was prepared as part of the "Swiss Plant Breed-
ing Strategy", a project of the Directorate for Agricultural Production Resources (DB LP) of the Feder-
al Office for Agriculture (FOAG) in Bern. The "Swiss Plant Breeding Strategy" is intended to contribute 
to a sustainable agricultural and food economy in Switzerland in the time horizon 2050.

The aim of this environment analysis is to describe the current and future situation of plant breeding in 
the national and international environment. It highlights the most important plant breeding programmes 
in Europe and other regions relevant to Switzerland and shows in particular the interactions between 
the actors. It also points out technical, climatic, economic, social and institutional developments that 
are relevant and need to be taken into account with regard to the "Swiss Plant Breeding Strategy".

The following elaboration of the environment analysis takes these developments into account on the 
basis of the current political framework conditions of agricultural production and plant breeding in 
Switzerland and Europe. It should be explicitly pointed out that this political framework can change sig-
nificantly in a short time due to individual factors. In connection with plant breeding, particular attention 
must be paid here to the special position of Europe and Switzerland with regard to the cultivation and 
use of genetically modified crops (GMOs). The politically motivated renunciation of the use of this tech-
nology distinguishes Switzerland (and Europe) significantly from the rest of the world. Lifting the ban 
could significantly change the European breeding environment in Switzerland.

The subsequent work is based on the content of over 40 expert interviews and 300 literature studies 
and is divided into the following chapters: After an introduction to the current status and trends in the 
cultivation of important crops (Chapter 1), the question arises as to the overarching breeding strategies 
(Chapter 2) that a state or even a company pursues. These take into account the requirements for fu-
ture crops, taking into account other factors, e.g. resource scarcity, efficiency or quality improvement 
and climatic adaptations. These strategies are highly variable and include the way in which breeding 
or breeding progress is achieved. An important issue, especially in view of resource scarcity and the 
simultaneous pursuit of increased yields, is eco-efficiency in crop production (Chapter 3). In addition 
to increasing efficiency, a careful approach to the environment, e.g. reducing the environmental im-
pact of agricultural production, has also moved into the focus of sustainable agriculture. In the long 
term, the preservation and expansion of agro-biodiversity is necessary for sustainable food production 
and is also desired by part of the population (Pretty 2008). Climate change (Chapter 4) can and will 
also have an influence on the breeding and cultivation of a wide range of crops in Switzerland, de-
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pending on the region. Important changes in breeding objectives and cultivation frequency also occur 
as a result of technical developments in cultivation, processing and production techniques, which re-
quire different bred characteristics or the adaptation of the crop in its cultivation (Chapter 5). A factor 
that also influences breeding at the global level is the development of agricultural markets (Chapter 6). 
Changes such as price adjustments to European levels are also relevant in the breeding environment 
(Lehmann, Briner et al. 2013). In addition, there are the needs and financial possibilities (purchasing 
power) of consumers (Chapter 7), who contribute to a certain dynamic in plant breeding and food pro-
duction through their consumption and dietary behaviour. In chapter 8, cooperation models will be 
presented and explained. The conclusion of this thesis is a synthesis of the most important points 
which should be highlighted once again in the context of this study. 
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2 Situation of agricultural crop production today and in the future 
If agriculture is to make a significant contribution to supplying the country, it must be quantitatively and 
qualitatively available and exploit its potential. Breeding and the development of production systems 
have a key role to play here (Kopainsky, Flury et al. 2013). Increasing efficiency by selecting and breed-
ing the right species and integrating them into suitable production systems will be inevitable for the fu-
ture. This is all the more important in view of the predicted further decline in agricultural land and do-
mestic production by 2050, increasing nitrogen losses and ammonia emissions (Kopainsky, Flury et 
al. 2013) and the influence of climate change (Mba, Guimaraes et al2012).

In the following chapter, the situation of today's crop production will be presented. On the basis of im-
portant key figures such as cultivated areas and value added, the status of the individual crops in the 
world, in the EU and in Switzerland will be shown. Furthermore, general problem areas for the crops 
and specific problem areas for Switzerland are listed. If trends are apparent, forecasts for the future 
are made.

2.1 Overview of main crops (world, EU, Switzerland) 
Globally, of the 1,216 million hectares of arable land, 58% is cultivated with cereals, followed by oil-
seeds with 23% and pulses with 6.5%. In the European Union (EU-27) the arable land amounts to 80 
million ha, of which 70.8% is cultivated with cereals and 21.3% with oilseeds (Fig. 1). In Switzerland, 
72% of the 0.204 million ha are cultivated with cereals and 13.2% with oilseeds. In comparison with 
the EU and the world, a larger proportion of the area in Switzerland is cultivated with vegetables (7.6%) 
and root and tuber crops (5.4%) (FAOSTAT 2012).

Figure 1Area shares in percent of the main crops globally, in the European Union (EU) and in Switzerland 
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In order to make statements about the status and future development, it is worth looking at the devel-
opment of the most important crop groups in the past (Fig. 2). In general, Switzerland followed the 
trend of neighbouring countries: slight reduction in cereal areas (with increasing production), strong 
decrease in areas with root and tuber crops and increase in oilseeds (FAOSTAT 2012). In relative 
terms, Switzerland mainly increased vegetable and legume production on small areas. The expansion 
of oilseed production was mainly at the expense of cereal production (LID 2010, FAOSTAT 2012).

Figure 2: Relative development of the cultivated area of the main crops in Switzerland, France, Germany and Italy since 
1961 (legumes Switzerland relative to 1973) 

2.2 Food production and food security 
The most important task of agriculture is the production of food to ensure the nutrition of the popula-
tion. Agricultural production has to cope with an increasing population, a changing demand as well as 
numerous social, economic and ecological aspects in order to survive in the future.
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The different aspects cannot always be equally weighted. For example, Switzerland's agricultural land 
(1,051,063 ha, 2012) has decreased by about 6% over the last 20 years at the expense of settlement 
area. While open arable land (-7.9%), permanent meadows (-3.9%), vineyards (-0.9%) and fruit grow-
ing (-6.5%) have shown a decreasing trend since the turn of the millennium, farmland such as artificial 
meadows (+15.6%), extensive meadows (+3.4%), litter and peatland (+10.1%) and other cultivated 
land (+24.8%) have increased (BFS 2012). The population is growing and the pressure on biodiversity 
and cultivated soils is increasing. In addition, a stagnation of yields in the main crops has been ob-
served in various European countries since 2000 (Kirschke, Häger et al. 2011). Switzerland's current 
self-sufficiency rate of 60% gross (including production based on imported feedstuffs) and 54% net is 
therefore expected to decline further (FOAG 2010, Kopainsky, Flury et al2013).

2.2.1 Production intensity 

Over the last 50 years, global production of the main crops (cereals, roots and tubers, pulses and oil-
seeds) has increased from 1.8 billion to 4.8 billion tonnes per year (+162%). The relative increase was 
generally higher in developing regions (e.g. Africa +303% and Asia +254%) than in developed coun-
tries (Europe +34%), with production in Switzerland actually falling slightly (-0.3%) (FAOSTAT 2012). 
If the decline or expansion of agricultural land is included and the yields per hectare are taken into ac-
count, the result is an increase of almost 150% for Asia, more than a doubling for North America and 
an increase of 82% for Europe. In each case, yields were averaged over 3 years. With a yield increase 
per area of 90% over the last 50 years, Switzerland is slightly above the European average (FAOSTAT 
2012). Consequently, the production increases in the industrialised countries were achieved primarily 
through production increases, and in the developing countries through land expansion. Nitrogen fertil-
iser consumption, an important indicator of production intensity, increased by more than 20% world-
wide between 2002 and 2010. However, this increase was lower in industrialised countries with already 
high production intensity such as Europe and North America (FAOSTAT 2012). In Switzerland, con-
sumption increased by 25% in this most recent period, while it decreased by 20% compared to 1990 
(FAOSTAT2012).

2.2.2 Food quality and health 

High-quality, sustainably produced and safe products should continue to be a focus of production in 
Switzerland (FOAG 2010, FOAG 2012). The prevention and positive influence on the course of diet-
related diseases, such as diabetes, allergies, cancer and cardiovascular diseases, should play an im-
portant role in food production from an early stage (BMBF 2010, BLW 2012)12. The use of alternative 
cultures (e.g. pseudocereals such as buckwheat or amaranth) should provide an alternative option for 
substances that today increasingly have an allergenic effect on consumers (e.g. gluten). Alternative 
crops such as various pseudocereals can also have higher contents of secondary ingredients (poly-
phenols, phytosterols, anthocyanins,...), which can have a positive influence on health (cancer preven-
tion, cardiovascular diseases, etc.).) (Stintzing and Carle 2004, Alvarez-Jubete, Arendt et al. 2010, 
Fiorda, Soares et al. 2013, van Dam,Naidoo et al. 2013, Venskutonis and Kraujalis 2013). However, 
the positive effect of the secondary ingredients has not yet been confirmed, especially in long-term 
studies.

1 http://www.plantetp.org (accessed 20.10.2013)
2 http://www.plantetp.org (accessed 20.10.2013)

http://www.plantetp.org/
http://www.plantetp.org/
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Breeding can specifically increase the nutritional benefit of the plant by producing certain constituents 
(BMBF 2010, BLW 2012) 3. At the same time, improved storability and reduction of toxins and other 
components that are hazardous to health are desirable (BLW 2012). Opportunities are offered above 
all by biotechnological methods concerning protein, carbohydrate, fatty acid and vitamin modification. 
In addition, there is the breeding and biotechnological processing of the content of antioxidants and 
minerals as well as the reduction of allergenic substances (Uncu, Doganlar et al. 2013). For example, 
in genetically modified rapeseed, soybean and maize, fat denaturases and the production of omega-3 
fatty acids as well as the longer unsaturated fatty acids (Kinney, Cahoon et al. 2002, Napier and Gra-
ham 2010) made the oil produced more valuable for human nutrition. Another example is the potato 
variety 'Innovator', which was developed specifically for the quality requirements of French fries and is 
only produced under contract farming for McDonalds. In addition to breeding improvements, process 
technology and the optimisation of the cultivability and workability of, for example, pseudocereals, 
niche or even special crops also play an important role.4

2.3 Selected cultures with significance for Switzerland 
In Switzerland, too, breeding successes and political guidance are leading to a dynamic in cultivation. 
While prices for oilseeds tend to rise, they have stagnated for protein crops and cereals (since 2009) 
(Swissgranum 2012). This is also reflected in the area under cultivation.

2.3.1 Cereals 

In the last 20 years, the global area under cereal cultivation has fluctuated between 660 and 707 mil-
lion ha, but the tonnage produced has increased constantly (FAOSTAT 2012). Reasons for increasing 
yields on almost the same land can be, on the one hand, constant improvements in the crop through 
breeding, but also more intensive or more effective management of the agricultural land. Rising pop-
ulation figures, grain-based fuel production and the increased demand for animal feed due to rising 
meat consumption are increasing the demand for grain all over the world.

In Switzerland, the area under cereals has decreased by 26% to approx. 145,000 ha since 1996 (Fig. 
3). One reason was market liberalisation and the associated price decline in 2001 (SGPV 2013). In 
2011, 16,000 ha of maize (excluding silage maize), 83,000 ha of bread grain and 63,000 ha of feed 
grain were still cultivated (FAOSTAT 2012, BFS 2013). Winter cereals, with a 90.5% share of seed 
cereal sales, account for the majority of production. In general, winter cereals dominate, while summer 
cereals account for 4.5% of seed cereal sales (personal communication Meinrad Müller, swisssem).

3 http://www.plantetp.org (accessed 20.10.2013)
4 http://www.fenaco.com/deu/meldung_26321.shtml (accessed 25.11.2013)

http://www.plantetp.org/
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Figure 3: Area under cereals in Switzerland relative to 1961 (triticale relative to 1987) and in absolute figures (data 
source: FAOSTAT (2012)) 

The production value of the Swiss agricultural sector (value of all goods and services produced in ag-
riculture at current prices) was 9.9 billion Swiss francs in 2012. CHF (BFS 2012). The share of cereal 
production was 3.7% or CHF 372.6 million. The largest share of this value added is again generated 
by the cultivation of wheat (58.1%), followed by barley (19.4%), grain maize (11%), triticale (6.4%) and 
other cereals (4%) (BFS 2012). It should be noted, however, that the agricultural production value does 
not take into account the value added of the processed products (e.g. bread produced from cereals) 
and thus the importance of cereals as a raw material for the entire food industry is increasing again.

2.3.1.1 Wheat
As is the case for all cereal crops, the global wheat cultivation area remained relatively stable between 
1960 and 2012, while the quantity produced rose continuously from 222 million tonnes to 674 million 
tonnes. The largest areas under cultivation today are in India (29.9 million ha), China (24.1 million ha) 
and Russia (21.2 million ha) (FAOSTAT 2012). The Swiss wheat cultivation area has also remained 
relatively constant over the last 50 years (Fig. 3). The share of Swiss breeds in milling wheat is 92% 
on average. The share varies between the quality groups and is 100% for the classes Top (approx. 
8,500 t) and 1 (5,870 t), and approx. 30% for class 2 (1,537 t) (CPVO 2013). In contrast, all feed wheat 
varieties (1'700 t) come from abroad (personal communication Meinrad Müller, swisssem). This is due 
to the fact that in Switzerland (through Agroscope) mainly varieties with high baking quality and no 
feed wheat are bred.

2.3.1.2 Barley
The global area under cultivation peaked at the end of the 1970s at about 83 million ha and today, 
at about 49 million ha, is even below the level of 50 years ago (54 million ha, 1961). Nevertheless, 
higher productivity is achieved today on comparatively less land (132 million t, 2012). The largest 
areas under cultivation today are in Russia (15.5%), Australia (7.5%) and Ukraine (6.7%) 
(FAOSTAT 2012). In line with the global trend, slightly less barley is grown in Switzerland today 
(approx. 28,000 ha) than 50 years ago, although production has doubled (approx. 184,000 t, 2012). 
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Most of the barley produced is consumed as animal feed and only a marginal proportion is used as 
malting barley. Since no barley is bred in Switzerland, most of the varieties in the recommended list 
of varieties for 2013 come from neighbouring countries from the breeding companies KWS and 
Limagrain (Agroscope 2012).

2.3.1.3 Maize
The global area under maize cultivation has risen continuously from approx. 105 million ha (1961) to 
178 million ha (2012). In the same period, the quantity produced has more than quadrupled from 
today's 884 million tonnes. The largest areas under maize are in the USA (approx. 35 million ha), China 
(approx. 35 million ha), Brazil (approx. 14 million ha) and India (8.4 million ha) (FAOSTAT 2012). Maize 
is not only an important component of human nutrition, but also forms an important basis of animal nu-
trition in the form of grain maize (concentrated feed) and silage maize. Although maize is now also 
widely promoted as an energy crop, it is becoming increasingly clear that maize is not a source of sus-
tainable energy production due to its high nitrogen demand, heavy demands on the soil and the need 
for pesticide treatment5.

The area under maize in Switzerland is made up of grain maize (2012, 16,162 ha) and silage maize 
(46,783 ha). Since 2005, there has been a constant increase in the area cultivated with silage maize, 
while the area for grain maize has decreased over the same period (FSO 2012). In the case of silage 
maize, about 10% of the seed comes from domestic breeding by Delley Samen und Pflanzen AG 
(DSP) (personal communication Meinrad Müller, swisssem). The other recommended silage maize 
varieties for 2013 come from foreign breeding, e.g. example from the companies Limagrain (FR), KWS 
(DE) or RAGT (FR). None of the recommended grain maize varieties for 2013 came from domestic 
breeding (Agroscope 2013).

2.3.1.4 Triticale
Since its introduction, the global cultivation area of triticale has increased steadily from 467 ha (1975) 
to 3.7 million ha (2012). The largest areas under cultivation today are in Poland (991,797 ha), Belarus 
(409,478 ha) and France (415,719 ha). The quantity produced also increased from 1,200 t to 13.7 mil-
lion t between 1975 and 2012 (FAOSTAT 2012). In Switzerland, the areas fluctuated between 10,000 
and 14,000 ha in the last 10 years (FAOSTAT 2012). Almost one third of triticale seed grain sales 
come from Swiss breedings by Agroscope Changins-Wädenswil (ACW)/ Agroscope Reckenholz-
Tänikon (ART) and DSP (personal communication Meinrad Müller, swisssem). Other recommended 
varieties come from Pflanzenzucht Oberlimburg (DE), KWS Lochow (DE) or Saatbau Linz (AT). The 
40-year triticale breeding programme of the ACW was taken over in 2011/2012 by Getreidezüchtung 
Peter Kunz, which now breeds mainly long-straw and stable varieties for organic and extensive cul-
tivation as well as high-yielding varieties for intensive cultivation. 6

2.3.1.5 Problem areas
The quality of the cereal harvests is heterogeneous because the cultivated plots are small. This is a 
problem especially with bread wheat, where the protein content varies greatly depending on region 
and cultivation and sufficient baking quality cannot always be guaranteed. A working group with rep-
resentatives from breeding, trade and processing is currently trying to analyse this problem in more 
detail. In cultivation, problems with Fusarium and mycotoxins prevail, which makes targeted breeding 

5 http://www.bund-niedersachsen.de/service/bundmagazin/22005/mais_keine_energiepflanze_der_zukunft/ (accessed 30.10.2013)
6 http://www.getreidezuechtung.ch/index.php?article_id=3 (accessed 11.9.2013)
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for resistance essential, especially in wheat. However, several studies have found genetic markers for 
Fusarium resistance in wheat and their use in practice should accelerate breeding progress. Genetic 
resistance not only helps to improve the quality and quantity of grain harvests, but also to reduce the 
use of plant protection products.

Processed products using raw materials from Switzerland benefit from export promotion through the 
'Schoggigesetz'. For example, 45,000 tonnes of flour are exported annually. This law could be abolished 
in the future, along with a reduction in border protection. In addition, it is feared that the 2014 agricultur-
al policy will have a negative impact on grain production. Increasing competition for domestically pro-
duced flour and also baked goods arises from the import of dough pieces and finished baked goods from 
abroad (SGPV 2013). Imports of baked goods increased by CHF 175 million from 2002 to 2012 (FOAG 
2013).

2.3.2 Legumes 

Legumes form an important basis of the animal feed industry. In Switzerland, too, protein peas, field 
beans, lupins and soya are a growing component of the protein supply for livestock. However, the 
share of protein crops in agricultural production value is only 0.09% (FSO 2012).

Figure 4: Area under pulses in Switzerland relative to 1990 (lupin relative to 2006) and in absolute numbers (missing 
data for field bean from 1996-2008) (data source: FAOSTAT (2012)). 

2.3.2.1 Soy
In 2012, approx. 253 million tonnes of soy were cultivated on an area of 107 million ha worldwide, with 
the USA (28.9%), Brazil (23.4%), Argentina (18.1%) and India (10.1%) having the largest shares of 
area (FAOSTAT 2012). In 2011, it was estimated that about 75% of the world's cultivated area was 
planted with genetically modified varieties (BMELV 2012). The majority of the world's harvest goes into 
oil production (cooking oil or biodiesel). The residual material (soybean cake) produced there is used 
for 98% of animal feed (Hartman, West et al. 2011). A small proportion of soy production is used for 
direct human consumption, e.g. as tonyu, tofu or soy milk (ACW 2012).
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Although there have been strong fluctuations in terms of cultivated area in Switzerland over the last 
two decades, it has been stable over the last five years and remains at around 1,000 ha and 3,000 
tonnes produced in 2012 (Fig. 4). The liberalisation of oilseed prices led to a price collapse in 2000 
and the collapse of soybean production, which is only slightly recovering due to price support meas-
ures (Schori, Charles et al. 2003). The varieties used for production originate for the most part from 
Swiss breeding (see Chapter 2). Due to the ban on feeding animal meal, the annual import of soybean 
meal has increased tenfold since 1990 to 250,000 t (Baur 2011, FAOSTAT 2012). Imports of soy-
beans, on the other hand, have fallen sharply.

With protein contents of up to 50% (Schori, Bétrix et al. 2013), soybeans produce at least twice as 
much protein per ha as any other main crop7.

In order to increase self-sufficiency in protein, Bosnia and Herzegovina, Croatia, Austria, Serbia, Slove-
nia, Hungary and Switzerland signed the Danube Soy Declaration to promote soy cultivation at the be-
ginning of 2013. This defines the framework conditions for GMO-free soy cultivation programmes in 
the Danube region. The aim is to expand the area under cultivation from one to five million ha and to 
substitute 17% of the area under maize (Schori, Bétrix et al. 2013, SOJA 2013). Various organisations, 
such as the Sojaförderring in Germany8, promote the cultivation and research of soy at the national 
level.

For human nutrition, various positive properties are attributed to the soybean, such as the high con-
tent of essential amino acids, unsaturated fatty acids, dietary fibres, vitamins and minerals (Sacks, 
Lichtenstein et al. 2006). This makes them particularly interesting for meat-free diets (Esteves, Duarte 
Martino et al. 2010). Other secondary ingredients (e.g. isoflavins) may have positive effects on health, 
but their effect is still controversial (Sacks, Lichtenstein et al. 2006, Lee, Ahn et al. 2007, EFSA 2010, 
Paucar-Menacho, Amaya- Farfan et al2010).

2.3.2.2 Protein peas, field beans, lupins
In terms of cultivation, protein peas are still the most important legume in Switzerland (Fig. 4), but im-
ports are declining (FAOSTAT 2012). Due to the lack of corresponding programmes, no protein peas 
are cultivated from Swiss breeding (CPVO 2013), but a pea breeding programme at Getreidezüchtung 
Peter Kunz (GZPK) is in progress (actual analysis). For field beans, only three varieties from Germany 
and France are recommended for cultivation (Agroscope 2012). For lupins, two recommended variet-
ies are available, also from Germany and France.

2.3.2.3 Problem areas
In addition to natural problem areas such as weeds or disease and pest infestation of soybeans, it is 
primarily economic and political processes that control soybean cultivation in Switzerland. On the one 
hand, cultivation areas in Switzerland are limited by cultivation contracts. On the other hand, the de-
mand for soy by the oil plants is geared to quantities that can only be constantly met by foreign soy im-
ports (Baur 2011). Furthermore, soybean cultivation is currently only interesting for farmers through 
the use of additional price support (Schori, Charles et al. 2003). Protein peas and field beans have 
comparatively low protein contents, high levels of non-protein nitrogen (not very suitable for monogast-
ric animals) as well as partly unsatisfactory amino acid patterns and undesirable ingredients (Baur 

7 http://www.nsrl.uiuc.edu/soy_benefits.html (accessed 9.12.2013)
8 http://www.sojafoerderring.de/pages/forschung.php (accessed 9.12.2013) 
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2011), which makes them less attractive for cultivation and use. Due to the low level of breeding and 
thus disadvantageous properties, lupin is not yet an alternative in cultivation.

2.3.3 Oilseeds 

2.3.3.1 Case study rape
The global area under rapeseed increased from 6.3 to 34.2 million ha between 1960 and 2012, with 
the EU-27 (30%), Canada (24%) and China (21%) being the main producers (FAOSTAT 2012). In 
Switzerland, the area under cultivation almost quadrupled from 1960 (5,600 ha) to 2012 (22,000 ha) 
(FAOSTAT 2012), with production increasing by a factor of 8 thanks to improved varieties and cultiva-
tion techniques (9,100 t in 1960, 68,977 t in 2012). Producer prices are around 200 CHF/dt with a tar-
get yield of 20-25 dt/ha9 . As Switzerland has neither state nor private rapeseed breeding, versatile 
cultivation is dependent on foreign imports and seed stocks10, with the recommended varieties for 
2011-2014 coming exclusively from the European neighbours (D, F, A, S).

Rapeseed is a good example to illustrate the influence of key technologies and policy objectives on 
the spread of a crop. The provision of erucic acid-free varieties ("0-rapeseed", 1970s) and the reduc-
tion of the glucosinolate content ("00-rapeseed", 1980s) played an important role. These two key tech-
nical events made it possible to use the previously inedible oil for human nutrition and the press cake 
for animal feed. Thanks to its high content of linoleic acid (omega-6 fatty acid) and alpha-linolenic acid 
(omega-3 fatty acid) as well as vitamin E, rapeseed oil is today one of the healthiest edible oils with a 
positive effect on the cardiovascular system11. The recently developed HOLL (High Oleic Low Linolen-
ic) varieties, whose oil is more heat-stable, will further expand the potential use of rapeseed oil. Al-
though the introduction of the new quality traits was always accompanied by a drop in performance, 
this loss was compensated for by breeding after less than five years (Gallais 2011). Another key tech-
nology was the introduction of a hybrid mechanism (1990s), as the breeding of hybrid varieties made 
it possible to further increase yield levels (Fig. 5).

The introduction of new quality traits has thus greatly increased the area of application and sales of 
rapeseed. In addition to the need for rapeseed oils and meals, the growing demand for biodiesel has 
contributed to the increase in rapeseed cultivation (13% of global oilseed production). As hybrid breed-
ing has also made it possible to better exercise plant breeders' rights (no replication possible), invest-
ments in breeding have become more profitable and rapeseed has risen to become one of the most im-
portant crops within a few years.
GM rapeseed plays an important role especially in North America and Australia, but will only be cultiv-
ated to a small extent in the EU in the future. 12131484% of the rapeseed oil offered in Switzerland was 
produced from Swiss rapeseed (FOAG 2012). In 2012, an additional 6,828 t of rapeseed oil were im-
ported for consumption and a further 39,595 t as rapeseed meal (Swissgranum 2012). 

9 http://www.agrigate.ch/de/pflanzenbau/ackerbau/835/836/844/ (accessed 6.9.2013)
10 http://www.parlament.ch/d/suche/seiten/geschaefte.aspx?gesch_id=20114202 (accessed 6.9.2013)
11 http://www.bdp-online.de/de/Branche/ (accessed 7.9.2013)
12 http://www.transgen.de/zulassung/gvo/ (accessed 6.9.2013)
13 http://www.transgen.de/anbau/eu_international/199.doku.html (accessed 6.9.2013)
14 http://www.biosicherheit.de/forschung/raps/276.zulassungen-anbau.html (accessed 6.9.2013)

http://www.parlament.ch/d/suche/seiten/geschaefte.aspx?gesch_id=20114202
http://www.bdp-online.de/de/Branche/%20
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Figure 5: Development of yield performance and oilseed rape varieties (Brassica napus) in Germany (Source: Brauer 
(2012)) 

2.3.3.2 Other oilseeds
Another oilseed crop is pumpkin. However, with little economic relevance and a small area under cul-
tivation (412 ha), its cultivation in Switzerland has almost doubled since 2000 (+45.1%) (FAOSTAT 
2012). For the production of oil from pumpkins, this accounts for 46 ha (FOAG 2013). Rich in vitamins 
A, C, D and E as well as potassium, calcium and zinc, pumpkins are becoming increasingly popular. 
The high content of unsaturated fatty acids (omega-9, omega-6 and omega-3 fatty acids) makes pump-
kin oil a popular cooking oil15.

Linseed is cultivated on 160 ha, which corresponds to an increase of 17.6% since 2000 (FAOSTAT 
2012). In Switzerland, the Tradilin association supports the cultivation of linseed mainly for animal 
feed16. However, grain yield and producer price are significantly lower than those of rapeseed. In ad-
dition, linseed oil has a poor shelf life and an intense flavour of its own (Frick 2005). Similar to rape-
seed, however, there is also a cultivated variety of linseed that has been optimised for oil production 
(Linola™)17.

The share of oilseeds and oil fruits in the agricultural production value is 0.9% or CHF 90 million (FSO 
2012).

15 http://www.pflanzenoel.ch/speiseoel/oelsorten/kuerbiskernoel (accessed 3.12.2013)
16 http://www.tradilin.ch/chapitre/5/50/TradiLin-Produkte (accessed 25.11.2011)
17 http://www.dpi.vic.gov.au/agriculture/grain-crops/crop-production/growing-linseed-linola (accessed 28.11.2013)

http://www.dpi.vic.gov.au/agriculture/grain-crops/crop-production/growing-linseed-linola%20
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2.3.3.3 Problem areas
The natural problem areas in rape cultivation are mainly susceptibility to fungal diseases that attack 
roots and stems (König, Steck et al. 1999). Due to the conditional self-incompatibility, cultivation breaks 
of at least three years are necessary, which minimise the theoretical cultivation area. Wintering, frost 
and animal pests can cause greater damage in certain situations (König, Steck et al. 1999)1819. With 
regard to high-quality edible oils, cleanly separated production and processing routes must be main-
tained to prevent mixing between HOLL and conventional varieties (Scheuner2013).

One of the political problem areas in rape cultivation is the current and future agricultural policy, as ad-
equate federal support (e.g. individual crop contributions) is necessary to remain competitive (Scheu-
ner 2013). However, international oil prices, which make rapeseed cultivation more or less attractive 
for Swiss oilseed producers, and future access to GMO-free seed from abroad also have an important 
influence. Here there is a 100% dependence on foreign seed, which will increase in the future due to 
the increased use of hybrid varieties (personal communication Jürg Hiltbrunner, Agroscope).

As many arable options (plant protection, fertilisation) have been exhausted, progress in rapeseed 
yields will be more dependent on the breeding of more efficient varieties and the seed dressing. 
However, since oilseed rape is now an attractive crop due to a broad range of applications (made pos-
sible by breeding milestones such as 00 or HOLL oilseed rape), an existing hybrid breeding process 
and favourable market conditions (oilseed subsidies in Switzerland, bioenergy subsidies in the EU), 
further investments in improved varieties will be worthwhile for breeders.

2.3.4 Forage crops 

2.3.4.1 Fodder crop cultivation Switzerland
In Switzerland, just under 70% of the agricultural land (1,051,063 ha) is grassland, although the pro-
portion can be as high as 98% in mountain cantons (FSO 2012). The proportion of artificial meadows 
(currently 133,564 ha) and extensive meadows (currently 92,097 ha) has increased in 'Grassland 
Switzerland' since 2000, while the remaining permanent meadows and pastures (519,135 ha) contin-
ue to decrease. The cultivated area of silage maize is 46,782 ha and of fodder beet 712 ha (FSO 
2012).

In addition to providing a habitat for animals and plants, grassland plays an important role in Switzer-
land's scenic and tourist appeal and forms the basis of the livestock and meat industry, the most im-
portant source of agricultural income (FOAG 2012). The production value of fodder crop cultivation 
amounts to approximately CHF 900 million annually, with grassland (86%) accounting for the largest 
share, along with fodder maize (13.0%) and root crops (0.5%) (FSO 2012). Green fodder from peren-
nial forage production on meadows and pastures is the most important source of fodder for animals 
and provides up to 70% of the dry matter, 70% of the gross energy and approx. 2/3 of the crude pro-
tein for animal feed (Baur 2011, BFS 2012).

The total domestic production of grass and clover seed for fodder production is 200 t (140 t grass, 60 
t clover). In addition, about 1,000 t of grass seed produced abroad are imported. At least one Swiss 
variety is included in 80-90% of the seed mixtures in Swiss forage production (IST analysis, forage 
plant breeding, Beat Boller, Franz Schubiger and Willy Kessler). The most important forage plants bred 

18 http://www3.syngenta.com/country/de/de/Kulturen/Raps/Seiten/Unkraeuter_Krankheiten_und_Schaedlinge.aspx (accessed 6.9.2013)
19 http://www.rapool.de/ (accessed 6.9.2013)

http://www3.syngenta.com/country/de/de/Kulturen/Raps/Seiten/Unkraeuter_Krankheiten_und_Schaedlinge.aspx%20
http://www.rapool.de/%20
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in Switzerland are bastard ryegrass, English ryegrass, Italian ryegrass, cocksfoot, tall fescue, red fes-
cue, bluegrass and meadow fescue, as well as sainfoin, red clover, pod clover and white clover.

2.3.4.2 Problem areas
A specific problem area for Swiss fodder production is the constant divergence between animal and 
fodder plant breeding. The increasing performance, e.g. of dairy cows, requires an increasing use of 
mostly imported concentrated feed (mainly protein), which reduces the supply from domestic feed pro-
duction and increases the dependence on foreign countries. To counteract this trend, on the one hand 
the protein and energy content of domestic fodder crops could be increased through breeding, but this 
would not be enough to match the advances in animal breeding. On the other hand, animal breeding 
could react by breeding breeds adapted to local conditions. This would give the opportunity to exploit 
local feed more efficiently, to manage sites carefully, to avoid overproduction (e.g. milk) and to reduce 
the import of feed (personal communication Beat Boller, Agroscope).

Diseases are also a problem area in forage crop production. Diseases such as anthracnose in red 
clover or bacterial wilt of ryegrass could also cause major difficulties in forage crop production in 
Switzerland. However, current varieties and resistance breeding projects are currently very well posi-
tioned and help to understand these diseases and counteract major losses (personal communication 
Beat Boller, Agroscope) (Jacob, Hartmann et al. 2013, Kölliker, Wichmann et al. 2013). Stronger com-
petition from weeds and drought-induced yield losses due to climate change are further fields of ac-
tion (Zwicke, Alessio et al2013).

2.3.5 Fruit 

The global cultivation of fruit crops, which are also grown in Switzerland, has increased steadily over 
the last 50 years. For example, the area under apple cultivation has increased from 1.5 to 6.05 million 
ha, for pears from about 500,000 to 1.6 million ha, for plums from about 400,000 to 2.5 million ha, for 
cherries from 160,000 to 605,000 ha and for apricots from about 213,000 to 490,000 ha. The quantity 
produced has also grown steadily during this period (apple: from 17 to 75 million t; pear: from 5 to 24 
million t; plum: from 6 to 11 million t; apricot: from 1.3 to 4 million t, and cherry: from 1.8 to 3.5 million 
t).

In Switzerland, fruit crops were grown on a total of 6,544 ha in 2012. More than two thirds (4,137 ha) 
of the fruit crops were apples again this year, followed by pears (791 ha, 12%), apricots (694 ha, 11%), 
cherries (530 ha, 8%) and plums (332 ha, 5%) (FOAG 2012). Despite the dominance of apple cultiva-
tion, a trend away from pome fruit towards stone fruit and berries has been observed since 1997 (Brav-
in, Leumann et al. 2008, BLW 2012).

Club varieties, i.e. a fruit variety that is subject to central control and only marketed by a limited num-
ber of producers (the 'club') under their own brand name, are becoming increasingly important. Since 
2007 there has been an increase in the cultivation of these varieties and in 2012 they were grown on 
8.4% of the total Swiss fruit-growing area (Stehr, Guerra et al. 2011, FOAG 2012). This trend can be 
seen throughout Europe (Schwartau 2010). A fee-based licence is required for the cultivation of club 
varieties. The aim is the limited production of quality apples in a higher price segment (Helfenstein 
2005, Schwartau2010).
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The share of fruit growing in agricultural production value is approximately 5.3% and is thus just above 
that of cereal growing (FSO 2012).

2.3.5.1 Problem areas
Due to the long breeding period for fruit crops, breeding goals must be designed for the very long term. 
Diseases such as fire blight can affect fruit production, and the provision of resistant varieties usually 
takes longer. Changing consumption habits can also have a rapid impact on cultivation (Bravin, Leu-
mann et al. 2008) and it is difficult to anticipate these early enough in terms of breeding adaptation.

2.3.6 Vegetables 

The global area under vegetable cultivation has doubled in the last 50 years (56.7 million ha in 2011), 
while the quantity produced has increased fivefold (about 1 billion tonnes in 2011). The largest areas 
under cultivation are in China (42.9%), India (13.3%) and Nigeria (3.2%). Within Europe, Italy (about 
508,000 ha), Spain (about 338,000 ha) and Romania (about 263,000 ha) are the largest producers. 
The largest areas for vegetable production in Europe are used for the production of tomatoes (approx. 
278,000 ha), onions (approx. 187,000 ha) and cabbage (approx. 170,000 ha) (FAOSTAT 2012).

In Switzerland, vegetable production has increased over the last 50 years from 8,000 ha (FAOSTAT 
2012) to about 14,500 ha (incl. 4,500 ha through multiple cultivation20) in 2012. This corresponds to a 
production volume of 400,000 t of vegetables, divided into 66% fresh vegetables, 22% stored veget-
ables (such as peas, beans, spinach) and 12% processed vegetables (such as carrots, onions, 
celery)21. About 400 ha of vegetables are 22grown in high glass or high tunnels. Outdoor cultivation in 
particular is steadily increasing (FSO 2013), whereby the area under cultivation (excluding additional 
areas due to multiple cultivation) today corresponds to approx. 1% of Switzerland's agricultural land.

The most important crops in Swiss outdoor cultivation are carrots (approx. 1,400 ha), spinach (approx. 
1,000 ha), peas (approx. 1,000 ha) followed by beans (800 ha) 23. In fresh vegetables, tomatoes 
(38,000 t) and carrots (19,000 t) are produced most frequently (LID 2010). Almost 55% of domestic 
demand is covered by Swiss production24. Vegetable imports come mainly from the EU (Spain, Italy 
and the Netherlands)25.

Vegetable cultivation accounts for 1.4 billion CHF of the agricultural production value. CHF 1.4 billion 
and thus exceeds fodder production despite the small area under cultivation (FSO 2012). At CHF 714.7 
million, the value added of products from horticulture is just above that of fresh vegetables at CHF 
673.7 million (BFS 2012).

20 http://www.gemuese.ch/de/markt-politik/statistik/anbauflaechen (accessed 25.10.2013)
21 http://www.szg.ch/kulturen/gemuese/ueberblick/ (accessed 25.10.2013)
22 http://www.gemuese.ch/de/markt-politik/statistik/anbauflaechen (accessed 25.10.2013)
23 http://www.gemuese.ch/de/markt-politik/statistik/anbauflaechen (accessed 25.10.2013)
24 http://www.szg.ch/kulturen/gemuese/ueberblick/ (accessed 25.10.2013)
25 http://www.gemuese.ch/de/markt-politik/statistik/importe (accessed 25.10.2013

http://www.gemuese.ch/de/markt-politik/statistik/anbauflaechen
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2.3.6.1 Problem areas
Public and private vegetable breeding has been severely neglected in Switzerland over the last 20-30 
years, resulting in a loss of breeding knowledge and skills. Expenditure on vegetable breeding re-
search has also been reduced and experts recommend the targeted use of funds to at least support 
and maintain the existing competences in Swiss vegetable breeding research. This approach is sup-
ported and coordinated, for example, by the 'Vegetable Research Forum'26.

Nevertheless, very good varieties are available to Swiss vegetable growers today, which are mainly 
bred and marketed by private foreign companies. However, the vegetable sector is following with con-
cern the discussions on the patenting of seeds, which it sees as threatening the producer's free choice 
of varieties from various suppliers in the future. In the organic sector, the availability of CMS-free breed-
ing lines will be a challenge.

With climate change, increased pest infestation and weed pressure is also to be expected, the con-
crete extent of which, however, is still difficult to assess. Seed-borne diseases represent a further chal-
lenge that is not yet reflected in Swiss legislation with regard to seed quality. Due to stricter conditions 
in the approval process, there is also a decreasing trend in the availability of adequate plant protection 
products, which are also meeting with dwindling consumer acceptance. The availability of multi-resist-
ant varieties is therefore becoming increasingly important for the future (personal communication Si-
mone Meyer, Association of Swiss Vegetable Producers).

In general, the conditions (price, quality, form) are set for vegetable producers by the major distribut-
ors, among others (personal communication Amadeus Zschunke, Sativa Rheinau), whereby the price 
pressure has intensified (LID 2010). If the Doha Round is concluded, border protection for vegetables 
would have to be greatly reduced (FOAG 2010), which will bring additional price pressure for veget-
able production.

2.3.7 Potatoes 

Globally, potato cultivation has been relatively stable, ranging between 18 and 20 million ha over the 
last 20 years, with China (28.1%) and Russia (11.4%) having the largest cultivated areas in 2012 
(FAOSTAT 2012). The area under cultivation in Switzerland has declined sharply over the past dec-
ades, but has remained stable since 2010 (FAOSTAT 2012). The current cultivation area of 11,000 ha 
is basically sufficient to ensure self-sufficiency. Per capita consumption has also been relatively stable 
since 1997. Table potatoes and processed potatoes account for the majority of the use of the Swiss 
harvest27.

Imports of potatoes range between 25,000 t (2001) and 65,000 t (2013) (minimum market access since 
2000 = 22,250 t). About 70% of the imported potatoes are used for consumption or processing, 20% 
are new seed potatoes or are used for the production of finished products. The remaining 10% is made 
up of imported semi-finished products with potato content28.

At CHF 180 million, potato cultivation accounts for about 1% of agricultural production value 
(FSO2012).

26 http://www.szg.ch/dienstleistung/forum-forschung-gemuese/ (accessed 3.12.2013)
27 http://www.kartoffel.ch/index.php?id=76&L=0 (accessed 25.10.2013)
28 http://www.blw.admin.ch/themen/01423/01433/01506/index.html?lang=de (accessed 25.10.2013)

http://www.kartoffel.ch/index.php?id=76&L=0%20%20
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2.3.7.1 Problem areas
Climatic changes (increasing irrigation needed) and diseases (viruses) are the main challenges in 
potato cultivation. In the future, it could be difficult to find potato varieties adapted to Switzerland. On 
the one hand, the adaptation to the Swiss climate might not be optimal, but the bigger problem is the 
granting of exclusive rights of newly developed varieties to private companies (personal communica-
tion Meinrad Müller, swisssem). An example of this is the variety 'Innovator', which is produced under 
contract for McDonalds29. Already today, all varieties on the recommended list of varieties come from 
European breeding (Agroscope2013).

2.3.8 Medicinal and aromatic plants 

Around 50,000 to 70,000 medicinal and aromatic plants are used worldwide. It is only since 1981 that 
small areas of spice, medicinal or medicinal plants, but also plants for the production of essential oils 
and cosmetics, have been cultivated again in Switzerland. Falling prices, synthesising and cheaper 
coverage of demand by foreign production had brought Swiss production to an almost complete stand-
still since the Second World War (Agroscope 2004). Switzerland's enormous potential for the cultivation 
of various aromatic/medicinal plants (Ricola herbs, etc.) is well known, but is only used very marginally. 
There is a trend towards increasing demand from the pharmaceutical and cosmetics industries30 . Cur-
rently, these crops are cultivated on only about 250 ha and managed by 150 producers. For comparis-
on: In Austria, cultivation is carried out on 6,000 ha (personal communication Bernd Büter, breeding 
botanicals international AG); in Germany on 13,000 ha3132.

In order to regain access to the international market, the profitability and product quality of these plants 
must be improved through research and development work, and cultivation must be intensified. Finan-
cial and cultivation support for this is provided by companies such as Ricola or Mediplant3334. Medi-
cinal and aromatic plants can be used in many ways. For example, in food (tea, spices, sweets, etc.), 
cosmetics and perfumery, human medicine (pharmaceuticals, herbal medicine, homeopathy, aroma-
therapy), wellness (massage oils, bath additives) and also in veterinary medicine.

2.3.8.1 Problem areas
For cultivation in Switzerland, not only the high cost of labour and profitability play a major role, but 
also adaptation to the local climatic conditions (e.g. winter hardiness). As with all crops, diseases, pests 
and weeds also lead to losses in production in the cultivation of spice and medicinal plants. As this 
sector is still very small, approved plant protection products are difficult to hardly available. The phar-
maceutical and spice industries basically have a great need for good raw material of the most diverse 
medicinal and spice plants. In order to ensure the homogeneity of large quantities of a commodity, the

29 http://www.fenaco.com/deu/meldung_26321.shtml (accessed 25.11.2013)
30 http://www.agroscope.admin.ch/agrimontana/00069/04221/04223/index.html?lang=de (accessed 31.10.2013)
31 http://www.europam.net/index.php?option=com_content&view=article&id=6&Itemid=11 (accessed 31.10.2013)
32 http://veranstaltungen.fnr.de/arzneipflanzen2013/ (accessed 4.11.2013)
33 http://www.mediplant.ch/en/welcome (accessed 31.10.2013)
34 http://www.agroscope.admin.ch/baies-plantes-medicinales/01297/index.html?lang=de (accessed 31.10.2013)

http://www.europam.net/index.php?option=com_content&view=article&id=6&Itemid=11%20%20
http://veranstaltungen.fnr.de/arzneipflanzen2013/%20%20
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z. e.g. in Germany, cultivation and supply contracts with large farms are preferred. While mechanical 
harvesting often requires an adaptation of conventional equipment, additional equipment for pro-
cessing (e.g. drying, cleaning) must also be factored in 35.

2.3.9 Viticulture 

Worldwide, 69 million tonnes of grapes are grown on an area of about 7 million ha. The largest shares 
of area are in Spain (13.6%), France (10.8%) and Italy (10.3%), but the largest wine producers (share 
of tonnes produced in world production) are China (13.3%), Italy (10.3) and the USA (9.8%). Over the 
last twenty years, the global wine-growing area has decreased by 800,000 ha, although there are re-
gional differences: for example, the area in the EU has decreased by 1 million ha, but in the same peri-
od it has quadrupled in China to 600,000 ha (FAOSTAT 2012).

In Switzerland, the area under vines has hardly changed and today amounts to 14,915 ha (FOAG 
2013). Organic viticulture is practised on approx. 2% of the areas. The fact that 85% is under 'integ-
rated production', i.e. near-natural production, is unique worldwide (personal communication Olivier 
Viret, Agroscope). There is a larger area under white vines (6,200 ha) compared to red vines (8,600 
ha) (BFS 2012). The most important red varieties in Swiss viticulture are Pinot Noir (Blauburgunder, 
Clevner, Spätburgunder), Gamay and Merlot. The most important white varieties are Chasselas (Fend-
ant, Gutedel), Müller-Thurgau (Riesling-Sylvaner) and Sylvaner (Johannisberg, Rhin, Grüner Silvan-
er) 36. The size of the vineyard areas ranges from about 5,000 ha in the canton of Valais, the Grisons 
or the Lavaux region on Lake Geneva, to isolated, small parcels of a few ha in the canton of Uri. A total 
of about 40 different grape varieties are cultivated by no less than 6,500 farms or winegrowers3738. The 
most common grape variety is Pinot Noir with about 4,300 ha. 80% of the Swiss winegrowing area 
alone is planted with the varieties Pinot Noir (29%), Chasselas (27%), Gamay (10%) and Merlot (7%) 
(BLW2013).

The share of viticulture in the agricultural production value is about 6.3%. Of this, about 2% is accoun-
ted for by the production of table grapes and 4% by wine production (FSO 2012).

2.3.9.1 Problem areas
An expansion of the winegrowing area in Switzerland is not foreseeable in the future. Additional cul-
tivation areas that guarantee optimal climatic growing conditions will not be available in the future 
either. Cultivation areas are limited at cantonal level by the wine cadastre. In addition, there is a steadily 
growing population and the increasing demand for residential areas, which often and willingly take up 
the beautiful slopes of the wine-growing regions. Swiss viticulture is also subject to national but above 
all international competition. Price pressure is rising due to increasing cheap production abroad. In ad-
dition to topographical and cultivation-related limitations, it is also the very fragmented production struc-
tures that cause high costs and increase competition from foreign production. The speciality of Swiss 
viticulture is its diversity. By cultivating different and unique grape varieties, Swiss viticulture manages 
to keep pace with globalisation (personal communication Olivier Viret, Agroscope).

35 http://www.lfl.bayern.de/ipz/heilpflanzen/030497/index.php (accessed 31.10.2013)
36 http://www.swisswine.ch/german/cepag/principaux.asp (accessed 25.10.2013)
37 http://www.weinlandschweiz.ch/index.php?article_id=34&clang=0 (accessed 25.10.2013)
38 http://www.landwirtschaft.ch/de/wissen/pflanzen/rebbau/bedeutung/ (accessed 25.10.2013)

http://www.lfl.bayern.de/ipz/heilpflanzen/030497/index.php%20%20
http://www.weinlandschweiz.ch/index.php?article_id=34&clang=0%20%20
http://www.landwirtschaft.ch/de/wissen/pflanzen/rebbau/bedeutung/%20%20
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2.4 Energy crops 
Today, agricultural crop production is no longer only the basis for the production of food or feed. Today, 
agricultural and forestry products are increasingly used in the non-food sector. On the one hand, these 
plant products are used as materials, e.g. to produce natural fibre composites, biodegradable pack-
aging materials, ecological building and insulation materials or natural binders. On the other hand, they 
are used energetically, e.g. for the production of CO2-neutral bioenergy. The extraction of renewable raw 
materials in agricultural crop production offers new market opportunities for agriculture, crafts and the 
processing industry.

Energy production by means of energy crops takes place through partial crop and whole crop utilisa-
tion (Meyer, Rösch et al. 2010). In partial crop utilisation, only part of the biomass is used (e.g. the oil-
containing seed of rapeseed), whereas in whole crop utilisation the entire biomass is used (e.g. maize, 
cereals, grassland or fast-growing tree species) (Meyer, Rösch et al2010). Besides traditional bioen-
ergy use (combustion of wood, charcoal, biogenic residues and manure, 90% of bioenergy use world-
wide) and the use of biogenic waste and residues, the cultivation of energy crops is only one sub-
sector (WBGU 2008).

In the USA, about 40% of the maize harvest is converted into biofuels today, and even in the next few 
decades no more than 10% of the fuel demand could be covered39. In Germany, almost three quarters 
of the rapeseed harvest forms the basis for biodiesel production40. Compared to many European coun-
tries, the cultivation of plants for energy production is not promoted in Switzerland. The feed-in of en-
ergy crops into biogas plants is limited by the cost-covering feed-in remuneration (KEV). There is no 
special promotion approach to support the cultivation of plants for energy production41.

Even in the future, the extraction of energy from energy crops will not make a significant contribution 
to a stable and also sustainable energy supply for the Swiss population. Despite rising prices for the 
exploration and extraction of fossil fuels, the use of energy from energy crops will only be a "bridge 
technology" for a future, more sustainable system (WBGU 2008). Sources of renewable energy will 
probably be wind, sun or water, which not only represent a lower conflict potential with regard to land 
use (food security, habitat, landscape protection (species, ecosystems)), but can also contribute to cli-
mate protection.

2.5 Alternative cultures 
Pseudocereals such as buckwheat, quinoa or amaranth can be used for alternative starch production 
or green manure. At the same time, the crop rotation is loosened up. Crops such as flax and hemp can 
be used as oil and fibre crops. Millet as well as sorghum show high water use efficiency and could 
benefit from climate change.

2.6 Forecast of future development 
The spread and breeding of a crop are mutually dependent. The more widespread a crop is and the 
better the breeder perceives his rights to the variety he has bred, the more it is worthwhile for him to 

39 http://www.ers.usda.gov/topics/farm-economy/bioenergy/background.aspx#.UmYTsndYWZV (accessed 21.10.2013)
40 http://www.energie-pflanzen.info/pflanzen/raps/ (accessed 11.9.2013
41 http://www.biomasseschweiz.ch/index.php/de/biomassenendergie-de/produktion-de (accessed 13.9.2013)
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breed improved varieties that make cultivation more attractive again. Such a situation currently pre-
vails with maize, where breeding progress is still at 2% per year. Nevertheless, it is also possible that 
hitherto little-used crops can gain an important position within a short time. The example of oilseed 
rape illustrates this very well: with the help of publicly financed basic research, innovations such as "00 
rape" allowed new directions of use, which made the plant very attractive for cultivation and thus also 
for private breeding. Furthermore, the example of rapeseed also shows how strongly cultivation is de-
pendent on the political environment: for example, the area under cultivation rose sharply again as a 
result of state-subsidised biodiesel production in Germany. Both possible technical innovations and 
the political environment are very difficult, if not impossible, to predict, which makes it very difficult to 
answer the question of which crops have market potential for the future. This is especially true in 
Switzerland, where prices of crop products are generally above world market levels and crops grown 
depend mainly on border protection or support measures. Nevertheless, certain general trends can be 
derived:

- The high level of consumer awareness of products of Swiss origin (see also Chapter 7) holds 
potential for crops that serve direct human nutrition, such as bread wheat, vegetables and 
fruits.

- The high demand for high-quality and healthy food has a high potential for comparatively high 
investments in the production and processing of plants in the food and feed sector.

- The more extensively genetically modified organisms are cultivated worldwide, the more diffi-
cult it will be to obtain GMO-free raw products for Switzerland on the world market. This in-
creases Switzerland's dependence on imported proteins. This results in a growing potential for 
domestic pulses.
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3 Existing and future breeding strategies and main breeding programmes 
Plant breeding is influenced directly or indirectly by the state in the international environment. Direct 
influence is limited to the maintenance of state breeding programmes, such as at the Bavarian State 
Research Centre for Agriculture (LfL)42 for wheat and at the University of Stuttgart-Hohenheim for 
wheat, durum wheat, 43rye, triticale, soya44 and sunflower for biogas production45.

Indirectly, plant breeding is supported by the funding of public research programmes. In the European 
environment, these are mainly regulated through framework programmes and research strategies. 
Public spending on research and development (R&D) in the agricultural sector has been declining 
since the 1970s in industrialised countries and is increasingly turning away from productivity towards 
broader areas such as ecology (Pardey and Pingali 2010, Kirschke, Häger et al. 2011). Overall, pub-
lic spending on R&D, at least for Germany, has shown stagnation since 2000 (Noleppa and von Witzke 
2013). Private industry spending, on the other hand, is rising and in 2006 already accounted for more 
than 50% of the costs for R&D in the entire agricultural sector in industrialised countries (Pardey and 
Pingali 2010). Monsanto, for example, invested US$ 1.2 billion in 2007. In 2007, Monsanto invested 
US$ 1.2 billion, placing it ahead of the US government in terms of R&D spending, which invested about 
US$ 1.1 billion in agricultural research in the same year. US dollars46 for agricultural research in the 
same year.

Recently, a resolution on future plant breeding in the focus of food security and sustainable develop-
ment was tabled in the European Parliament. Financial resources are to be made available to main-
tain and promote structured plant breeding research at European level. The goal is an effective plant 
breeding industry that is able to guarantee adapted, stress-tolerant varieties and diversity for the fu-
ture (EU 2013).

3.1 What is breeding? 
Breeding describes the process of targeted genetic improvement of crop plants with regard to a vari-
ety of traits. Regardless of the traits, the type of crop and the breeding methodology used, the basic 
scheme remains the same in each case (Fig. 6). Starting from an initial population, the breeder must 
first characterise the material for its totality of appearance traits (phenotype) and possibly also for its 
hereditary traits (genotype). The data collected is then processed using various methods to select the 
plants with the best characteristics. The selected plants may lead directly to a new, improved variety 
or serve as parents (possibly together with new material introduced into the cycle) of new crosses and 
thus as the basis for the next round of the cycle.

42 http://www.lfl.bayern.de/ipz/getreide/024940/index.php  (accessed 10.10.2013)
43 https://www.uni-hohenheim.de/news/fleckige-nudeln-ohne-biss-forscher-nehmen-hartweizen-gene-unter-die-lupe-2 (accessed 10.10.2013)
44 https://www. uni-hohenheim.de/projekt/ausweitung-des-sojaanbaus-in-deutschland-durch-zuechterische-anpassung-und-pflanzenbauliche-optimie-

rung (accessed 10.10.2013)
45 https://www.uni-hohenheim.de/einrichtung/lsa-arbeitsgebiet-sonnenblumen-u-leguminosen (accessed 10.10.2013)
46 http://www.nature.com/news/2010/100728/full/466548a.html (accessed 8.11.2013)

http://www.lfl.bayern.de/ipz/getreide/024940/index.php
http://www.uni-hohenheim.de/news/fleckige-nudeln-ohne-biss-forscher-nehmen-hartweizen-gene-unter-die-lupe-2
http://www.uni-hohenheim.de/projekt/ausweitung-des-sojaanbaus-in-deutschland-durch-zuechterische-anpassung-und-pflanzenbauliche-
http://www.uni-hohenheim.de/projekt/ausweitung-des-sojaanbaus-in-deutschland-durch-zuechterische-anpassung-und-pflanzenbauliche-
http://www.uni-hohenheim.de/projekt/ausweitung-des-sojaanbaus-in-deutschland-durch-zuechterische-anpassung-und-pflanzenbauliche-
http://www.uni-hohenheim.de/einrichtung/lsa-arbeitsgebiet-sonnenblumen-u-leguminosen-1
http://www.nature.com/news/2010/100728/full/466548a.html
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Figure 6: Schematic representation of the breeding cycle (Own representation) 

3.2 Breeding strategies at European level 
Breeding strategies can be defined and pursued at different international and national levels, as well 
as between or by different partners. This form of strategy is pursued, for example, by the Stakeholder 
Forum 'European Technology Platform' (ETP). This brings together 1,000 industrial companies (includ-
ing Nestlé, KWS and Limagrain), 270 scientific institutions and 76 agricultural associations as well as 
over 40,000 agricultural cooperations. The ETP aims to strengthen innovation and strategic research 
in plant breeding. A Research Agenda to 2025 was launched in the European Parliament in 2007 and 
includes the following objectives47:

 Creating food diversity by conserving crop species and varieties (within 5 years), improving 
crops and varieties through phenotyping and genotyping (within 10 years) and ensuring their 
diversity (within 15 years).

 Increase product quality by improving nutrient and energy content as well as processability.
 Creating sustainable agriculture through resistance breeding, exploiting symbiotic interactions 

and other methods.

However, these strategies are to be understood more as the definition of fundamental goals than as 
precise research or breeding approaches. In concrete terms, the elaborated research agenda is to be 
implemented at national level through the establishment of technology platforms48. Furthermore, the 
ETP is a member of the Joint Programming Initiative on Agriculture, Food Security and Climate Change 
(FACCE JPI) (FACCE-JPI2012), which aims49, among other things, at sustainably intensified agricul-
ture under current and future stability of climate and resource availability. For example, the FACCE JPI 
has launched international project funding of 19 million euros. Interdisciplinary and innovative projects 
on adaptation to climate change are to be supported. The 'Swiss National Fund for Research' (SNF) 
supports this call for projects with 700,000 euros (FACCE-JPI2013).

47 http://www.plantetp.org (accessed 20.10.2013)
48 http://www.plantetp.org/index.php/activities-54/atnationallevel/nationaltps (accessed 23.10.2013)
49 http://www.faccejpi.com/About-Us/What-is-FACCE-JPI (accessed 27.11.2013)

http://www.plantetp.org/index.php/activities-54/atnationallevel/nationaltps%20%20
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Breeding strategies are often determined indirectly through research programmes. One example is the 
European Union's (EU) new Horizon 2020 framework programme, which also addresses future chal-
lenges such as renewable energy, food security and nutrition50. In Horizon 2020, ETP advocated for 
funds in the area of food security within sustainable agriculture (ETP 2013) and the EU allocated 4.1 
billion euros for the period 2014 to 2020 (ETP 2013). Euros for the period 2014 to 2020 (Horizon2020 
2013). Switzerland is also involved in this EU programme, which is the most important independent 
source of funding for Swiss science after the SNSF51.

3.3 Breeding strategies at national level 

3.3.1 Germany 

The Federal Association of German Plant Breeders e.V. (BDP) represents the interests of 130 com-
panies, 60 of which maintain original breeding programmes (18 in forage crops, 39 in cereals, 9 in ve-
getables) (BDP 2013). In Germany, the number of small breeding companies has been greatly re-
duced, with the remaining ones tending to focus more on niche markets (Franck 2007).

The share of research and development in the companies' turnover is over 16% (internal survey of 
BDP members in 2010, cited in Noleppa and von Witzke (2013)). Private and public investments in 
plant breeding together amount to about 200 million euros and have stagnated since the turn of the 
millennium. According to experts, the share of public research is around 50-75% (Noleppa and von 
Witzke 2013). However, the share of private funding is generally increasing: in the 'GABI' initiatives 
(genome analysis in the plant biological system) and their successor 'PLANT 2030', for example, it has 
risen over the years from 15% in 2004/07 ('GABI 2 projects') to the current 23.5% (BioEconomy Council 
2012).

3.3.1.1 Strategies in plant breeding
Strategies that give plant breeding a rough direction are mainly established indirectly at the national 
level. For example, the German Federal Ministry of Education and Research (BMBF) and the Federal 
Ministry of Food, Agriculture and Consumer Protection (BMELV) provide funds to cover and support 
certain segments of plant research. Research institutions, breeding companies or cooperations can 
apply for these funds with corresponding projects (Fig. 7). The most important programmes and ob-
jectives are briefly explained below.

50 http://ec.europa.eu/research/horizon2020/index_en.cfm?pg=h2020 (accessed 24.10.2013)
51 https://www.ethlife.ethz.ch/archive_articles/130911_horizon_2020_mm/index (accessed 12.9.2013)

http://ec.europa.eu/research/horizon2020/index_en.cfm?pg=h2020
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Figure 7: Schematic representation of research strategies ('Horizon 2020' and 'Bioeconomy') and funding pro-
grammes that influence breeding and enable technological innovations via 'private-public partnerships' 
(PPP). 

PLANT 2030

The 'PLANT 2030' projects were launched in 2011 with the BMBF's 'Plant Biotechnology of the Future' 
funding phase. This successor programme to 'GABI' brings together 68 public institutions and 44 busi-
ness partners. It is endowed with 51.7 million euros in funding. 12.3 million euros or 23.8% of these 
funds are contributed by industry (BioÖkonomieRat 2012). The goals are 52:

 Expansion of the yield potential.
 Improve tolerance to biotic and abiotic stress.
 Optimisation of plant architecture, quality and ingredients.
 Increase water and nutrient use efficiency.
 Conservation of biodiversity in agro-ecosystems.

The 'PLANT 2030' projects include the programme 'Transnational Plant Alliance for Novel Technolo-
gies - Towards Implementing the Knowledge-Based Bio-Economy in Europe and beyond' ('PLANT-
KBBE'). From 2008 to 2010, 54 transnational alliances have been established in three calls for pro-
posals so far, which were supported with approximately 68 million euros of public funding (BMBF 
2012).

52 http://www.bmbf.de/foerderungen/14639.php (accessed 27.11.2013)
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BioEconomy 2030

With the national research strategy 'BioEconomy 2030', the BMBF wants to lay the foundations for a 
sustainable bio-based economy and focus on private and public breeding, among other things. The 
programme has 2 billion euros in funding. The programme has 2 billion euros in funding, lasts 6 years 
and covers the areas of food security, agriculture, health and energy. Within the framework of the 
'Bioeconomy 2030', the following goals for plant breeding are formulated, among others:

"Plant breeding is primarily concerned with expanding the performance potential of crops and stabil-
ising yields through improved resistance to pathogens and tolerances, e.g. to heat, drought, cold and 
salinisation, as well as through adaptation to sustainable forms of cultivation" (BMBF 2010).

In addition, locally adapted varieties are to be preserved and the range of cultivated plants expanded, 
which also applies to relevant species in developing countries (BMBF 2010). In the area of plant breed-
ing, the following measures are planned, among others:

 Use of modern plant biotechnology and its transfer to breeding.
 Regional adaptation of varieties to farming in developing countries through participatory 

breeding.
 Use and development of phenotyping technologies.
 Genetic diversity in agricultural organisms and close wild relatives should provide information 

on potentially important traits.
 Promotion of new cultivation techniques.
 Promotion of crops with novel traits.
 Research into international concepts for the protection of climate, nature, soil, water, air and 

important nutrients as well as the ecosystem service of biodiversity.

The objectives basically coincide with those formulated by the CFP (CFP 2011). In the launched 'Pro-
motion Programmes for World Food Security' (GlobE), 'Innovative Plant Breeding in Cultivation Sys-
tems' (IPAS), 'German Plant Phenotyping Network' (DPPN), 'Animal Welfare and Animal Health' (ANI-
HWA) and through the FACCE-JPI (BioEconomyCouncil 2013), elaborated breeding priorities are set. 
For example, new plant breeding innovations in different cropping systems are being investigated53 
within the framework of the 'IPAS projects'.

Renewable raw materials

In the BMELV's 'Renewable Resources' funding programme, the focus is on increasing the efficiency 
of starch, sugar and oil/fat production from energy and protein crops. The spectrum of protein crops in 
Europe is to be expanded overall, especially with regard to winter hardiness and suitability as a winter 
catch crop (BMELV 2011).

Promotion legumes

In Germany, breeding programmes for peas have largely been discontinued54. Now, with the support 
of the BMELV, competitive disadvantages of indigenous protein crops are to be reduced again, e.g. 
through improvements in stability and feed value (Specht 2010). This includes setting appropriate 

53 http://www.ptj.de/biooekonomie (accessed 2.9.2013)
54 http://www.landwirtschaftskammer.de/landwirtschaft/ackerbau/eiweisspflanzen/futtererbsen-sv-2012.htm (accessed 2.9.2013)

http://www.ptj.de/biooekonomie
http://www.landwirtschaftskammer.de/landwirtschaft/ackerbau/eiweisspflanzen/futtererbsen-sv-2012.htm
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breeding targets, applied and basic research in cultivation, improvements along the entire value chain 
and the assessment and implementation of agricultural policy measures through the 'Protein Crop 
Strategy'. The government-funded programme "Legume-Supported Cropping Systems for Europe' 
(Legume Futures) seeks improved cropping systems for grain and fodder legumes (BMELV 2012). The 
cultivation and use of legumes is also to be supported by the BMELV at international level within the 
framework of Horizon 2020 (BMELV 2012). The Union for the Promotion of Oil and Protein Plants 
(UFOP) also supports research projects. (UFOP) also supports research projects in Germany (Specht 
2010, UFOP 2012). The goals of the 'Protein Crop Strategy' in field bean, grain feed pea, lupin, soy-
bean, clover and lucerne are (BMELV 2012):

 Expansion of the genetic basis for new trait combinations.
 The establishment of pre-breeding programmes.
 Developing hybrids and increasing the stress tolerance of winter forms.
 Yield increase through breeding for stress tolerance, resistance and agronomic traits.
 Development of methods for non-destructive ingredient analysis.
 The evolution of double haploids and identification of molecular markers.

Innovation promotion

The BMBF also maintains a programme to promote innovation, which partly includes plant breeding. 
The aim is to develop breeding methods and procedures and to secure the supply and quality of crops 
in the long term under changing climatic and site conditions (BMBF2012).

3.3.2 France 

The most important national body bringing together French plant breeding, seed production and seed 
marketing is the Union Française des Semenciers' (UFS). It unites 67 French plant breeders and plant 
and seed producers and represents their interests at national and international level55. There is a state 
strategy of the 'Ministère de l'Agriculture et de la Pêche' (MAP) for sustainable agriculture (MAP 2007, 
MAP 2009). Goals are, for example, to double the area of legumes from 2007 to 2020 to about 1 mil-
lion ha or to reduce the use of plant protection products by 50% by 2018 (MAP 2009). Important in-
struments are the agricultural policy and the state research institutes (MAP 2009). For example, the 
'Institut national de la recherche agronomique' (INRA) coordinates numerous projects56.

3.3.2.1 Strategy in plant breeding
Plant breeding is directly supported by the state through the 'Ecophyto' programme (40.5 million euros 
per year57). This programme aims to reduce the use of pesticides, but the breeding of resistant plants 
plays only a minor role in it (MAP 2008, INRA 2010). Public-private plant breeding is largely organised 
through the national technology platform of the interest group 'Plant Biotechnologies' (GIS BV). GIS 
BV is a partnership of public (e.g. INRA) and private institutions (e.g. Syngenta and Biogemma) 5858 

whose projects are not co-financed by the French Ministry of Agriculture (MAAPRAT) (PNACC 2012).

55 http://www.ufs-semenciers.org/quisommesnous/Lists/pages/chiffrescles.aspx (accessed 25.10.2013)
56 http://www4.clermont.inra.fr/umr1095/Equipes/Recherches/Rendement-et-Adaptation-du-Ble-aux-Contraintes-Abiotiques/Projets-de-recherche (ac-

cessed 6.12.2013)
57 http://agriculture.gouv.fr/budget-ecophyto-2013-ccg (accessed 21.10.2013)
58 http://gisbiotechnologiesvertes.com/en/presentation-du-gis-bv/8-presentation-of-the-gis-bv/3-members.html (accessed 18.9.2013)
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Agence Nationale de la Recherche (ANR)

The 'Agence Nationale de la Recherche' (ANR) aims to bring new impetus to the research sector. It is 
organising an Action Plan 2014 on behalf of the Ministry of Higher Education and Research. This un-
dertaking is modelled on 'Horizon 2020' and will mainly support projects in the areas of food security 
and demographic challenges, health and adaptation to climate change 59.

Fonds de soutien à l'obtention végétale (FSOV)

The FSOV funds earmarked research programmes for sustainable agriculture in terms of resource effi-
ciency. Projects should be geared towards the development of market varieties and must necessarily 
involve cooperation between companies and public research institutions. The goals are to breed and 
develop nitrogen-efficient varieties, cold tolerance and disease resistance and to increase product 
quality60. Between 2012 and 2014, projects worth approximately 19 million euros will be supported, 
which will mainly serve to achieve the goals of 'Ecophyto' (resistance breeding, 9 million euros) and 
adaptation to climate change (FSOV 2012).

GIS platform

The goal is the development of technologies and the elaboration of knowledge for innovative plant 
breeding (GIS 2013). Various projects have already been planned or started and are intended to intro-
duce ecophysiology as well as modern phenotyping and genotyping methods into breeding in addition 
to the genetic principles (classical genetics, genetic engineering). The three largest GIS projects are 
'AMAIZING', 'BREEDWHEAT' (34 million euros (WheatInitiative 2012)) and 'Phénome' (56 million 
euros (WheatInitiative 2012)). In the 'Phénome' project, for example, 5 high-performance phenotyping 
platforms are being built, with software and hardware (e.g. sensors) also being developed for seed 
companies, technical institutions and public research groups (GIS 2013). The GIS BV platform has for-
mulated the following four main strategic objectives to guide its projects61:

 The adaptation of crops to climate change.
 Increase water and nutrient use efficiency.
 Increasing yield and quality while taking sustainability aspects into account.
 New applications for plant products.

Specific objectives within the GIS Platform were set out in three position papers in 2012 and 2013 and 
include:

 Achieving nitrogen fixation for cereals through genetic engineering (GIS2013).
 Optimisation of photosynthesis through improved leaf position, new farming systems (e.g. mi-

croalgae) or metabolic efficiency of CO2 fixation (Zhu, Long et al. 2010, GIS2013).
 Root research in the areas of architecture, interactions in the rhizosphere and non-destruct-

ive phenotyping (GIS2012).

59 http://www.agence-nationale-recherche.fr/en/funding-opportunities/major-societal-challenges/ (accessed 7.11.2013)
60 http://www.fsov.org/fsov-recherche-varietes-agriculture-durable.html (accessed 31.10.2013)
61 http://gisbiotechnologiesvertes.com/en/presentation-du-gis-bv.html (accessed 18.9.2013)
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3.3.3 Italy 

In Italy, there is no significant state breeding and no large breeders any more (personal communica-
tion Elisabetta Frascaroli, University of Bologna). Public institutions such as the University of Bologna 
carry out breeding research6263and are supposed to act as national technology platforms in this field. 
In addition, private multinationals such as Monsanto and Pioneer maintain experimental stations in 
Italy. These sites do not so much serve as headquarters for breeding, but rather enable the compan-
ies to carry out the necessary site-specific testing of their varieties in Europe. Most of the breeding 
takes place in the Midwest of the USA, where similar climatic conditions prevail.

Nevertheless, there are smaller, private breeders who concentrate on Italian specialities such as dur-
um wheat for pasta production. These breeding programmes are supported less by the state than by 
the food industry. A prominent example is the cooperation between the pasta producer Barilla and the 
'Società Produttori Sementi'64. It is also worth noting that independent sub-regions within Italy pursue 
somewhat different policies. The region of Trentino - South Tyrol, for example, promotes apple cultiv-
ation because this crop plays a very important role there (personal communication Elisabetta Frascar-
oli, University of Bologna). Part of the work on sequencing the apple genome (Velasco, Zharkikh et al. 
2010) took place there, among others.

3.3.4 Switzerland 

In Switzerland, much of the breeding work is done by Agroscope. Here, 12 species of forage grasses, 
wheat, soya, apples, apricots, vines and medicinal and aromatic plants (sage, thyme, hyssop, lemon 
balm, etc.) are cultivated (IST analysis). Agroscope works in cooperation with the DSP. In wheat and 
partly in fodder plants and soya, DSP is responsible for variety testing, as well as for the production of 
basic seed, maintenance breeding and the registration of varieties. The DSP company breeds grain 
and silage maize itself (DSP 2012). In cooperation with producers, various vegetable varieties are 
maintained for conventional and organic cultivation. These include, for example, amaranth and lettuce 
varieties as well as two organic sunflower varieties (DSP 2011) of the GZPK (actual analysis).

Breeding in Switzerland:

 Agroscope (12 fodder plant species, soy, wheat, apples, apricots, vines, medicinal and aro-
matic plants)

 DSP (maize)
 GZPK (spelt, peas, maize, sunflower, triticale and wheat)
 Sativa Rheinau AG (twelve vegetable varieties)
 Breeding Botanicals International (several species)
 Lubera (fruit, berries)
 Other private growers (vines)

For the purpose of preserving varieties, Zollinger Samen maintains 350-400 plant species and 
varieties65. ProSpeciaRara maintains some species and updates them genetically for cultivation. 

62 http://www.almafood.unibo.it/AlmaFood/Research/Plant_food_production.htm (accessed 24.10.2013)
63 http://www.plantetp.org/index.php/activities-54/atnationallevel/nationaltps (accessed 24.10.2013)
64 http://www.prosementi.com/news/psb-e-barilla-puntano-allinnovazione (accessed 24.10.2013)

65 http://www.zollinger-samen.ch/de/about/ (accessed 27.11.2013)

http://www.almafood.unibo.it/AlmaFood/Research/Plant_food_production.htm


40

Breeding research is also carried out on buckwheat, forage plants (both ETH Zurich) and wheat (Uni-
versity of Zurich). Rapeseed, potato and sugar beet are not cultivated in Switzerland.

3.3.4.1 FOAG's position to date on the development of plant breeding
The FOAG calls for a strengthening of arable farming, in particular to limit feed imports (FOAG 2010). 
Agrobiodiversity should be further promoted and take its place in sustainable Swiss agriculture (FOAG 
2010, Kopainsky, Flury et al. 2013). The 'agricultural knowledge system' should be strengthened. To 
this end, spin-offs, i.e. spin-offs of business units from companies or universities, are to be supported 
by means of venture capital made available (FOAG 2010). Scientific findings should flow into practice 
more quickly and be applied.

Crops need to be adapted to climate change and sustainable farming systems. Both conventional and 
modern breeding methods and technologies should contribute to this (including marker-assisted se-
lection (MAS), double haploids, proteomics, protoplast fusion and genetic engineering if it brings sig-
nificant added value). The focus of interest here is, among other things, increasing the nutrient effi-
ciency of plants. One example is the consideration of mycorrhizal symbioses in breeding and cultiva-
tion, which can contribute to the reduction of climate-damaging emissions (FOAG 2012).

The heat and drought stress of crops is to be reduced through breeding in order to prevent any cli-
matic changes or extreme weather events from having an effect on the basis of food and feed produc-
tion - agriculture (FOAG 2011).

3.3.4.2 The REDES study
According to the FOAG study 'Resource Efficiency in the Service of Food Security' (REDES), pro-
ductivity increases play a central role with regard to production and resource conservation. In the area 
of plant breeding, increases in yield and nutrient efficiency have been identified as significant (Kopa-
insky, Flury et al. 2013). It is assumed that the degree of self-sufficiency will fall to about 50% by 2050. 
Until then, only grass will gain in importance. Legumes, fruits and feed grains will maintain their im-
portance. Cereals, oilseeds, vegetables and root and tuber crops will slightly lose importance. A slight 
shift from crop production to animal husbandry is expected (Kopainsky, Flury et al. 2013).

3.4 Important crops and their breeding 
In the following, the international environment in which breeding takes place is highlighted for import-
ant crops, and breeding objectives and relevant breeders for Switzerland and, where possible, their 
methods are presented.

3.4.1 Wheat breeding 

In contrast to maize, yield growth in wheat has been declining since the 1980s (Long and Ort 2010). It 
is assumed that elite wheat varieties today bring a maximum of 60% of the biomass into the grain and 
can absorb 90% of the solar radiation during the growing period (Zhu, Long et al. 2010). Further op-
timisation therefore poses challenges for breeding today. One of the possibilities, optimising the pho-
tosynthetic apparatus, is metabolically complex and difficult to capture (Zhu, Long et al. 2010, Murch-
ie and Lawson 2013). Another possibility, the development of hybrid wheat, has not been consistently 
pursued to date (Franck 2007).

3.4.1.1 Global and European programmes
Today, there are hardly any government breeding programmes or breeding strategies for wheat. At 
the international level, the Wheat Yield Consortium (WYC) was created with 31 partner organisations, 
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including the Centro Internacional de Mejoramiento de Maiz y Trigo (CIMMYT) and the Biotechnology 
and Biological Sciences Research Council (BBSRC)66. The WYC aims to link research platforms and 
register their activities to help wheat research have more impact (Reynolds, Bonnett et al. 2011). In 
addition, the Wheat Initiative has been launched to support the increase of yield progress from less 
than 1% per year today to at least 1.7%. This is to be achieved by exploiting synergies, e.g. in durum 
and bread wheat breeding, as well as global cooperation. The initiative is supported by the G20 na-
tions. Participants from the private breeding sector include Syngenta Crop Protection AG, KWS UK 
and Monsanto (Wheat Initiative 2012).

Various public-private projects in wheat breeding exist in France (GIS Plattfrom and FSOV), Italy (ISO-
CEM) and Germany (PLANT 2030) (Appendix II).

3.4.1.2 Germany: state and private breeding
Wheat breeding is intensively pursued in Germany: 39 companies are active in cereal breeding (BDP 
2013) and 20.2% of the breeding garden areas (excluding forage plants) are reserved for wheat breed-
ing (Noleppa and von Witzke 2013). Research projects currently underway in Germany include, for ex-
ample, the development of markers for agronomically important traits in wheat (2 projects, 3.5 million 
euros), N-sustainability in cereals (2 projects, 2.0 million euros), frost tolerance (1.1 million euros), hy-
brid wheat (2 projects 3.6 million euros) and tolerance to biotic (3 projects, 5.8 million euros) and abi-
otic stress (4 projects, 3.1 million euros) 67. A total of 6.7 million euros per year is invested in these re-
search programmes (Fig. 8), most of which is devoted to the application and development of modern 
breeding methods (Fig. 9). The CFP has also launched the 'ProWheat' programme, which is positioned 
within the global 'Wheat Initiative' and covers the topics of hybrid breeding, molecular yield physiology 
and phenotyping.

Figure 8Share of breeding priorities in research funding in Germany (6.7 million euros per year) (Source: 'PLANT 2030' 
and 'Wheat Initiative') 

66 http://blog.cimmyt.org/?p=7920 (accessed 6.9.2013)
67 http://www.pflanzenforschung.de/de/plant-2030/fachinformationen/projektdatenbank (accessed 6.9.2013)
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Figure 9: Share of methods used in research funding in Germany (6.7 million euros per year) (Source: 'PLANT 2030' 
and 'Wheat Initiative') 

The LfL maintains a breeding programme and is currently participating in projects such as 'NoSprout' and 
'EfficientWheat'68, which aim at adapting wheat varieties to climate change, avoiding quality losses and 
disease resistance. The University of Hohenheim is mainly active in durum wheat breeding. The breed-
ing goals are to improve yield and the important quality traits of colour potential, protein content and cook-
ing firmness, as well as winter hardiness and Fusarium resistance. In a project funded by the German 
Research Foundation (DFG) with 265,000 euros over 3 years69, tools for breeding winter hardy, robust 
durum wheat varieties without compromising quality are to be developed by applying modern methods.

In Germany, 39 companies work in wheat breeding (BDP 2013). In Austria there are four70, in Switzer-
land one company. The breeding goals of important companies (Saaten Union GmbH, Strube, 
Deutsche Saatveredelung AG) are to develop hybrid wheat7172, increase yields, optimise ingredients 
and disease resistance7374, and increase tolerance to abiotic stress757677.

68 http://www.lfl.bayern.de/ipz/getreide/024940/index.php (accessed 6. 9.2013)
69 https://www.uni-hohenheim.de/news/fleckige-nudeln-ohne-biss-forscher-nehmen-hartweizen-gene-unter-die-lupe-2 (accessed 6.9.2013)
70 http://www.saatgut-oesterreich.at/page.asp/1271.htm (accessed 6.9.2013)
71 http://www.saaten-union.de/index.cfm/nav/132.html (accessed 9.9.2013)
72 http://www.strube-research.net/Pflanzenzuechtung/?n=7 (accessed 9.9.2013)
73 http://www.dieckmann-seeds.de/forschung-entwicklung/zuechtung/ (accessed 9.9.2013)
74 http://www.dsv-saaten.de/unternehmen/innovative_zuechtung/innovative_zuechtung.html (accessed 9.9.2013)
75 http://www.dieckmann-seeds.de/forschung-entwicklung/zuechtung/ (accessed 09.09.2013)
76 http://www.dsv-saaten.de/unternehmen/innovative_zuechtung/innovative_zuechtung.html (accessed 9.9.2013)
77 http://www.strube-research.net/Strube%20Research/?n=9 (accessed 9.9.2013)

http://www.lfl.bayern.de/ipz/getreide/024940/index.php
http://www.saaten-union.de/index.cfm/nav/132.html%20
http://www.strube-research.net/Pflanzenzuechtung/?n=7
http://www.dieckmann-seeds.de/forschung-entwicklung/zuechtung/
http://www.dieckmann-seeds.de/forschung-entwicklung/zuechtung/
http://www.strube-research.net/Strube%20Research/?n=9
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3.4.1.3 International companies
Large companies still see great economic potential in wheat breeding today. KWS Lochow, for ex-
ample, increased78 its budget for yield breeding in the growing wheat sector79 by 30% in 2011. In ad-
dition to increasing yields, fungal resistance is also to be improved, e.g. through the use of genetic en-
gineering (KWS 2012). Bayer CropScience opened a new wheat research centre in Gatersleben in 
2012 and a wheat breeding station near Paris in 2013.80  Over 7 million euros are to be invested in the 
next three years.81 Breeding goals are above all higher yields, grain quality, efficient use of water, heat 
tolerance and increasing the resistance of wheat to fungal diseases.82 In addition, N and P efficiency, 
protein content and baking quality are important characteristics in the focus of breeding.8384 Monsanto 
also added wheat to its product portfolio in 2009. The aim is to achieve better tolerance to biotic and 
abiotic stress.85 In a cooperation with BASF, Monsanto is working primarily on increasing yields and 
stress and herbicide tolerance86 through genetic engineering (CropLife 2012).

3.4.1.4 Most important research fields and breeding goals
The most important research fields and breeding goals as well as the size of relevant research pro-
grammes are summarised in tabular form below (Tab. 1). For a detailed description of the individual 
projects, see Appendix II.

78 http://www.kws-lochow.de/qualityplus1.html (accessed 10.9.2013)
79 http://www.kws.de/go/id/ercu/ (accessed 10.9.2013)
80 http://www.cropscience.bayer.com/en/Magazine/Creating-Tomorrows-Commitment/Creating-Tomorrows-Wheat-Part-2.aspx (accessed 10.9.2013)
81 http://www.cropscience.bayer.com/en/Media/Press-Releases/2013/Bayer-CropScience-opens-Wheat-Breeding-Station-in-Milly-la-Fort-near-Paris-

France.aspx?overviewId=D7EED097-06ED-444F-9333-27DCBE3D91F1&language=de-DE (accessed 10.9.2013)
82 http://www.cropscience.bayer.com/en/Media/Press-Releases/2013/Bayer-CropScience-opens-Wheat-Breeding-Station-in-Milly-la-Fort-near-Paris-

France.aspx?overviewId=D7EED097-06ED-444F-9333-27DCBE3D91F1&language=de-DE (accessed 12.9.2013)
83 http://www.cropscience.bayer.com/en/Products-and-Innovation/Key-Crops/Wheat.aspx (accessed 12.9.2013)
84 http://www.cropscience.bayer.com/en/Magazine/Creating-Tomorrows-Commitment/Creating-Tomorrows-Wheat-Part-2.aspx (accessed 12.9.2013)
85 http://monsantoblog.com/2013/01/14/monsantos-2013-research-pipeline-update/ (accessed 10.9.2013)
86 http://monsantoblog.com/2013/01/14/monsantos-2013-research-pipeline-update/ (accessed 10.9.2013)
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Table 1: Number of established projects, summarised annual investments as well as research approaches pursued 
and most important individual projects for the most important research fields in wheat breeding. 

Property/ Goal Number 
of pro-
jects

Invest-
ments (in 
million 
euros)

Approaches pursued Important projects

Hybrid wheat 11 1.28 - Use of synthetic hexaploid wheat 
lines as hybrid parents

- Mechanisms for male sterility of the 
seed mother

- Promises yield increase of 3.5-30%.

- Hy-wheat
- Hywheat

Eco-efficiency 6 1.49 - Breeding for nutrient efficiency
- N-fixing cereals through genetic en-
gineering

- Various projects FSOV
- Nitro Sus

Yield 6 1.51 - Sustainable intensification
- Increase photosynthetic capacity 
and efficiency and optimise CO2 fixa-
tion

- SELECT
- VALID

Biotic resistance 10 7.71 - Evaluation of genetic resources
- Mapping of new resistance genes 
- Use of genetic markers for pyramid-
isation of different resistances. Res-
istance

- Evaluation Programme 
of Plant Genetic Re-
sources (EVA)

- ProtectWheat (EU)

Abiotic tolerance 8 5.58 - Classic improvement Drought and 
frost tolerance

- Use of mycorrhizal symbioses
- Identification of genetic markers for 

stress tolerance

- BREEDWHEAT
- CORNET
-Robust Wheat/NOS-
PROUT
- FroWheat

Quality 5 1.0 - Improvement of protein quality for 
baking properties in common wheat

- Improve outgrowth resistance
- Improvement of versch. Characterist-

ics in durum wheat
Phenotyping gen-
eral

5 8.82 - More accurate description of plants 
through sensor-based non-invasive 
methods

- PHÉNOME
- DPPN

a the total amount of investments includes only those projects for which data was available. For the breakdown of funds to individual 
projects, see Appendix II.

3.4.1.5 Wheat breeding in Switzerland
Since the 1980s, the ACW Research Station has focused its wheat breeding primarily on baking qual-
ity, disease resistance and stable yields (Fossati and Brabant 2003, BLW, ACW et al. 2008). This has 
proved successful to this day, as Swiss varieties are very popular in the top quality classes and dom-
inate the Swiss market (personal communication Meinrad Müller, swisssem). In 2007, Swiss varieties 
were cultivated abroad on about 110,000 ha, in 2013 even on about 130,000 ha, more than half of 
them in the USA (Brabant 2008). 20% of the licence income thus comes from abroad (Brabant 2008). 
However, foreign breeding, especially in Austria, has been steadily catching up in the area of quality 
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in recent years (personal communication Michael Winzeler, Agroscope). Today, the newly developed 
varieties achieve a yield increase of +0.24 dt/ha per year.

The breeding objectives of ACW in bread wheat are to increase yield, quality (baking ability), disease 
resistance (yellow and brown rust, powdery mildew, Septoria nodorum and S. tritici, ear fusarioses) as 
well as storage resistance and climate resistance87.

The goals of GZPK are resistance to bunt and brown rust, increased health value (e.g. pigment wheat) 
and improvement of nitrogen efficiency, standability and weed suppression. The resistances are to be 
bred in by means of recurrent selection and simultaneous broadening of the genetic base (Kunz, Beck-
er et al. 2006) 88. Anthocyanins have an anti-oxidative effect and could thus have a positive effect on 
health (Stintzing and Carle 2004).

3.4.1.6 Conclusions / Trends

 Public-private research focuses on yield and sustainability through hybrid wheat and genetic 
improvement. Very innovative projects are being pursued, e.g. 'RNAguard'.

 Private research focuses on hybrid production and genetic engineering (better protection of 
property rights (Kloppenburg2005)).

 Small breeding companies focus on quality, disease resistance and ingredients.
 In Germany and France, projects are underway to introduce state-of-the-art technologies into 

breeding. Hybrid wheat varieties are expected to create a lot of competitive pressure.
 Large projects in areas relevant to Switzerland already exist, such as in France for resistance 

breeding (FSOV, 3 million per year) and for eco-efficiency (nitrogen efficiency or weed sup-
pression, 'FSOV/Ecopyhto', 0.66 million euros per year).

3.4.2 Fodder plant breeding 

3.4.2.1 International environment
In the Common Catalogue of Varieties of Agricultural Plant Species of the European Commission, al-
most 6,000 varieties of 39 species of annual and perennial forage plants have been registered over 
the last 20 years. About 50% of these varieties were registered less than 10 years ago. The most fre-
quent registrations of perennial forage plants were made by Germany, France, Italy and the Nether-
lands. In total, we find 331 public and private breeders or maintainers of these varieties in the EU cata-
logue of varieties. Their number per country is very variable, ranging from less than 10 (Belgium and 
Greece) to 127 (Italy). The most varieties registered in the last 20 years belonged to English ryegrass 
(about 1600), Italian ryegrass (about 600) and red fescue (about 600). The leaders with the most re-
gistered varieties during the last 20 years are DLF-Trifolium (1,600 varieties), Barenbrug Holland and 
Euro Grass Breeding (approx. 540 each) and RAGT (Julier, Fourtier et al. 2014).

3.4.2.2 Breeding methods in forage plant breeding
In forage plant breeding (here grasses and clover), breeding methods are also strongly dependent on 
the size of the company. Large companies such as DLF-Trifolium (Denmark), with a global market 
share of up to 20%, use both conventional and DNA marker-based methods to breed grass and clover 
varieties. Conventional breeding methods include pair crosses and mass crosses (polycrosses) as well 
as selection considering different locations. Single Nucleotide Polymorphism (SNP) and Simple Se-

87 http://www.agroscope.admin.ch/amelioration-des-plantes/00713/index.html?lang=de (accessed 2. 9.2013)
88 http://www.getreidezuechtung.ch/index.php?article_id=3 (accessed 15.10.2013)
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quence Repeats (SSR) markers are used for marker-assisted selection (MAS) (personal communica-
tion Klaus K. Nielsen, DLF-Trifolium). Breeding methods that require genetic modification of the organ-
ism are not used for political and economic reasons. While MAS is only used to a limited extent and in 
the context of project-specific research, the majority of breeding is based on conventional breeding 
methods (personal communication Lukas Wolters, Euro Grass Breeding).

3.4.2.3 Red clover: breeders and varieties
In the field of red clover, Swiss breeding by Agroscope in cooperation with DSP is very well positioned 
in domestic as well as in European forage crop production (Fig. 10). The recommended list of variet-
ies 2013/2014 for Switzerland is dominated by Agroscope/DSP varieties (Agroscope 2013). The re-
commended mat clover comes exclusively from Swiss breeding companies, the field clover mostly 
from foreign breeding companies, such as Freudenberger (DE), Agrogen (CZ), EURO GRASS (DE), 
Carneau (FR), Agri Obtentions (FR), Norddeutsche Pflanzenzucht (NPZ, DE), Centrum výskumu rast-
linnej výroby Piešťany (CVRV, SK) and Saatzucht Steinach (DE).

0 2 4 6 8 10 12 14 16

Aberystwyth University (UK)
Jõgeva Plant Breeding Institute (EE)

Institute of Agriculture (LT)
Agri-Obtentions (FR)

Agrogen (CZ)
LUA agency Research Institute of Agriculture (LV)

Graminor AS (NO)
Oseva UNI, a.s. (CZ)

Statiunea de Cercetare-Dezvoltare Agricola (RO)
Norddeutsche Pflanzenzucht (DE)

Selgen A.S. (CZ)
Lantmännen SW Seed AB (SE)

Malopolska Hodowla Roslin HBP (PL)
Centrum výskumu rastlinnej výroby Pieštany (SK)

DLF - Trifolium (DK)
Agroscope/DSP (CH)

Anzahl der registrierten Sorten (CPVO, seit 2000)

Figure 10: Names of breeding or conservation institutions and number of red clover varieties registered on the CPVO 
(Community Plant Variety Office) list. In addition, there are 31 other institutions with less than 3 registered 
varieties since 2000. 

3.4.2.4 Red clover: research fields and breeding goals
An important breeding objective is to increase yield and quality. High palatability and a high protein 
content are in the foreground here, with disease resistance, e.g. against Fusarium or Sclerotinia (Scler-
otinia trifoliorum), playing an important role. Better water and nutrient efficiency help to use resources 
more efficiently and enable cultivation in drier areas. Overall, the aim is to breed varieties that can be 
grown in many locations and under different stress conditions 89(DLF trifolium).

89 http://www.dlf.com/R_D/Grass_seeds_Forage_Breeding.aspx (accessed 13.11.2013)
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3.4.2.5 Italian ryegrass: breeders and varieties
Breeding companies such as DLF- Trifolium, Euro Grass Breeding, RAGT Seeds, Barenbrug Holland 
and the Belgian Institute for Agricultural and Fisheries Research (ILVO) have registered most of the 
Italian ryegrass varieties on the CPVO list since 2000 (Fig. 11). Nevertheless, only a few of these 
varieties are recommended for Swiss cultivation. As with red clover, meadow fescue and bastard 
ryegrass, the Agroscope/DSP varieties dominate this list (2013/2014) (Agroscope 2013). Only 2 of the 
13 recommended varieties come from breeding by foreign companies such as DLF- Trifolium or pub-
lic institutions such as ILVO.
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Figure 11: Names of breeding or conservation institutions and number of Italian ryegrass varieties registered on the 
CPVO (Community Plant Variety Office) list. In addition, there are 35 other institutions with less than 5 
registered varieties. 

3.4.2.6 Italian ryegrass: research fields and breeding goals
Important breeding goals are to increase yield and quality. A high digestibility as well as the optimisa-
tion of the ingredients, e.g. the increase of the sugar content, are in the foreground here. The yield as 
well as the quality of the forage plants should also be ensured by reducing susceptibility to diseases, 
e.g. bacterial wilt (Xanthomonas translucen pv. Graminis), rust (Puccinia spp.) and snow mould (Mi-
crodochium nivale). In addition, there is an improvement in growth cycles, persistence and frost toler-
ance as well as reduced stem growth.

3.4.3 Soya breeding 

3.4.3.1 International environment
Soy is one of the most important feed crops in the world today and is largely cultivated in the main 
growing region, the USA. Research activities in soybean are very pronounced. In the USA, over 700 
research projects were reported to the United Soybean Board (USB) in 2012/2013 with a volume of 63 
million US dollars, which are financed by the state checkoff boards (which charge 0.5% of the market 
price of the harvested soy as a cultivation fee) (USB 2013). Compared to other crops, a lot of money 
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and time has been invested in the genome sequencing of soybean in a very short time, 90which was 
published by the Joint Genome Institute (JGI) in 2008. In 2012, all 19,798 soybean accessions of the 
United States Department of Agriculture (USDA) gene bank were sequenced with a 50,000 SNP chip 
in order to find markers for the oil content (Cregan, Song et al. 2012) and to use these later in breed-
ing.

In Europe, the Agricultural Institute Osijek in Croatia breeds within the 00 and II maturity groups using 
conventional and marker-assisted methods (Sudarić and Vrataric 2008). More than 100 varieties of the 
0 to III maturity groups were registered by the Institute of Field and Vegetable Crops in Novi Sad (Ser-
bia) (Miladinovic, Burton et al. 2011). INRA established a core collection of 50 genotypes with matur-
ity group 000 to III (Tavaud-Pirra, Sartre et al2009).

3.4.3.2 Breeders and varieties
80% of the cultivated area in Switzerland is planted with Agroscope varieties (actual analysis, 
(FAOSTAT 2012)). The DSP is recording increasing sales in the export of trial seed (internal DSP stat-
istics). In addition to the Agroscope varieties, the following breeders have recommended varieties for 
cultivation in Switzerland: Euralis Saaten GmbH (140 million euros turnover in the seeds sector), RAGT 
(341 million euros turnover in the seeds sector), Saatzucht Donau, Prograin Inc. (active in the human 
nutrition sector with a focus on quality91 and in the GMO sector with a focus on yield). Furthermore, 
soybean breeding exists at various universities such as Hohenheim (DE), Vienna (AT), Hongrie (KRO), 
Minnesota (USA), Guelph and Ottawa (Canada) (personal communication Claude-Alain Bétrix, Agro-
scope).

3.4.3.3 Most important research fields and breeding goals
Within the framework of the funding programmes described in Chapter 1, various funding priorities 
have been set for pulses in general. In addition to soy, for example, the project 'PlantsProFood': food 
ingredients from blue sweet lupin' is funded by the BMBF with 4.2 million euros (UFOP 2012). The 
most important research fields for soy are:

Early maturity and cold tolerance

Within the protein strategy in Germany, a breeding programme at the University of Hohenheim was 
funded for the expansion of soybean cultivation, in which early-maturing, day-neutral, cold-tolerant, 
high-yielding and high-quality soybean varieties are being developed92. These breeding efforts are to 
be supported in future with molecular markers (Hahn 2012).

Resistance breeding

In 2010, a three-year programme (1.2 million euros) was concluded with 12 leading European legume 
breeders. Among other things, DNA marker assays were to be developed to facilitate MAS for resist-
ance genes in legumes93.

90 http://www.nature.com/news/2008/081210/full/news.2008.1294.html (accessed 23.9.2013)
91 http://www.semencesprograin.com (accessed 24.9.2013)
92 https://www.uni-hohenheim.de/projekt/ausweitung-des-sojaanbaus-in-deutschland-durch-zuechterische-anpassung-und-pflanzenbauliche-optimier-

ung (accessed 24.9.2013
93 http://www.pflanzenforschung.de/de/plant-2030/fachinformationen/projektdatenbank/nutzung-genetischer-vielfalt-resistenzgenen-der- important-388 

(accessed 24.9.2013)

http://www.nature.com/news/2008/081210/full/news.2008.1294.html
http://www.semencesprograin.com/
https://www.uni-hohenheim.de/projekt/ausweitung-des-sojaanbaus-in-deutschland-durch-zuechterische-anpassung-und-pflanzenbauliche-optimierung
https://www.uni-hohenheim.de/projekt/ausweitung-des-sojaanbaus-in-deutschland-durch-zuechterische-anpassung-und-pflanzenbauliche-optimierung
http://www.pflanzenforschung.de/de/plant-2030/fachinformationen/projektdatenbank/nutzung-genetischer-vielfalt-resistenzgenen-der-%20wichtig-388
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Nitrogen fixation

At INRA, research94 is being conducted on the reduction of N2O emissions through genetically modi-
fied, nitrogen-fixing bacteria. Nitrogen fixation under drought stress95 and in colder climates are further 
research areas in which the Research Institute of Organic Agriculture (FiBL) is also involved96.

3.4.3.4 Breeding methods in soybean breeding
While genomic selection is widely used in the USA, conventional selection is still predominant in 
Europe and MAS is only used in isolated cases. However, the methods of private companies such 
as Euralis Saaten GmbH and RAGT are not known.

3.4.4 Apple cultivation 

The apple variety Gala has the largest area share in Switzerland with 20.8%, followed by Golden De-
licous (15.9%) (FOAG 2012). Only introduced in 2007, Braeburn is already cultivated on 8.4% of the 
area in 2012 (Bravin, Leumann et al. 2008, BLW2012).

3.4.4.1 Relevant breeders for Switzerland
Agroscope apple varieties (Maigold, Milwa (Diwa®), La Flamboyante (Mairac®), Galmac and the new 
CH101-Galiwa®) are grown on 9% (371 ha) of the total apple acreage in Switzerland (BLW 2012). 
Agroscope participates in the international project 'FruitBreedomics'97, which uses modern methods 
such as MAS or genome-wide association mapping to expand the genetic base and increase the mark-
er density in genome mapping. At the same time, the gap between research and application is to be 
closed. Furthermore, Agroscope collaborates with various partners, e.g. the Julius Kühn Institute (JKI) 
for the evaluation of shoot susceptibility, the private initiative 'Fruture' with regard to genetic resources 
and VariCom98 , which is responsible for variety testing and marketing (Kellerhals, Baumgartner et al. 
2012). The JKI is working on the pyramidisation of resistance genes using MAS99 . A new partnership 
was recently entered into with the South Tyrolean Experimental Centre Laimburg. Among other things, 
the exchange of breeding varieties and the joint development of modern breeding methods and mo-
lecular markers are to be promoted here100.

Important breeders for apple varieties grown in Switzerland

 Plant & Food Research: the governmental research institute from New Zealand hosts the 
apple and pear breeding joint venture company Prevar™ , 101which is the main competitor for 
apple breeding at Agroscope (personal communication Markus Kellerhals, Agroscope). The 
apple breeding programme has about 3 million US dollars per year available 102. With 1.8% 

94 http://www.inra.fr/en/Partners-and-Agribusiness/Results-Innovations-Transfer/All-the-news/Legume-inoculants-soil-nitrous-oxide (access
95 http://www.bioforschung.at/Stickstofffixierung-von-Soja.240.0.html?&L=0&no_cache=1&sword_list[0]=soja (accessed 25.9.2013)
96 http://www.sojainfo.de/849.html (accessed 25.9.2013)
97 http://www.fruitbreedomics.com/index.php/the-project 
98 http://www.varicom.ch/cms/index.php?kat=29 (accessed 13.10.2013) 
99 http://www.jki.bund.de/no_cache/de/startseite/institute/zuechtung-gartenbau-obst/arbeitsgruppen/apfelzuechtung.html (accessed 15.10.2013)
100 http://www.agroscope.admin.ch/aktuell/00198/05306/index.html (accessed 15.10.2013)
101 http://www.plantandfood.co.nz/growingfutures/horticulture/how-we-deliver/pipfruit (accessed 15.10.2013)
102 http://www.prevar.co.nz/prevar-news/press-releases/the-pipfruit-breeding-equation/ (accessed 15.10.2013)

http://www.inra.fr/en/Partners-and-Agribusiness/Results-Innovations-Transfer/All-the-news/Legume-inoculants-soil-nitrous-oxide
http://www.bioforschung.at/Stickstofffixierung-von-Soja.240.0.html?&L=0&no_cache=1&sword_list[0]=soja
http://www.fruitbreedomics.com/index.php/the-project
http://www.plantandfood.co.nz/growingfutures/horticulture/how-we-deliver/pipfruit
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(7.4 ha) of the total apple acreage, the developed club variety Jazz103 has about the same 
market share as the Agroscope club variety 'La Flamboyante' (Mairac®). It is followed closely 
by the Australian Cripps Pink (Pink Lady®), which was developed in 1973104 (BLW 2012).

 Lubera: For fruit and berries, the company says it runs the broadest private breeding pro-
gramme in Europe105.

3.4.4.2 Methods and breeding objectives
Prevar™ developed markers for red flesh and resistance to scab, powdery mildew (Blumeria graminis) 
and aphids. A method for early flowering under optimal conditions is used106. Increasing quality, yield 
and resistance107 as well as the breeding of certain ingredients and allergenic substances are increas-
ingly breeding goals at Agroscope (personal communication Markus Kellerhals, Agroscope). In Agro-
scope's research, MAS is used for improving fire blight resistance, early flowering through optimal en-
vironmental conditions and the genetic engineering method of early flowering (Kellerhals, Baumgart-
ner et al. 2012). A first fire blight-resistant and scab-resistant apple variety was successfully bred within 
the framework of the project 'ZUEFOS' (Züchtung feuerbrandrobuster Obstsorten) (Leumann, 
Baumgartner et al. 2013).

3.4.5 Vegetable breeding 

In vegetable breeding, a strong concentration process with a focus on a few species can be observed. 
Worldwide, for example, there are only a few breeders for sweet corn (Nickerson, Sativa Rheinau), 
kohlrabi and carrots (personal communication Amadeus Zschunke, Sativa Rheinau). In our neighbour-
ing countries there is little public breeding in the field of vegetables, although the activities of the Uni-
versity of Hohenheim 108, the State School for Horticulture and Agriculture in Hohenheim109 , and the 
University of Göttingen (biological breeding)110 should be mentioned. Other universities111112 as well as 
the Department of System Modelling Vegetable Crops at the University of Hanover113 are working on 
isolated, small projects in the field of vegetable breeding.

3.4.5.1 Relevant breeders, breeding objectives and methods
The biggest private competitors for Swiss varieties (Sativa Rheinau, Zollinger Samen and ProSpe-
ciaRara) come from the Netherlands. In addition, large multinational companies such as Monsanto and 

103 http://www.plantandfood.co.nz/page/our-research/breeding-genomics/key-crops/pipfruit (accessed 15.10.2013)
104 http://www.pinklady.ch/Erfolgsstory.aspx (accessed 15.10.2013)
105 http://www.lubera.com/ch/shop/zuechtung.html (accessed 14.10.2013)
106 http://www.plantandfood.co.nz/page/our-research/breeding-genomics/key-crops/pipfruit (accessed 15.10.2013)
107 http://www.news.admin.ch/message/index.html?lang=de&msg-id=50316 (accessed 14.10.2013)
108 https://www.uni-hohenheim.de/index.php;jsessionid=EBE714C1EB38033AD62F499D4C556757?id=1597&state=wsearchv&search=13&einrich-

tung.eid=17#lsftabs-4 (Zugriff am 19.9.2013)
109 http://www.staatsschule.uni-hohenheim.de/ (accessed 19.9.2013)
110 http://www.uni-goettingen.de/en/48392.html (accessed 19.9.2013)
111 http://www.pflanzenforschung.de/de/plant-2030/fachinformationen/projektdatenbank/poptimierung-von-inulinertrag-und- polymerisation-degree-c-326 

(accessed 19.9.2013)
112 http://www.pflanzenforschung.de/de/plant-2030/fachinformationen/projektdatenbank?suchtext=&p2030=1&bios=1&aktuelle=1&ab-

gelaufene=1&pflanze=5127&programm=leer&anzahlpflanzen=1&summevon=0&summebis=0&pfilter=1 (accessed 19.9.2013)
113 http://www.gem.uni-hannover.de/wir_ueber_uns.html (accessed 19.9.2013)

http://www.plantandfood.co.nz/page/our-research/breeding-genomics/key-crops/pipfruit
http://www.lubera.com/ch/shop/zuechtung.html
http://www.plantandfood.co.nz/page/our-research/breeding-genomics/key-crops/pipfruit
http://www.news.admin.ch/message/index.html?lang=de&msg-id=50316
http://www.uni-goettingen.de/en/48392.html
http://www.pflanzenforschung.de/de/plant-2030/fachinformationen/projektdatenbank/poptimierung-von-inulinertrag-und-%20polymerisationsgrad-c-326
http://www.pflanzenforschung.de/de/plant-2030/fachinformationen/projektdatenbank?suchtext=&p2030=1&bios=1&aktuelle=1&abgelaufene=1&pflanze=5127&programm=leer&anzahlpflanzen=1&summevon=0&summebis=0&pfilter=1
http://www.pflanzenforschung.de/de/plant-2030/fachinformationen/projektdatenbank?suchtext=&p2030=1&bios=1&aktuelle=1&abgelaufene=1&pflanze=5127&programm=leer&anzahlpflanzen=1&summevon=0&summebis=0&pfilter=1
http://www.gem.uni-hannover.de/wir_ueber_uns.html
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Syngenta as well as Nickerson Zwaan (Limagrain Group) are114 in business. In general, high techno-
logical standards are already part of everyday life at these companies. For example, the identification 
of resistance genes and resistance breeding using markers is standard practice. Tissue cultures for 
hybrid breeding are used, for example, by the companies Rijk Zwaan and Bejo Zaden. While some 
smaller companies attach great importance to taste in addition to quality (personal communication 
Amadeus Zschunke, Sativa Rheinau), others only require that the taste is not atypical. Important breed-
ers for the Swiss market are:

 Bejo Zaden: focuses on resistance breeding, tissue culture, cell biology, DNA marker techno-
logy and health-promoting ingredients. In total, 70 projects alone deal with breeding work in 
the field of resistance breeding. In addition to conventional varieties, the company also offers 
an organic range115.

 Enza Zaden: also breeds varieties for organic cultivation in collaboration with Vitalis116. In the 
biotechnological direction, there are collaborations with the companies KeyGene and West-
cape Biotech Pty. to practice innovative breeding with the most advanced methods. The de-
velopment of varieties for hydroponic cultivation is new (Enza2013).

 Rijk Zwaan: has a stake in KeyGene and uses double haploids, MAS and other modern tech-
nologies to determine ingredients. The company also offers organic varieties117.

 Sativa Rheinau: uses MAS in resistance breeding. External companies carry out the genetic 
analysis. Projects on the use of MAS in vegetable breeding are carried out in cooperation with 
the University of Göttingen and FiBL. In the area of tomato breeding, there are collaborations 
with Italian partners and in the area of sweet corn with US partners. There is further coopera-
tion at international level, particularly in the development of methods and the exchange of ge-
netic resources (personal communication from Amadeus Zschunke, Sativa Rheinau).

3.4.6 Potato breeding 

The most important varieties in Switzerland show the following acreage share: Agria 22% (breeder: 
Böhm KG, Germany 1988), Charlotte 14% (breeder: Germicopa SA, France), Victoria 7% (breeder: 
ZPC, Holland) and Innovator 6% (breeder: HZPC, Holland) (Agroscope 2013) 118.

3.4.6.1 Relevant breeders, methods and breeding objectives
Switzerland has neither public nor private potato breeding programmes. Thus, all varieties recommen-
ded and grown in Switzerland originate from other European countries (Agroscope 2013). Potato 
breeding for the Swiss climate is mainly practised by medium-sized companies in France, Germany 
and Holland. In terms of technologies, many breeders rely on conventional selection of clonal variet-
ies from a large number of crosses, but marker-assisted selection is increasing (e.g. HZPC, Europlant). 
Specific to potatoes is in-vitro propagation, which is used, for example, by Europlant for rapid vegetat-
ive propagation of varieties. Important breeders for Switzerland are.

114 http://www.nickerson-zwaan.com/site/home-germany-de (accessed 20.9.2013)
115 http://www.bejo.ch/ (accessed 19.9.2013)
116 http://www.biovitalis.eu/ (accessed 19.9.2013)
117 http://www.rijkzwaan.de/wps/wcm/connect/RZ+EN/Rijk+Zwaan/Company/Activities/Research (accessed 20.9.2013)
118 http://www.kartoffel.ch/index.php?id=76 (accessed 20.9.2013)

http://www.bejo.ch/
http://www.biovitalis.eu/
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 Germicopa: runs a research station in Châteauneuf-du-Faou (Brittany, France). Approx-
imately 1,500 hybrids are created and 70,000 seeds are sown each year. 900 elite clones 
and varieties are maintained in its own gene bank 119.

 HZPC: was formed in 1999 from the companies Hettema and De ZPC. The HZPC tests 
the cultivation of different potato varieties in different climatic zones. The aim is to identify 
specific characteristics more quickly by using MAS120. The company employs about 200 
people and has a turnover of about 225 million euros per year121.

 Europlant: is a merger of Böhm KG with Nordkartoffel Zuchtgesellschaft GmbH and has 
three breeding stations in Germany that evaluate over 100 crosses per year. Technolo-
gies such as in-vitro plant propagation (up to 450,000 per year by BIOPLANT) and MAS 
are used. Varieties for organic cultivation are also developed122. Europlant employs 105 
people and had a turnover of about 131 million euros in 2011 123Two new varieties are 
also recommended for cultivation in Switzerland (Agroscope 2013).

3.4.7 Medicinal plant breeding 

In Switzerland, medicinal and aromatic plants are currently cultivated on approx. 120 ha (actual analys-
is).

3.4.7.1 Relevant breeders, methods and breeding objectives
Important goals of breeding are high contents and qualities of active plant ingredients (drugs) as well 
as the improvement of agronomic properties. Furthermore, the aim is to accelerate the breeding pro-
cess and to preserve genetic resources as much as possible (Carlen 2013). In the field of medicinal 
and medicinal plants, research and breeding is carried out internationally using the most modern tech-
nologies. Currently, sequenced transcriptomes of 10 medicinal plants are available, resulting in nu-
merous identifications of molecular markers (Hao, Chen et al. 2012). In the area of plant breeding of 
the KAMEL (Chamomile, Valerian and Lemon Balm) programme, projects include the production of 
double-haploid melissa, triploid chamomile and increasing drug quality in valerian. The main breeders 
are:

 Agroscope: There is currently little competition for the medicinal plants bred by Agroscope at 
home and abroad. Plant material is exchanged with foreign breeders and there are collabora-
tions with various universities (personal communication José Vouillamoz, Agroscope). 
Through selection from high genetic variability, progress is made in a short time. By breeding 
and cultivating these plants, the pressure on wild plants can be reduced (Carlen2013).

 Breeding Botanicals International: The company Breeding Botanicals International maintains 
the breeding of a large number of medicinal and aromatic plants. For example, Vitex agnus 
castus (monk's pepper) or Coleus forskohlii (common nettle)124.

 CAMEL in Germany: In Germany, the breeding and cultivation technology optimisation of 
camomile, valerian and lemon balm (CAMEL) is funded with 1.5 million euros annually by the 
BMELV via the Agency of Renewable Resources (Fachagentur Nachwachsende Rohstoffe 

119 http://www.germicopa.fr/search,our-methods.htm (accessed 20.9.2013)
120 http://www.hzpc.com/r-d/research---development?steID=7&catID=819&page=1 (accessed 20.9.2013)
121 http://de.wikipedia.org/wiki/HZPC_Holland (accessed 20.9.2013)
122 http://europlant.biz/kompetenz/ (accessed 20.9.2013)
123 http://wer-zu-wem.de/firma/europlant.html (accessed 20.9.2013)
124 http://www.bb-international.ch/our-plant-materials.html (accessed 11.12.2013)
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e.V.). (FNR). The 125aim is to increase the area under cultivation from 13,000 to 20,000 ha by 
2020.

3.4.8 Oilseed breeding 

Although no oilseed rape varieties are bred in Switzerland, it is an important crop. The recommended 
list of varieties shows that particular importance is attached to hybrid varieties (Swissgranum 2012, 
Agroscope 2013). In Switzerland and also in other European countries, the use of hybrids is now 
between 55% (Slovakia) and 95% (Bulgaria) (Frauen 2013). The very good cultivation properties and 
the high profits generated from the harvest and high oilseed prices lead to a very rapid recovery of the 
invested breeding costs, which are continuously used for further breeding (personal communication 
Lukas Aebi, FENACO). Compared to other countries in Europe, the area-wide cultivation of HOLL vari-
eties of over 30% in Switzerland is already very advanced. Line varieties are still included in the list of 
recommended varieties, but account for less than 5% of the total area under cultivation in Switzerland. 
Only a few oilseed rape varieties are currently registered for variety testing in Switzerland (personal 
communication Jürg Hiltbrunner, Agroscope).

3.4.8.1 Relevant breeders for Switzerland
The oilseed rape varieties registered in the CPVO database after the year 2000 show that, apart from 
the two large US corporations Pioneer (approx. 14% share of all registered varieties) and Monsanto 
(approx. 10%), mainly German, e.g. Deutsche Saatveredelung AG (approx. 12%), and French oilseed 
rape breeders, e.g. SARL Adrien Momont et Fils (approx. 10%), registered the majority of the approx. 
700 oilseed rape varieties (Fig. 12). Listed varieties with a share of approx. 1% and less also originate 
from Austria, the Czech Republic, Denmark, Holland, Spain and Great Britain.

125 http://veranstaltungen.fnr.de/arzneipflanzen2013/ (accessed 4.11.2013)
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Figure 12: Names of breeding or conservation institutions and the number of oilseed rape varieties registered on the 
CPVO (Community Plant Variety Office) list. In addition, there are 19 other institutions with less than ten 
registered varieties since 2000. 

Another important oilseed, sunflower, is cultivated in Switzerland exclusively by means of organic 
breeding methods by the GZPK (actual analysis). The varieties recommended and thus also cultivated 
in Switzerland in the last three years all originate from breeding by the companies Syngenta, Limagrain, 
Euralis and Pioneer (Agroscope 2013).

3.4.9 Energy crop breeding 

In the context of reducing CO2 emissions, many countries are focusing on the use of bioenergy. The EU, for 
example, has the goal of raising the share of biofuels for transport to 10% by 2020. Through the vari-
ous support programmes, the cultivation of crops for energy production and thus also their special 
breeding are becoming interesting. Important examples in the European context are oilseeds for biod-
iesel production (e.g. rapeseed) and various crops for biogas production (especially silage maize, now 
also sugar beet). Bioethanol produced from grain maize and sugar cane is mainly imported. In addi-
tion, there are second-generation energy crops for which bioethanol can be produced directly from the 
total biomass (not just starch) and which therefore have a better ecological balance.

3.4.9.1 Funding from the European Commission
Important funds for such projects were made available through the European Commission's 'Seventh 
Framework Programme' (FP7). Important projects were:

 Renewall' (2008-2012; 5.7 million euros): a project focusing on breeding improvements in en-
ergy efficiency or biomass, which are the basis of energy production. The focus was on optim-
ising the cell walls of Brachypodium and tall fescue for the production of 2nd generation bio-
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fuels (bioethanol)126.

 SWEETFUEL' (2009-2013; 2.9 Mio. Euro) is a project that investigates127 the potential of 
sweet sorghum, an alternative energy crop for bioethanol production, especially in temperate, 
semi-arid and sub-tropical regions.

3.4.9.2 Funding in Germany

In order to make greater use of the potential of bioenergy from plants, the BMBF funding measure 'BioEn-
ergy 2021' (27 projects; 50 million euros) aims to further develop and expand bioenergy use in the vari-
ous value chains. Projects with breeding approaches are also intended to help understand basic prin-
ciples and further optimise bioenergy from plants. Other measures at the German federal level are the 
KMU-innovativ128 , as well as the national funding initiatives 'Plant Biotechnology of the Future' and 
'PLANT-KBBE' 129.

3.4.10 Organic breeding 

3.4.10.1 Organic breeding strategy
The positive development of organic fallow at global, European and also national level strengthens or-
ganic farming with its focus on sustainable, environmentally friendly and GMO-free production accord-
ing to defined guidelines (EU, (EU 2007); CH (Confederation), (Federal Council 1997); CH (Bio 
Suisse), (BioSuisse 2013)). The implementation of organic breeding and the certification of the result-
ing products are seen as an important strategy for maintaining access to GM-free and adapted seeds. 
These organic varieties, bred (published and marketed) according to specific guidelines, not only serve 
a growing niche market (FOAG 2012), but also lead to the differentiation of companies and breeding 
programmes via their own independent seed market (FiBL 2011, Messmer, Hildermann et al. 2011).

For the future, more breeding should be done for more complex cropping systems (e.g. using the po-
tential of mixed crops) and for entire production systems (e.g. taking crop rotation into account) under 
practical conditions. Root morphology and rhizosphere interactions should be more strongly included. 
Participatory breeding approaches (involving producers) could also help to increase progress (person-
al communication Monika Messmer, FiBL).

3.4.10.2 Breeding goals
One of the most important breeding objectives for the development of organic varieties lies in the con-
sideration of natural resources, i.e. plant, genetic and soil resources (soil fertility) as well as growing 
conditions. Important traits such as resistance to seed-borne diseases, nutrient efficiency or natural 
weed suppression capacity have to be taken into account to achieve stable yields of high quality (Lam-
mertsvan Bueren and Myers 2012, Messmer, Wilbois et al. 2012). Maintaining the integrity of the 
plants, maintaining or increasing genetic diversity, taking into account natural species barriers and in-
tegrating the plant into the habitat and local climate are other important components of organic plant 
breeding (Vogt-Kaute 2002, FiBL 2011, Messmer, Hildermann et al. 2011). Other approaches from or-

126 http://www.renewall.eu/ (accessed 15.9.2013)
127 http://www.sweetfuel-project.eu/ (accessed 15.9.2013)
128 http://www.bmbf.de/de/20635.php (accessed 15.9.2013)
129 http://www.research-in-germany.de/dachportal/en/Research-Areas-A-Z/Biotechnology/Programmes-and-Initiatives/GABI-FUTURE-and- PLANT-

KBBE.html (accessed 15.9.2013)
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ganic breeding include breeding for biodiversity, breeding GMO-free legumes within the protein crop 
strategy (BMELV 2012) or breeding for mixed crop suitability (Lithourgidis, Dordas et al. 2011).

3.4.10.3 Funding approaches for organic plant breeding
At European and national level, organic plant breeding is promoted indirectly through research fund-
ing (EU or federal programmes) or directly through cooperation. The European Commission funds in-
ternational projects that focus on aspects of organic breeding and sustainable agriculture through the 
Seventh Framework Programme, among others. One of the most important EU projects with a focus 
on organic breeding is the project 'Strategies for Organic and Low-input Integrated Breeding and Man-
agement' (SOLIBAM; 7.7 million euros, of which 5.9 million euros are provided by the EU)130. 130 Further-

more, projects are directly funded within the framework of CORE Organic II ERA NET PLUS' (European 
Research Area Network), a transnational European research cooperation of 26 partners and 21 EU 
countries. This includes, for example, the project 'Coordinating organic plant breeding activities for di-
versity' (COBRA)131. Swiss research institutions are involved in both of these projects (SOLIBAM, Agro-
scope ART; COBRA, FiBL). In most cases, however, organic breeding is supported both in Switzer-
land and in other European countries through foundations, e.g. the Foundation Ecology & Agriculture 
(SÖL) , 132or the seed fund of the alternative GLS Bank .

Besides research projects, organic plant breeding is also repeatedly the focus of international con-
gresses of large organisations (EUCARPIA (Goldringer, Dawson et al. 2010), ASA- CSSA-SSSA Or-
ganic Symposium 2003 (Lammerts van Bueren and Myers 2012), 7th Organic Seed Growers Confer-
ence (USA)), research institutions and universities. Another organisation that supports organic plant 
breeding and contributes to the regulation of the EU seed market is the 'ECO-PB' (European Consor-
tium for Organic Plant Breeding)133.

Government investments in the field of biological plant breeding are also made through the establish-
ment of corresponding chairs (NL; Prof. Edith Lammerts van Büren, Wageningen University, DE; Prof. 
Gunter Backes, Kassel University or PD. Bernd Horneburger, University of Göttingen).

3.4.10.4 Abroad
In the USA, organic breeding programmes can be funded by a wide range of stakeholders (e.g. USDA, 
farmers, organic food companies, private foundations or seed companies). Since 1996, the USDA has 
offered a programme to fund organic research, the 'Organic Agriculture Research and Extension Initi-
ative-OREI' (Alliance 2013, Luby, Lyon et al. 2013). 

In addition to funding from EU funds (e.g. through the 'ECO-PB'), the Federal Republic of Germany 
finances organic plant breeding through the BÖLN134 (budget: 16 million euros annually). This also 
supports projects on organic breeding.

3.4.10.5 Switzerland
In Switzerland, organic variety breeding is not subsidised by the state in comparison to conventional 
breeding programmes. However, the areas under cultivation, including those in other European coun-

130 http://www.solibam.eu/modules/addresses/viewcat.php?cid=1 (accessed 5.12.2013)
131 http://www.organicresearchcentre.com/?go=Research%20and%20development&page=Plant%20breeding&i=projects.php&p_id=42 (accessed 

5.12.2013)
132 http://www.soel.de/ueber_die_soel/foerderung/index.html#fg (accessed 5.12.2013)
133 http://www.ecopb.org/ (accessed 5.12.2013)
134 http://www.bundesprogramm.de/das-programm/ (accessed 5.12.2013)

http://www.organicresearchcentre.com/?go=Research%20and%20development&page=Plant%20breeding&i=projects.php&p_id=42
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tries, are not large enough to finance organic plant breeding and seed production autonomously. Fin-
ancial resources come mainly from foundations, e.g. the Coop Sustainability Fund 135or the Software 
AG Foundation136, and from private donations. Above all, the Bioverita association137, supported by 
e.g. Bio Suisse, Demeter CH, FiBL, Coop, GZKP and Sativa Rheinau, advocates the marketing of or-
ganic seeds via a quality label for organic breeding in Switzerland. Organic breeding programmes are 
very small compared to conventional programmes. The full costs are between <10,000 and 1 million 
CHF per breeding programme (actual analysis; personal communication Markus Johann, Bioverita).

135 http://www.coop.ch/pb/site/nachhaltigkeit/node/64228509/Lde/index.html (accessed 5.12.2013)
136 http://www.software-ag-stiftung.com/de/projekte/naturhilfe/biologischer-landbau.html (accessed 5.12.2013)
137 http://www.bioverita.ch/ (accessed 5.12.2013)

http://www.bioverita.ch/
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3.5 Breeding methods 
In order to make the process of plant breeding (Fig. 6) more efficient and thus achieve greater annual 
breeding progress, various biotechnological tools are now available to the breeder. Figure 13 gives a 
summary overview of the most important tools and where they can be used.

Figure 13: Breeding tools and their influence on the breeding process (Own representation) 

Breeding categories: Crop species can be very different in their natural genetic form, mainly distin-
guishing between self-pollinators (genetically pure through natural inbreeding, e.g. wheat) and cross-
pollinators (not pure, e.g. rye, maize). The breeder now has the choice of breeding the crop in its nat-
ural form (e.g. population varieties in maize, line varieties in wheat) or changing the breeding category. 
The most important example here is hybrid breeding, which is illustrated by the example of maize (nat-
urally a population variety): from two divergent pools, pure parent lines are produced by artificial in-
breeding, whose direct descendants (the hybrids) show improved performance due to the phenomenon 
of heterosis. Hybrid systems are also possible in self-pollinated crops such as wheat. Here, however, 
the problem arises in the creation of the hybrids, since cross-pollination must now be forced from one 
parent line by the other. However, different approaches are being tested in many crops and further hy-
brid systems in other crops can be expected in the future.

Double haploids: In hybrid and line breeding, cross progeny must be made pure again by artificial in-
breeding. DH technology makes it possible to produce 100% pure offspring in one step by natural (e.g. 
in maize) or laboratory methods (barley, wheat), thus saving 6-7 years for inbreeding.

Marker Assisted Selection (MAS): In relatively elaborate studies (QTL mapping, association map-
ping), the association between individual genetic markers and (qualitative) plant traits can be estab-
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lished. These markers can then be used to select crossing partners or to select progeny from a cross 
more efficiently.

Genome Wide Prediction (GWP): Based on a similar principle to MAS. However, individual markers 
are not used here, but the totality of genetic information is used to predict the (quantitative) traits by 
means of multivariate methods.

Wide crosses, fusion bastards: Various techniques can be used to create increased genetic vari-
ability. Genes are thus recombined between plants that would no longer naturally cross (e.g. expan-
ded gene pool or different species).

Mutation induction: It is also used to create new variability through artificially (chemically, physically) 
produced changes in the genome (e.g. semi-leafless pea). TILLING (Targeting Induced Local Lesions 
In Genomes) can thus be used to identify targeted mutations for genes of breeding value.

Genetically modified organisms (GMOs, GMO): The possibilities offered by GMO technologies are 
very great and can complement classical plant breeding in many ways. Possibilities include, for ex-
ample, the targeted introduction of genes with specific characteristics for quality and agronomic prop-
erties. However, due to the controversial discussion, these technologies do not yet play a significant 
role in European plant production.

The use of individual technologies can be very costly, which is why their implementation is difficult, es-
pecially in smaller companies, and their use depends on the size of the company. On the other hand, 
the use also depends on the type of culture, as the implementation is sometimes more difficult or less 
basic research is carried out for certain types of culture. In order to gain an overview, a panel of ex-
perts was surveyed on the use of technology in individual crop types (Tab. 2).
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Table 2: Results of the survey of an expert panel on the use of modern breeding technologies in plant breeding 
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egorya  Use of breeding techniques
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Wheat 0.0 2.0 5.0 2.5 0.0 1.8 4.8 0.0 1.5 0.0 5.3 0.0
Barley 0.0 2.0 3.0 2.0 0.0 2.0 6.0 0.0 2.0 0.0 0.0 6.0
Rye 0.0 2.0 2.3 0.3 0.3 1.7 5.0 0.0 0.3 0.0 0.0 6.0
Maize 0.0 1.0 2.0 2.7 5.0 2.3 3.3 0.0 2.0 0.0 4.0 6.0

Soy 0.0 2.0 5.5 5.5 5.0 2.0 4.0 0.0 4.0 0.0 3.5 6.0
Chickpeas 0.0 2.0 0.0 1.0 0.0 5.0 5.0 0.0 5.0 0.0 0.0 0.0

Rapeseed 0.0 2.0 2.5 2.5 0.0 2.0 3.5 0.0 3.0 3.0 3.0 6.0
Sunflower 0.0 0.0 2.0 6.0 0.0 2.0 4.0 0.0 1.0 1.0 5.0 0.0

Potato 2.0 0.0 0.0 0.0 0.0 2.5 6.0 3.0 3.0 2.0 2.5 0.0
Sugar beet 0.0 0.5 2.0 5.0 5.0 2.0 4.5 3.0 6.0 0.0 5.0 6.0

Apple 2.0 0.0 0.0 0.0 2.0 3.0 6.0 0.0 3.0 0.0 4.0 0.0

Red clover 0.0 2.0 1.0 0.0 0.0 3.0 5.0 2.0 5.0 0.0 0.0 0.0
White clover 0.0 2.0 1.0 0.0 0.0 3.0 5.0 2.0 5.0 0.0 0.0 0.0
Ryegrass 0.0 2.0 5.0  0.0 0.0 3.0 4.0 2.0 4.0 0.0 6.0 6.0

a Grades of the rating: 

0 Does not matter
1 No longer/rarely in use
2 Standard for small and large companies
3 Standard at large companies, slowly being implemented by small companies
4 Only with large companies
5 To be expected in the short to medium term at large companies
6 Only to be expected in the long term
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3.6 Completed programmes - Experience 
In France, the 'GENOPLANTE' programme existed from 1999 to 2005 and from 2005 to 2010. The ob-
jectives were product safety and quality, minimisation of environmental impacts mainly through input 
reduction and adaptation to climate change138. Four bioinformatics methods have emerged from this, 
and further results are to follow139.

The 'GABI' programme consisted of the funding phase 'GABI 1' (approx. 40 million euros for 5 years), 
funding phase 'GABI 2' (22.4 million euros for 3 years) and funding phase 'GABI FUTURE' (60 million 
euros for 3 years). The investments as well as the partners from industry and public institutions have in-
creased continuously (BioÖkonomieRat 2012). Alliances were described as successful that:

 A clearly defined, scientific topic that required the expertise of all partners involved.
 had a consortium size of three to five partners (and organised larger consortia into substruc-

tures).
 Efficient project coordination and intensive communication based on trust.

The 'GABI' projects in Germany have resulted in hundreds of publications140 and a few patent applic-
ations (fewer than expected) (BioÖkonomieRat 2012). Furthermore, the programme has proven to be 
a networking tool that represents an important overarching function for steering and coordinating cross-
cutting research projects and is to be further expanded (BioÖkonomieRat 2012, Alliance 2013). Direct 
technology transfer (e.g. development of molecular markers) was facilitated and synergies created. 
Two databases ('GABI PD', 'GABI KAT') with international relevance and two freely accessible bioin-
formatics tools (MAPMAN and ARAMEMNON) were developed. In addition, junior research groups 
were specifically promoted and the website (pflanzenforschung.de) was created as part of the public 
relations work (BioÖkonomieRat 2012).

3.6.1 Case study of wheat breeding in England 

In 1964, the Plant Breeding Institute (PBI) was founded in England. Its dwarf varieties had a share in 
the green revolution and reached 80% market share in England. The private competition consisted of a 
few small breeders. In 1987, the PBI's government breeding programme was sold to Unilever141. State 
breeding responsibilities were divided between two universities and two research institutes. These are 
funded by the departments 'Biotechnology and Biological Sciences Research Council' (BBSRC) and 
'Department for Environment, Food, and Rural Affairs' (DEFRA). Since 2003, DEFRA has promoted ex-
change between scientists and private breeders. The BBSRC launches public-private funding (CIRC, 
£7 million) and programmes (LOLA/WISP) that bring innovation in plant breeding (£14 million annually, 
'Wheat Initiative 2012') 142. However, a longer-term constant strategy is lacking. A survey of sixteen 
people involved in wheat research or breeding in the private and public sectors found that the neces-
sary unplanned restructuring after privatisation has lost English wheat breeding 10-15 years (Galushko 
and Gray 2012). For example, the BBSRC's WISP pre-breeding programme is the first of its kind in 20 
years143.

138 http://www.genoplante.com/content.php?idcontent=objectifs&lg=en (accessed 15.9.2013)
139 http://www.genoplante.com/content.php?idcontent=outils&lg=en (accessed 15.9.2013)
140 http://www.gabipd.org/information/about.shtml (accessed 12.10.2013)
141 http://www.jic.ac.uk/corporate/about/history.htm (accessed 11.10.2013)
142 http://www.wheatisp.org/Consortium/WISP.php (accessed 11.9.2013)
143 http://www.wheatisp.org/Consortium/WISP.php (accessed 11.9.2013)

http://www.gabipd.org/information/about.shtml
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Galushko and Gray (2012) identified seven conclusions to be drawn from the case of England:

1. Secured funding for research: England has the possibility of direct contracts between breed-
ers and growers or their associations.

2. Support small breeding companies through public research.
3. Implement mechanisms to bring public research into breeding.
4. The five-year programmes make a long-term breeding strategy difficult.
5. Knowledge platforms are indispensable for decentralised research.
6. Efficient design of variety testing and recommendation necessary.
7. Ensure training of plant breeders and crop science.

In 2009, the Royal Society proposed the following measures, among others (The Royal Society 2009):

 2 bn. Pounds over 10 years for global food security. In general, research calls should be 
made regularly and at small intervals.

 Revise patent protection so as not to jeopardise public research, agricultural innovation or 
poverty reduction efforts.

 Public-private partnerships to bring basic research into practice.
 Support public plant breeding by characterising genetic resources and training the next gen-

eration of plant breeders. The crops are prioritised in descending order: wheat, barley, oilseed 
rape, potato, brassica vegetables and other horticultural crops.

 Research should, on the one hand, look at the whole ecosystem, and on the other hand, carry 
out long-term experiments to improve the photosystem or nitrogen fixation. Universities should 
stop declining funding in disciplines in the field of sustainable intensification.

3.7 Conclusions 
Public funding of plant breeding is stagnating, while investment in private breeding is increasing. This 
harbours the danger that only those crops will be bred that bring the necessary return on investment 
on the market, and thus the spectrum of bred crops will be reduced. The state can intervene directly 
here by financing breeding programmes for crops that cannot be cultivated profitably. Government in-
vestment in the breeding of niche crops can yield good returns (Maredia, Bernsten et al. 2010). 
However, it is essential to run such programmes in the longer term to ensure continuity.

Indirectly, breeding can be supported through funding and research programmes. Large research ini-
tiatives on plant breeding, such as in Germany ('PLANT 2030' and 'Wheat Initiative' of over 6.7 million 
euros per year for wheat) or France ('BREEDWHEAT': 34 million euros over 9 years, 'FSOV/Ecopy-
hto' wheat projects: 9 million for resistance breeding and approx. 2 million euros for eco-efficiency over 
3 years), are good examples. Often, such large programmes aim to develop innovative and cost-in-
tensive technologies for plant breeding. The main beneficiaries of these programmes are medium to 
small breeding companies, which thus gain access to these technologies. The use of cutting-edge 
technologies and molecular methods in plant breeding has increased greatly, and it is expected that 
technology development will play a key role in the future development of plant breeding.

Today, breeding goals, insofar as they are mentioned in funding and research programmes, often go 
in the direction of eco-efficiency with the aim of sustainably intensifying agricultural production (The 
Royal Society 2009, Nature 2010, Noleppa and von Witzke 2013).
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In general, the benefits to society from the use of economic resources in plant breeding are large and 
are calculated at a rate of return of 20-40%. If not only market effects are considered, but also the 
positive influence on the climate through increased plant production, then even 40-80% is achieved 
(Bank 2008, Noleppa and von Witzke 2013). Noleppa and von Witzke emphasise that plant breeding 
is underfunded and that the dismantling of public agricultural research must be reversed (Noleppa and 
von Witzke 2013).
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4 Eco-efficiency 
The years following the 'Green Revolution' have shown that sustainable use of existing resources is 
important for efficient agriculture in the future. Efficient use of resources (water, nutrients, land) is there-
fore essential to increase the food supply by at least 60% in 40 years and thus to feed 9 billion people 
(FAO 2009, Tilman, Balzer et al. 2011). (FAO 2009, Tilman, Balzer et al. 2011). Eco-efficiency stems 
from the general goal of achieving economic value (e.g. crop yields) with the least possible impact on 
the environment (e.g. loss of biodiversity, increase in eutrophication or pollutant inputs) (Huppes and 
Ishikawa 2008). Systems that are highly eco-efficient are based on the use of optimal inputs of materi-
als and energy rather than on minimum or maximum inputs into the system (Kulak, Nemecek et al. 
2013). Increasing eco-efficiency in an existing system can be achieved on the one hand by reducing 
inputs (e.g. nutrients, water or energy (fuel)), but also by increasing yields (e.g. improved crops (vari-
eties) or adapted management strategies) (Kulak, Nemecek et al. 2013). In addition to profitability, 
competitiveness, sustainability and resilience, economic, social and environmental needs must be 
taken into account (Mateo and Ortiz2013).

The eco-efficiency of an agricultural system can be increased through a variety of options. The most 
important and also most basic strategy is the breeding and use of crops and varieties adapted to the 
site. The application of certain production techniques (e.g. minimum tillage or various precision farm-
ing methods) can lead to the preservation of soil functionality and thus to its sustainable use (Kopa-
insky, Flury et al. 2013). Furthermore, the design of the production system (e.g. replacement of min-
eral fertilisers by farmyard manure (Kopainsky, Flury et al. 2013), adaptation of crop rotation, recycling 
of nutrients brought in by biomass, use of mixed crops) plays an important role in reducing negative 
impacts of agriculture on the environment and thereby increasing eco-efficiency (Kulak, Nemecek et 
al. 2013). However, production efficiency can only be ensured if there is interaction or consideration of 
all levels. Thus, the breeding of a variety must be adapted to both the production system and the man-
agement. Even the best variety cannot deliver the best yields in every system.

4.1 Measuring eco-efficiency 
Life Cycle Assessment (LCA) is an important instrument for determining the eco-efficiency of a sys-
tem. This is the systematic analysis of the environmental impact along the entire value chain of a 
product. In addition to production, the environmental impact of use and disposal is also included. Posit-
ive and negative effects of agricultural systems on the environment can thus be detected and, if ne-
cessary, dealt with through appropriate measures. This method is also used to make or legitimise de-
cisions that take the environment into account. On the one hand, agricultural practice and production 
can be systematically optimised. On the other hand, there is the possibility of creating a uniform in-
formation basis for authorities and also the public. Important international projects on the life cycle as-
sessment of agricultural production systems include 'SOLIBAM' 144and 'CONTOGETHER'145. A Swiss 
project is 'Ecobil.ch' 146.

4.2 Efficiency through management practices 
Management is an important factor in increasing eco-efficiency. Depending on the situation, various 
measures from the field of 'precision farming' or alternative approaches to fertilisation are useful.

144 http://www.solibam.eu/modules/addresses/viewcat.php?cid=1 (accessed 20.11.2013)
145 http://www.fp7cantogether.eu/index.php (accessed 20.11.2013)
146 http://www.ecobil.ch/gesellschaftlicherkontext.asp (accessed 20.11.2013)

http://www.fp7cantogether.eu/index.php
http://www.ecobil.ch/gesellschaftlicherkontext.asp
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4.2.1 Precision Farming 

Precision farming' plays an important role in optimising the application of fertilisers or plant protection 
products using sensor technology. In the case of N fertilisation, nitrogen use efficiency can be in-
creased by up to 368% compared to the standard procedure without yield losses when fertilisation is 
adapted to field sections (classification of sections according to soil properties, yield potential, inform-
ation on vegetation condition) (Diacono, Rubino et al. 2013). Systems that regulate fertiliser rates in 
real time during application via 'remote' sensors are an alternative to field mapping. Studies showed 
that such systems could also reduce the amount of N fertiliser for the same yield (Diacono, Rubino et 
al.2013).

4.2.2 Mixed crops 

Mixed crops can have a positive effect on yield and environmental impact (Kulak et al., 2013). The cul-
tivation of mixed crops or the agricultural use of more complex cropping systems poses new chal-
lenges for crop production. While there have already been successes in Swiss forage plant breeding, 
among other things, the potential of this form of cultivation has hardly been exhausted in other produc-
tion systems. A balanced cultivation with optimal partners (maturity date, nutrient and water require-
ments) allows a balanced use of the cultivated area (nutrient uptake, shading, rooting, etc.) and can 
increase the total yield. Furthermore, the cultivation of different crops can prevent massive pest in-
festations and reduce the use of plant protection products (Leung, Zhu et al. 2003). Certain types of 
cultivation, such as mixed cultivation, strip cropping, 'contour farming' or agroforestry, thus offer inter-
esting possibilities with a lot of potential in both conventional and organic farming (personal commu-
nication Monika Messmer, FiBL).

4.2.3 Green manure 

Legumes as green manures increase energy efficiency by replacing mineral nitrogen fertiliser (Willi-
ams, Audsley et al. 2006). However, nitrogen losses are a problem with green manures, as nitrogen 
availability is difficult to synchronise with plant needs (Stenberg, Ulen et al. 2012, Quemada, Baranski 
et al. 2013). Grain legumes can only be used as green manures if the grain remains in the field (Ober-
son, Nanzer et al. 2007).

4.2.4 Organic vs. conventional production 

Studies from England have shown that organic wheat production requires about 27% less energy com-
pared to conventional cultivation. This results, among other things, from the use of symbiotic nitrogen 
fixation instead of mineral fertilisers (Williams, Audsley et al. 2006). However, this advantage is offset 
by the increased land consumption for the same production volume (+65% for milk, +160% for pota-
toes and +200% for bread wheat) (Williams, Audsley et al. 2006). Nitrogen leaching and emissions 
from organic production in Europe are generally smaller per area but larger per unit of production 
(Tuomisto, Hodge et al. 2012). A meta-analysis of 66 studies found that organic production of legumes 
and perennial crops yielded on average 34% (about 5% under optimal conditions) less (Seufert, 
Ramankutty et al2012).

The Global Warming Potential (GWP) of organic production is 2-7% lower than that of conventional 
production, as a study in England showed (Williams, Audsley et al. 2006). The comparison of these 
two production approaches also shows that the proportion of carbon in the topsoil using farmyard ma-
nure does not differ significantly and has decreased slightly overall between 1977 and 2004 in the DOK 
trial (Dynamic, Organic, Conventional) (147Leifeld, Reiser et al. 2009). Production under maximum yield 

147 http://www.fibl.org/de/medien/medienarchiv/medienarchiv06/medienmitteilung06/article/europas-aeltester-langzeitversuch-im-bio- ackerbau-wird-wei-
tergefuehrt.html (accessed 11.12.2013)
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in combination with uncultivated land conservation can also maintain biodiversity (depending on the 
correlation of yield and population density) (Green, Cornell et al2005).

4.3 Biomass recycling 
The recycling of biomass, be it farmyard manure or unused food, can make an important contribution 
to increasing eco-efficiency.

4.3.1 Farmyard manure 

Nutrients from on-farm organic materials can be used to reduce the need for external fertilisers. Or-
ganic materials can be incorporated directly into the soil, but can also be processed via various com-
posting processes and then used. The use of anaerobic digestion, e.g. by utilising the farm's own ma-
terials in the biogas plant, can also improve the eco-efficiency of a farm or production (Kulak, Nemecek 
et al. 2013). In this case, however, higher efficiency results more from the replacement of fossil fuels 
with renewable energy resources than from an increase in productivity with the same environmental 
impact (Kulak, Nemecek et al. 2013). Closing the biomass cycles on the farm results in short transport 
routes and eliminates any travel costs (Kulak, Nemecek et al.2013).

4.3.2 Food waste 

The company Organic Matters Inc. in Florida processes high-quality animal feed for chickens and cattle 
from food scraps148. The food scraps are centrifuged at 800°C and dehydrated. The result is a sterile, 
dry powder rich in proteins and carbohydrates149. A study by the University of Georgia also showed 
that food by-products after anaerobic and aerobic stabilisation yield a feed with 14% protein and 82% 
digestible nutrients with good suitability for cattle production150. The utilisation of slaughterhouse waste 
with suitable processing is also conceivable (Lin 2009), but the problem of transmissible diseases (EF-
SA 2010) must be solved.

4.3.3 Compost application against soil-borne fungal diseases 

Studies at the University of Kassel, Department of Ecological Agricultural Sciences, have shown that 
the addition of green waste compost to the substrate has an infestation-reducing effect on various 
fungal diseases of potatoes and also peas (Bruns, Heß et al. 2009, Bohne, Hensel et al2013, Brunc, 
Werren et al. 2013). For the realisation of the application of corresponding amounts of compost, the 
development of technical solutions is necessary, e.g. a seeder with compost bunker and correspond-
ing application units151 . The application of pelletised compost, which can be applied together with the 
seed, is also a focus of interest.

148 http://www.organicmatters.com/ (accessed 22.11.2013)
149 http://www.allaboutfeed.net/Process-Management/Management/2012/6/Going-green-Recycling-food-waste-into-livestock-feed- AAF013293W/ (ac-

cessed 22.11.2013)
150 http://www.caes.uga.edu/Applications/ImpactStatements/index.cfm?referenceInterface=IMPACT_STATEMENT&subInterface=de-

tail_main&PK_ID=4359 (accessed 22.11.2013)
151 http://www.innovations-report.de/html/berichte/agrar_forstwissenschaften/komposteinsatz_gegen_bodenbuertige_pilzkrankheiten_178169.html (ac-

cessed 24.10.2013)

http://www.organicmatters.com/
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4.4 Nutrient efficiency and breeding 
Breeding for yield and nutrient efficiency is central with regard to resource-conserving cultivation 
(Kopainsky, Flury et al. 2013).

4.4.1 Nitrogen 

The optimal amount of nutrient input can be an important tool for increasing the eco-efficiency of a pro-
duction unit (e.g. a farm) (Kulak, Nemecek et al. 2013). In Switzerland, the goal of reducing the sur-
plus of nitrogen (N) in agriculture from 110,000 t in 1990/92 to 67,000 t in 2005 could not be achieved 
(Spiess 2005). Rather, the surplus has stagnated at a level of about 100,000 t since the 1990s. Weath-
er-related yield losses in particular lead to high nitrogen losses at constant input152.

A meta-analysis of 217 field studies from North America and Europe using the 15N recovery method 
identified the most important management factors for increasing N efficiency. Important for optimal 
uptake of N into the plant were timing, application close to the root and the use of mineral fertiliser 
(Gardner and Drinkwater 2009). Organic fertilisation and crop rotation reduces short-term N losses 
(Gardner and Drinkwater 2009), but nitrogen leaching or transport to deeper soil layers may be great-
er in the longer term with organic fertiliser than with mineral fertiliser (Bosshard, Sorensen et al. 
2009). In addition, the effect of organic fertiliser on the following year is small (Sorensen and Thom-
sen 2005). A non-leguminous catch crop instead of a fallow can reduce nitrogen losses by up to 50% 
and at the same time reduce erosion (Quemada, Baranski et al. 2013). Nitrogen efficiency can addi-
tionally be increased through breeding. Swiss wheat varieties registered since 1926 tend to show in-
creased nitrogen use efficiency in the newer varieties. However, a significant difference in nitrogen 
use efficiency (NUE) exists only between the variety MC 245 (approx. 55 g-1) from 1926 and Ca-
phorn (approx. 90 g-1) from 2001 (Hategekimana, Schneider et al. 2012). Currently, several research 
projects are dealing with the NUE of wheat (Tab. 1). The project 'Efficient Wheat' aims at evaluating 
the genetic variability of NUE in wheat under drought stress. Phenotypic screening methods as well 
as molecular markers for identified gene regions are to be developed (Wheat Initiative 2012). In irrig-
ation, water management (adaptation of water quantity, technology) is crucial before fertiliser man-
agement with regard to nitrogen losses (Quemada, Baranski et al. 2013). Nitrification inhibitors are 
primarily not a means to increase nitrogen efficiency (Gardner and Drinkwater 2009, Kim, Saggar et 
al. 2012, Quemada, Baranski et al. 2013).

4.4.2 Phosphorus 

Phosphorus (P) is a vital element for humans and nature. Today, there is talk of a phosphorus short-
age, as high-quality resources that can be degraded with today's technology are already limited. In 
Switzerland, the reduction of the P surplus has been successful: The goal of reducing the surplus by 
50% from 1990/92 to below 10,000 t was already achieved in 1996 through the introduction of the eco-
logical performance certificate. Due to the reduction of mineral fertiliser use, the trend continues to de-
crease and amounted to 3'300 t P-surplus in 2010 153. Phosphorus reserves in the soil will continue to 
decrease slowly but steadily (Oehl, Oberson et al. 2002). Problems remain in regions with high live-
stock densities, where there is little or no phosphorus cycling154. Alternative sources of mineral P fer-
tiliser could include recovery from sewage sludge (see Chapter 5) and more efficient use of municipal 
waste and food industry waste. Breeding P-efficient varieties, e.g. soybean or barley, supports the bet-
ter use of available resources in the soil (Singh Gahoonia and Nielsen 2004, Wang, Yan et al. 2010, 

152 http://www.bfs.admin.ch/bfs/portal/de/index/themen/02/06/ind13.indicator.130509.137.html (accessed 24.10.2013)
153 http://www.bfs.admin.ch/bfs/portal/de/index/themen/02/06/ind13.indicator.130508.137.html (accessed 24.10.2013)
154 http://www.bfs.admin.ch/bfs/portal/de/index/themen/02/06/ind13.indicator.130508.137.html (accessed 24.10.2013)
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BMELV 2011). Differences in the P-efficiency of different varieties could be determined for maize, car-
rots or wheat, among others (Sattelmacher, Becker et al. 1990, Hagel 1997, Li, Pang et al2003).

4.4.3 Symbioses for improved nutrient efficiency 

Both nutrient uptake and disease pressure are significantly influenced by soil microorganisms. Plant-
rhizosphere interactions through mycorrhizal fungi and their optimisation are an important topic for 
breeding research (Carvalho, Ferreira et al. 2012). Various field and greenhouse studies on rice and 
cassava showed a positive effect of different arbuscular mycorrhizal fungi on plant growth (Angelard, 
Colard et al. 2010, Ceballos, Ruiz et al. 2013). Especially the phosphorus uptake of the plant can be 
improved by considering symbiotic interactions (Sudova, Rydlova et al. 2010). For artificial inocula-
tions in the field with selected fungi, these must be cheap to produce and competitive (Ceballos, Ruiz 
et al. 2013).

Besides management (e.g. N fertilisation, reduced, monocultures favour the occurrence and effective-
ness of the fungi (Antoninka, Reich et al. 2011)), the selection of the crop as well as the variety also 
has an influence on the effectiveness of the mycorrhizal fungi. An interesting aspect for breeding is 
that interactions with mycorrhizal fungi can be dependent on the genotype, e.g. in white clover, as well 
as on the ploidy of a population (Eason, Webb et al. 2001, Sudova, Rydlova et al. 2010). No such sym-
bioses are known for crops of the Brassicaceae family (personal communication, Cameron Wagg, Uni-
versity of Zurich).

4.4.4 Breeding and using efficient varieties 

An important and at the same time the most fundamental method for increasing efficiency in crop pro-
duction is the breeding and use of adapted varieties. In wheat, for example, it has been shown that 
varieties with 20% increased yield simultaneously reduce energy demand by 9%, soil acidification by 
10% and eutrophication potential by 16% for the same production volume (Williams, Audsley et al. 
2006, Tuomisto, Hodge et al. 2012, Kulak, Nemecek et al. 2013). The choice of varieties in a given 
location determines productivity and yield (Hartell, Smale et al. 1997, Di Falco and Perrings 2003). By 
using water and nutrient reserves more efficiently, certain genotypes can be less susceptible to site- 
or climate-related stress factors (Akhtar, Oki et al. 2008). However, whether breeding specifically un-
der stress conditions and low-input is controversial (Kulak, Nemecek et al. 2013). In general, breeding 
for yield reduces energy consumption and GWP (Williams, Audsley et al. 2006, Tuomisto, Hodge et 
al. 2012).

4.4.5 Resistance breeding 

Pyramidisation of resistance genes, i.e. breeding different resistance genes against a disease into a 
variety, is an efficient method to protect crops against diseases in the long term (Landjeva, Korzun et 
al. 2007). Breeding plants for disease-resistant traits can reduce the amount of pesticides that need to 
be applied in the event of disease infestation and thus reduce the burden on resources such as soil 
and water. In addition, genetic resistance can create the basis for more stable yields. It is undisputed 
that pathogens are also continuously evolving and thus resistance breeding will continue to be of great 
importance in the future.

Surveys and assessments of the "fungicide resistance risk" have been carried out as standard in the 
development of fungicides for over 20 years155. An evaluation of the risk of resistance development is 
required in the EU for the authorisation of fungicides. The Fungicide Resistance Action Committee 
(FRAC) maintains a list of potentially resistant pathogens (depending on region and population). In 

155 http://www.pesticides.gov.uk/guidance/industries/pesticides/advisory-groups/Resistance-Action-Groups/frag#Aims (accessed 31.10.2013)

http://www.pesticides.gov.uk/guidance/industries/pesticides/advisory-groups/Resistance-Action-Groups/frag#Aims
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general, many and short disease cycles per season, high spread potential of spores and necessary 
sexual recombination increase the risk of resistance development156. 157

4.4.6 Root research 

Breeding for more efficient, deep-reaching root systems is key to many breeding objectives, such as 
improved nutrient uptake under extensive fertilisation and avoidance of water stress during drought. 
Nevertheless, there are not many examples of successful direct breeding for efficient root systems. So 
far, only about seven root traits have been shown to have a close relationship with yield in the field. Of 
these traits, only three have been adopted in commercial breeding programmes (Palta and Watt 2009). 
These are protection against aluminium toxicity in acidic soils by secreting complexing acids at the root 
tips (Fisher and Scott 1987), resistance to nematode penetration into the root cell (Ogbonnaya, Sub-
rahmanyam et al. 2001) and a shallower root system for improved uptake of phosphorus, which is 
mainly enriched in the topsoil (Liao, Yan et al. 2004). One reason for the low use of root traits in breed-
ing is that even simple selection procedures are not yet simple and efficient enough to be used in 
breeding. To close this gap, public and private research is increasingly investing in technical facilities 
in which roots can be grown and measured under different growth conditions. The institutions operat-
ing such facilities in Europe, specialising in the root systems of cereal species, for example, are 
grouped together in 157the 'EURoot Consortium' under the EU's Seventh Framework Programme. For 
breeders, further, indirect selection methods could be very attractive. For example, deeper root sys-
tems with better water uptake and cooling performance can be identified in the field using thermo-
graphy (Lopes and Reynolds 2010). Efforts continue in the field of genome mapping with the aim of 
enabling marker-assisted selection for root traits (Courtois, Ahmadi et al. 2009, Hund, Reimer et 
al2011). Eco-efficiency from the perspective of two stakeholders

Syngenta technologies today go beyond traditional crop protection by providing options to realize max-
imum crop performance in an increasingly variable environment. Proactive approaches in chemistry 
and genetics are being pursued to expand the range of solutions for abiotic stress management. Five 
key factors have been identified: Water management in surplus or deficit is to be improved through 
positive effects of chemical products, precision phenotyping (especially maize) and genetic engineer-
ing approaches. In the case of stress caused by temperature or sunlight, chemical products in partic-
ular can have positive effects, with the latter focusing on delaying senescence. The improvement of 
nutrient management is also to be achieved with chemical products. In Brazil, for example, some 
products are used that transport additional nutrients into the flower and thus increase yield. Agricul-
tural production under local extremes such as wind, hail, soil salinisation and mechanical stress factors 
should become more efficient, especially with products that increase the root system and stability (per-
sonal communication Sven Bisang, Syngenta).

FiBL researches and promotes the increase of organic efficiency based on biological breeding meth-
ods. Targeted selection should enable efficient and site-adapted crop production despite biotic (dis-
eases and pests) and abiotic (heat, drought, waterlogging, cold or elevated CO2 levels) factors. In addi-
tion, it is important to increase agrobiodiversity and reduce the risk of yield losses in unfavourable con-
ditions. Various sub-areas play a role here: breeding for (1) weed suppression capacity (no herbicides), 
(2) resistance to seed-borne diseases (no seed dressings), and (3) increasing nutrient use efficiency 
by breeding N-efficient varieties under organic conditions (e.g. oilseed rape).(4) Reducing post-har-
vest losses by improving product quality, and (5) testing and recommending varieties for organic con-

156 http://www.frac.info/ (accessed 31.10.2013)
157 www.EURoot.eu (accessed 4.12.2013)

http://www.frac.info/
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ditions. FiBL sees itself as a facilitator. It promotes exchange and seeks close cooperation with breed-
ers (personal communication Monika Messmer, FiBL).

4.5 Conclusion 
With decreasing availability of agricultural land as well as more difficult access to resources, e.g. due 
to scarcity of resources and/or the constant price increase on the world market, eco-efficient agricul-
ture is an important and future-oriented strategy to produce more with the same input (Kulak, Nemecek 
et al. 2013). Eco-efficiency in this context does not only mean reducing harmful environmental impacts 
and producing efficiently, but rather taking into account local conditions and opportunities within a given 
production. In organic production, a yield reduction of about 30% should be considered (Seufert, 
Ramankutty et al. 2012). Important fields of action in the area of eco-efficiency include increasing ni-
trogen efficiency or reducing the use of plant protection products (Tab. 3). Approaches in these areas 
include precision farming, improving the use of catch crops and resistance breeding (Table 3).

Table 3: Important challenges in the field of eco-efficiency and climate change and approaches to solving them in the 
field of technology (see also chapter 5) and breeding 

Challenge Technical solutions Breeding contribution

Nitrogen Precision Farming 

Intercropping instead of fallow

Nitrogen efficiency

Root system

Improvement of catch crops

Phosphorus Recovery from 
sewage sludge ash

Phosphorus efficiency

Mycorrhizal symbioses

Soil erosion Direct seeding

Green manure instead of fallow

Powerful green manure

Drought / heat (Sensor controlled) irrigation Drought and heat tolerant 
varieties

Minimise herbicide use Direct sowing in green manure

Precision Farming

High emergence varieties in 
green manure or fast weed 
suppression

Minimisation of plant pro-
tection products

Precision Farming Resistance breeding
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5 Climate change challenge 
Significantly stronger heat extremes can be predicted for the future on about two thirds of the global 
land area. In Europe, heavy precipitation will increase over the next 50 years. In particular, the fre-
quency and localisation of extreme events are difficult to predict on the basis of current knowledge and 
may also show opposing trends regionally (Fischer, Beyerle et al. 2013). Projections for future crop 
production show that, due to climate change, the potential global cultivation areas of pearl millet (Pen-
nisetum glaucum L. , +31%), sunflower (Helianthus annuus L. , +18%), millet (Panicum miliaceum L. , 
+16%), chickpea (+15%), soybean (+14%), sorghum (+9%) and maize (+7%) will increase. The poten-
tial acreage of previously typical crops of cold climate regions, such as strawberry (-32%), wheat (-
18%), rye (-16%), apple (-12%) and oats (-12%), will decrease (Lane and Jarvis 2007). For northern 
Europe, climate change is now generally assumed to have a positive effect on agriculture, through 
longer growing seasons, new cultivation options, e.g. a new range of crops, as well as increased photo-
synthetic rates and CO2 fertilisation (Lavalle, Micale et al. 2009, Iglesias, Garrote et al. 2012). In contrast, 
however, the productivity of wheat, maize and soya in particular will decline in southern Europe. This 
is due, among other things, to a rise in temperature, which leads to an increased demand for water 
with simultaneously longer periods of water shortage. In addition, there is a change in pest occurrence 
in various regions and the resulting need for plant protection products (Fritsche-Neto and Borém 2012, 
Iglesias, Garrote et al. 2012).

5.1 Regional forecasts for Switzerland 
Mean temperatures are very likely to rise in all regions and seasons over the course of the 21st cen-
tury. Summer precipitation will decrease and in winter precipitation will be somewhat less but more 
variable (Hohmann, Thalmann et al. 2007, CH2011 2011). In the report 'Scenarios for Climate Change 
in Switzerland CH2011', three climate scenarios with different emission levels are examined. Here, the 
reference unit (CO2eq) expresses greenhouse gases other than CO2 in units of CO2.

 A2: No interventions are made to avoid climate gas emissions and emissions rise continuously 
until 2100 from approx. 50 to approx. 140 GtCO2eq per year.

 A1B: No interventions are assumed in this scenario either, but emissions drop from 2050 on-
wards to approx. 60 GtCO2eq per year in 2100.

 RCP3PD: The goal is to reduce global greenhouse gas emissions by at least 50% by 2050 
compared to the reference year 1990, so that by 2100 emissions are expected to be less than 
10 GtCO2eq per year.

Without a reduction in greenhouse gas emissions, scenario A2 and A1B expect temperatures to rise 
by 2.7-4.8°C at the end of the century. If the CO2 target is achieved in the RCP3PD scenario, temperat-
ure warming could stabilise at 1.2-1.8°C (CH2011 2011). The expected temperature increase will be 
more noticeable in summer than in winter (Hohmann, Thalmann et al. 2007). Longer warm periods and 
heat waves can be expected in summer in particular (CH2011 2011).

In the 20th century, the temperature rose by 1.6 °C in western Switzerland, by 1.3 °C in German-
speaking Switzerland and by 1.0 °C on the southern side of the Alps (OcCC/ProClim 2007). A signific-
ant increase was recorded in the maximum temperatures, while the minimum temperatures remained 
relatively stable (Jürg Fuhrer, PSC Symposium 2013). It is very likely that by 2050 every tenth sum-
mer will be warmer than 21°C on average. However, the frequency of such extremely warm summers 
could increase significantly if climate change also increases climate variability even further (OcCC/Pro-
Clim 2007). In winter, cold winter days and nights will decrease (CH2011 2011).
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Heavy precipitation events are expected to become more frequent (every 5 years instead of 7-10 
years) by 2050 (OcCC/ProClim 2007). In terms of precipitation distribution, an increase in dryness in 
summer of 8-10% is generally expected (CH2011 2011).

5.1.1 Northern Switzerland 

The average summer temperature in northern Switzerland will increase by 2.7°C by 2050. In winter, 
warmer temperatures of +1.8°C can be expected. Less precipitation is expected annually (e.g. -50 mm 
in Bern Liebefeld), which corresponds to a decrease of around 17% in summer (Hohmann, Thalmann 
et al. 2007). Winter precipitation will vary more in its amount in the future, although the amount of pre-
cipitation will tend to remain the same (Fig. 14) (CH20112011).

Figure 14: Projected changes in temperature and precipitation in north-eastern Switzerland relative to 1980-2009 val-
ues using the three climate scenarios A2, A1B and RCP3PD (source: CH2011 (2011)). 

5.1.2 Southern Switzerland 

At +2.8°C, summer warming in southern Switzerland by 2050 is comparable to that in northern 
Switzerland (Hohmann, Thalmann et al. 2007). Winters will be +1.8°C warmer, as in northern 
Switzerland. In Ticino in particular, heat waves and droughts are expected to increase in summer 
(CH2011 2011). In 2050, less precipitation (-20 mm in Sion, -150 mm in Lugano) per year is expec-
ted, which corresponds to a decrease of about 19% for summer (Hohmann, Thalmann et al.2007). 
Winter precipitation is likely to increase by 11% in southern Switzerland (CH20112011).

5.2 Consequences for cultures 
Table 4 summarises the expected climate changes up to 2050 and their consequences for crops. For 
winter wheat and grain maize, rather lower yields and losses of a minimum of 7% (grain maize in west-
ern Switzerland) to a maximum of 25% (winter wheat in north-eastern Switzerland) in agricultural in-
come are to be expected (Lehmann, Finger et al. 2013). In the study by Lehmann, Finger et al. (2013), 
production intensity (N fertilisation), irrigation and two different climate models (ETHZ-CLM and SMHI-
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Had are both based on the A1B emissions scenario using a climate model from the ETH and a Swedish 
institute respectively) for the year 2050 were taken into account, but no CO2 fertilisation effect (Lehmann 
2013). An included CO2 fertilisation effect can result in yield increases for winter wheat (Torriani, Calanca 
et al. 2007a), grassland (Finger, Lazzarotto et al. 2010) and grain maize (Finger and Schmid 2008) 
and reduce the negative consequences of climate change. This would benefit C3 crops more than C4 
crops (e.g. maize). Nitrogen fertilisation can be slightly reduced in maize, likewise in winter wheat, 
where only one nitrogen application is needed due to the shortened growth phase. No significant 
change in yield variability is expected in winter wheat (Lehmann, Finger et al. 2013). Drought-related 
yield losses for arable and grassland from 1980-2006 were calculated via relative evapotranspiration 
based on climate data, watersheds, topography, soil properties and crop-specific vegetation paramet-
ers (Fuhrer and Jasper 2009). Risk areas are mainly western Switzerland, the Lower Valais and inner 
Alpine valleys. In central and eastern Switzerland, a trend towards longer periods of drought is visible 
(Fuhrer and Jasper 2009). Grasslands are sensitive to drought with up to 78% biomass loss due to ex-
treme summer events based on the A1B emission scenario measured in Saint-Genès-Champanelle 
(France, 880 m above sea level) (Zwicke, Alessio et al. 2013). In addition, weeds may be more likely 
to establish, such as blunt-leaved dock (Rumex obtusifolius) (Stampfli and Zeiter 2004, Gilgen, Sig-
narbieux et al2010).

5.2.1 North-East Switzerland 

In the Central Plateau, the growing season is expected to be 40 days longer in 2050 compared to 1970 
(Calanca and Holzkaemper 2010).

5.2.1.1 Maize: Yield reduction
Assuming a temperature increase of 5°C and 30% lower summer precipitation (expected trend after 
2050), grain maize and rapeseed yields decrease by about 15% with lower yield stability, assuming 
optimal N fertilisation and irrigation. Under optimal management conditions, a lower grain maize yield 
tends to be predicted also by Lehmann et al. (2013). When an additional CO2 fertilisation effect is included, the 
yield loss is weaker, with Finger and Schmid (2008) even predicting an increase in yield by 2050. Yield 
variability will increase for the time being. However, should, according to the calculations of climatic 
models, additional irrigation be necessary due to rising temperatures, the variability of yields could in-
crease (Lehmann, Finger et al. 2013). Furthermore, the loss of yield stability can be minimised by in-
cluding a variable sowing date (Torriani, Calanca et al. 2007b). In addition, a possible loss of yield can 
be compensated for by using later maturing varieties (higher FAO number, measure of maturity 158159). 
A difference of 100 in the FAO number corresponds to about 10 days difference in the necessary ve-
getation period. Currently, maize varieties up to FAO number 270 are recommended in Switzerland 
north of the Alps and up to 550 south of the Alps (Agroscope 2013). Varieties above FAO number 500 
are bred, for example, by Semilla Fito159 160 or Pioneer (Agroscope2013).

5.2.1.2 Winter wheat and grassland: yield increase
In winter wheat, yield and yield stability increase if a fertilisation effect of the doubled CO2 content is as-
sumed (Torriani, Calanca et al. 2007a). Lehmann et al. (2013) also tend to assume a decrease in yield 
variability in winter wheat. In grassland, increasing yields are also expected, but only if a positive ef-
fect of increased CO2 fertilisation is factored in (Finger, Lazzarotto et al. 2010). The variation in grassland 
yields also increases under the assumed climatic changes and intensifies with increasing nitrogen fer-

158 http://www.inaro.de/deutsch/generic_frame.html?Allgemei/Glossa.htm?gloss_cont.htm#F (accessed 20.11.2013)
159 http://www.semillasfito.com/gcmaiz.php#1 (accessed 21.11.2013)
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tilisation. Risk-averse farmers will therefore tend to reduce nitrogen fertilisation in order to increase the 
stability of yields (Finger, Lazzarotto et al. 2010).

5.2.1.3 Potato: Irrigation
In northern Switzerland, irrigation will probably only be necessary for potatoes (Lehmann, Finger et al. 
2013).

5.2.2 Western Switzerland 

In general, without specific adaptations to climate change, 0-10% productivity loss can be expected 
from increased irrigation, contributing to 25-35% higher soil loss and increased nitrogen leaching of 
30-45% (Klein, Holzkämper et al. 2013). In order to minimise these negative impacts, Klein et al. (2013) 
tested different management options using soil, weather and slope maps and the same two climate 
models from Lehmann et al. (2013). An optimal mix in the Broye region would thus correspond to a re-
duction of 60% in potato, 75% in sugar beet and 20% in grain maize compared to the status quo. In-
stead, the importance of winter barley, rapeseed and, in sloping regions, mainly grassland would in-
crease (Klein, Holzkämper et al. 2013). Maize, potatoes, sugar beet and forage grasses would also 
need increasingly flexible irrigation to achieve profitable yields (Finger and Schmid 2008, Lehmann, 
Briner et al. 2013).

5.2.2.1 Maize: Could be replaced by winter barley
For grain maize, yield losses as well as resulting financial losses of about 7% of agricultural income 
are to be expected. Assuming optimal management conditions, the variability of maize yields tends to 
increase. The profit margin tends to decrease, while the variability of profit increases (Lehmann, Fin-
ger et al. 2013). This happens mainly because of the accelerated development of maize, which could 
reach its final stage up to one month earlier. It should be possible to minimise yield variability through 
varieties adapted to warmer climates. Irrigation is necessary and linked to economic losses, which 
could cause maize to disappear from arable land altogether. According to economic criteria, winter 
barley and irrigated potatoes (Lehmann, Briner et al. 2013), and according to ecological criteria, winter 
barley, winter rape and grassland would take its place (Klein, Holzkämper et al. 2013).

5.2.2.2 Winter wheat and rape: no irrigation necessary
Winter wheat and winter oilseed rape will most likely gain in importance, as they do not require irriga-
tion (Finger and Schmid 2008, Lehmann, Briner et al. 2013). For winter wheat, reduced nitrogen fertil-
isation and slight losses in yield and profit are to be expected, whereby the development of the vari-
ability of yields and profit in wheat will depend on the climate model chosen (Lehmann, Finger et al. 
2013). Winter oilseed rape can be harvested earlier due to climate warming and thus avoid possible 
summer drought and heat (Lehmann, Briner et al2013).

5.2.2.3 Sugar beet and potato: profitable but not ecological
Sugar beet and potato can still be grown profitably in the future despite climate change, provided that 
they are irrigated, with sugar beet in particular benefiting from the high direct payments (Lehmann, 
Briner et al. 2013). In order to minimise soil and nitrogen losses in the future, especially on slopes and 
under irrigation, the area under sugar beet and potato would have to decrease (Klein, Holzkämper et 
al. 2013).

Agronomic studies that take into account conditions in southern Switzerland are not known. The situ-
ation is probably comparable to that of western Switzerland.
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Table 4: Expected changes in the Swiss climate by 2050 and their effects on crop yields (Sources: CH2011 (2011), 
Torriani, Calanca et al. (2007a), Finger and Schmid (2008), Finger, Lazzarotto et al. (2010), Lehmann, 
Briner et al. (2013) ) 

 Summer Winter Cultures

Tem-
perat-
ure

Down-
strokes

Tem-
perat-
ure

Down-
strokes

Positive 
effects on 
earnings

Irrigation 
necessary

Negative 
effects on 
earnings

 °C % °C     

North-
East 
Switzer-
land

19.9 
(+2.7)

-17% +1.7 Variable Grassland, 
(winter 
wheat)

Potato, 
(maize)

(maize), 
rape

Western 
Switzer-
land

- - - Variable Potato, 
maize, 
grassland, 
sugar beet

South 
switzer-
land

20 
(+2.8)

-19% +1.7 Increase  -  

5.3 Comparable climatic areas 
Climatic conditions will change to those already prevailing today in southern France and northern Italy. 
Climatically similar areas to north-eastern Europe are the border region of the USA and Canada (40-
55°N, 52-115°W) and Russia and Kazakhstan (47-59°N, 50-90°E) (EPPO 2010).

5.4 Drought-tolerant crops 
European projects such as 'DROPS' 160and 'EUROOT'161 address the challenges of increasing drought 
in agriculture. DROPS' aims to improve yields under drought and increase water use efficiency on a 
genetic basis. EUROOT' aims to improve water and nutrient uptake by roots. The 'EUROOT' project 
involves 20 groups, including ETH Zurich, which are investigating the effects of nitrogen and drought 
stress on the root system of different genotypes. Switching to alternative crops is another possibility; 
in Germany, for example, sorghum is being bred by KWS in the field of energy crops for regions par-
ticularly affected by drought. 162

5.5 Diseases, pests and beneficial insects 
Among other things, a warmer climate accelerates insect development, increases generations and the 
number of active phases per year, and enables geographical expansion and host switching. Drought 
changes physiology and feeding behaviour, which could affect pests and beneficial insects. Warmer 
winters reduce pressure on pest populations. A modelling study with two important pests, the Color-
ado potato beetle (Leptinotarsa decemlineata) and the European corn borer (Ostrinia nubilalis), as-
sumes that these two insects will increase in number and spread in Europe by 2050 (Kocmankova, 

160 http://www.dropsproject.eu/ (accessed 7.10.2013)
161 http://www.euroot.eu (accessed 7.10.2013)
162 http://www.kws.de/aw/KWS/germany/Produkte/Energie/Fachinformationen/~djfj/Sorghum/ (accessed 20.11.2013)

http://www.dropsproject.eu/
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Trnka et al. 2011). Moisture is more important for pathogens than for insects (Singh, Prasad et al. 
2013), which means that certain fungal diseases are likely to decrease depending on their needs.

5.6 Consequences for Swiss agriculture 
Irrigation will increase in grassland, maize as well as potato cultivation in western Switzerland and in 
potato cultivation in north-eastern Switzerland (Finger and Schmid 2008, Klein, Holzkämper et al. 2013, 
Lehmann, Briner et al. 2013). Maize could be pushed out of the crop rotation in western Switzerland 
due to higher costs from irrigation for reasons of profitability (Lehmann, Briner et al. 2013). Adapta-
tions in crop rotation towards more winter crops are to be expected (Klein, Holzkämper et al. 2013, 
Lehmann, Briner et al. 2013).

The expected yields will tend (but not significantly) to reach a lower level than today (Lehmann, Finger 
et al. 2013). However, the effect of an increased CO2 concentration, which could have a positive impact 
on yields, remains unclear. If the warming is stronger than predicted, negative effects on the crops 
must also be expected in north-eastern Switzerland due to the shortened vegetative development 
(Hohmann, Thalmann et al. 2007). Yield variability decreases under irrigation, otherwise it tends to in-
crease (Lehmann, Finger et al. 2013). To minimise the effects of climate change, either alternative 
crops can be used (e.g. sorghum) or varieties can be adapted to warmer climates. In Switzerland, 
however, optimal management decisions are more influenced by EU-level price adjustments than by 
climate change (Lehmann, Briner et al. 2013). Climate change, in turn, could increase food prices glob-
ally (Tran, Welch et al.2012).

Conservation tillage and artificial grassland were identified in a modelling study by Klein, Holzkämper 
et al. (2013) as the most important factors for optimal adaptation to climate change in western Switzer-
land. No-till practices could become more important as drought conditions increase the water-holding 
capacity of soils (Chervet, Ramseier et al. 2006, Soane, Ball et al. 2012, Klein, Holzkämper et al. 2013). 
Grassland in the foothills of the Alps (above 700 m above sea level) can be partially converted to cro-
pland due to the higher temperatures (Klein, Holzkämper et al. 2013). The cultivation of alternative 
crops better adapted to heat and drought stress could become more interesting.

Disease pressure, especially from insects such as the Colorado potato beetle (Leptinotarsa decemlin-
eata) and the European corn borer (Ostrinia nubilalis), could increase (Kocmankova, Trnka et al. 2011, 
Singh, Prasad et al. 2013). Reduced snow cover, extreme precipitation and drought periods addition-
ally bring new challenges in the area of nutrient leaching (phosphorus and nitrogen efficiency). In potato 
and sugar beet, soil and nitrogen losses are increasing, especially on slopes. Especially in the case of 
nitrogen leaching, the soil type also plays an important role (Klein, Holzkämper et al. 2013). 
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6 Technological development in cultivation and processing 
In the future, the strategic orientation of breeding with its breeding goals will also depend to a certain 
extent on the technology used in plant cultivation as well as the requirements of the processes in the 
area of processing. The adaptation of cultivation technology (e.g. direct seeding), irrigation technology, 
as well as targeted automation of technology (e.g. harvesting machines) are important aspects that 
play a role in the development of economically and ecologically sustainable agriculture. They are in-
tended to make agriculture more efficient and environmentally friendly, while at the same time protect-
ing increasingly scarce resources. The influence of the buyers of agricultural products should not be 
neglected either. In addition to quality requirements, the harvest must also meet the demands of the 
processing procedures in order to obtain a product that meets the needs of the market. These require-
ments pose new challenges to plant cultivation and in particular to plant breeding, e.g. breeding with 
regard to certain ingredients or growth characteristics.

6.1 Machine developments 
Technological progress will continue to make sowing, field management and harvesting easier in the 
future, but will also lead to problems such as soil compaction.

6.1.1 Direct seeding 

The use of the no-till method enables the preservation of an intact soil structure and the maximum soil 
cover of the arable land. This has predominantly the following positive effects:

 For water, infiltration is improved, loss through evaporation is reduced and thus the content in 
the uppermost 30 cm is increased (Chervet, Ramseier et al. 2006, Chervet, Schwarz et al. 
2008).

 Reduced leaching of phosphorus and partly also nitrogen (Kulak, Nemecek et al. 2013).
 Reduced soil erosion.
 Accumulation of sequestered CO2 in the topsoil, e.g. in the form of humus. Nevertheless, com-

pared to conventional systems, probably no more CO2 is stored in the overall soil profile (Ku-
lak, Nemecek et al.2013).

 Reduction of diesel and labour input by 50% compared to cultivation with plough163.

Negative effects of no-till are increased water toxicity due to the conditional higher use of herbicides 
and insecticides. Nevertheless, it is assumed that no-till systems achieve a slight reduction in environ-
mental pollution (Williams, Audsley et al. 2006, Kulak, Nemecek et al. 2013). Optimised systems such 
as 'cross slot' improve crop emergence and apply fertiliser selectively during sowing (Ritchie, Baker et 
al. 2003). Approaches in organic production apply no-till together with a preceding green manure ap-
plication (Fig. 15). With the aim of suppressing weeds, the green manure is usually rolled down after 
sowing, and initial results with maize in combination with the optimal green manure are promising (Di-
erauer and Böhler 2012). As the plants grow through the rolled green manure, the young plants must 
be very vigorous.

163 http://www.crossslot.com/better-way-testimonials (accessed 04.12.2013)

http://www.crossslot.com/better-way-testimonials
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Figure 15: No-till is applied to a standing green ma-
nure mixture without the use of herbi-
cides (Source: Dierauer and Böhler 
(2012)). 

Figure 16: A water jet cuts the lettuce, after which the 
lettuce is transported away onto a con-
veyor belt (source: ramsayhigh-
lander.com). 

6.1.2 Irrigation 

Drip irrigation was developed in Israel in the 1960s and quickly spread worldwide164. Unlike sprinkler 
irrigation, the water is piped onto the soil surface or directly into the root zone, minimising losses 
through evaporation, rapid seepage or surface runoff. In addition, fertilisers and pesticides can be ap-
plied directly through these systems and thus reduced (Shock 2013). The latest systems are combined 
with soil sensors and thus allow irrigation and crop protection according to demand165. Another strategy 
is to alternate irrigation of only half of the soil or root area, as this can increase water use efficiency 
through the plant's natural drought stress responses (Wang, Liu et al. 2010). However, nutrient effi-
ciency is controversial (Wang, Liu et al. 2010, Sun, Yan et al. 2013). Efficient irrigation technologies, 
together with the development and use of drought-tolerant varieties, can make an important contribu-
tion to the sparing use of water as a resource.

6.1.3 Automated harvest 

In the future, harvesting machines that can automatically recognise and harvest the ripe plant organs 
will play an important role, especially for vegetables and fruits. Harvesting robots equipped with cam-
era eyes are already expected in the next few years. For example, work is already underway on im-
proved systems for orange harvesting, in which a robot arm recognises the oranges and harvests them 
individually, instead of shaking the whole tree166. For strawberry harvesting, a robot is already on the 
market that recognises and picks ripe berries167. The harvesting of lettuce is also becoming increas-
ingly automated (Fig. 16)168.

6.1.4 Soil compaction 

With increasing mechanisation and the use of heavier machinery, the problem of soil compaction will 
take on an increasingly important position. On the one hand, there is the possibility of partially loosen-
ing compacted soils by cultivating dicotyledonous plants with strong taproots (e.g. blue lupin, snail 

164 http://online.wsj.com/article/SB10000872396390443855804577602930583558076.html (Zugriff am 5.11.2013)
165 http://www.syngenta.com/global/corporate/en/goodgrowthplan/commitments/Pages/make-crops-more-efficient.aspx (accessed 5.11.2013)
166 http://online.wsj.com/article/SB10000872396390444273704577637461944396668.html (Zugriff am 5.11.2013)
167 http://roboticharvesting.com/tech.html (accessed 5.11.2013)
168 http://www.ramsayhighlander.com/products/romaine/green-leaf-lettuce-harvester.htm (accessed 5.11.2013)

http://online.wsj.com/article/SB10000872396390443855804577602930583558076.html
http://www.syngenta.com/global/corporate/en/goodgrowthplan/commitments/Pages/make-crops-more-efficient.aspx
http://online.wsj.com/article/SB10000872396390444273704577637461944396668.html


79

clover, field bean) (Materechera, Dexter et al. 1991, Schmidt, Gregory et al. 2013). However, this pre-
supposes that these plants are also economically interesting and probably require further breeding. 
On the other hand, the development of varieties that grow better on compacted soils will also be ne-
cessary. There is still a great need for research in this area (Bengough, McKenzie et al. 2011), as it is 
not known, for example, whether and to what extent genetic variation exists for the response to soil 
compaction within a crop species. This area therefore requires further basic research, such as is cur-
rently being carried out in the National Research Programme (NRP) 68.

6.2 Food processing 
New processing methods are moving towards reducing the need to denature proteins through thermal 
sterilisation techniques. One idea is to pulverise, dry and then reconstitute food, which can increase 
shelf life while maintaining product safety169. For example, there are already solutions that enrich 
broken rice as a raw material with vitamins and minerals and reconstitute it as a rice grain170. Tech-
niques that ensure gentle processing of the product from harvest to finished product can contribute to 
improving the quality of food but also to reducing waste in production.

6.2.1 Proteins for baking quality 

Water-insoluble storage proteins such as gliadin and glutenin originate from the endosperm of the 
wheat grain and function as gluten proteins. They influence the extensibility as well as the elasticity of 
the dough and can decisively influence the baking quality (Becker 1993).

The inclusion or processing of ice-structuring proteins (ISP) in breeding can improve the quality of 
frozen dough (Panadero, Randez-Gil et al. 2005, Kontogiorgos, Goff et al. 2008, Lingling, Yangsoo et 
al. 2010). These proteins can come directly from the grain (wheat), but can also be technically substi-
tuted and introduced by modified yeasts (Panadero, Randez- Gil et al. 2005, Lingling, Yangsoo et al. 
2010). No negative effects of ISP on human nutrition are known to date (Hassas-Roudsari and 
Goff2012).

Fat-binding proteins such as puroindoline a (PINA) and b (PINB) are responsible for the texture and 
hardness of the endosperm in wheat (Morris 2002). They thus have an influence on the milling prop-
erties, the flour and the quality of the end product, e.g. bread, cake and pasta (Pauly, Pareyt et al. 
2013). Only recently, several genes responsible for the formation of PINA and PINB could be marked 
with molecular markers (Chen, Li et al2013).

6.2.2 Processing of dough products 

Innovations in production technology and changes in preservation approaches have led to the produc-
tion and marketing of bread being linked and dough pieces for baking slowly replacing bread from the 
classic bakery. Due to economic advantages (larger quantities, cheaper daily working hours), dough 
pieces, i.e. baking with interrupted fermentation or refrigeration, have taken a large share of the mar-
ket today (Meyer 2003, Sywottek 2007) (personal communication Lilia Levy, Agroscope). However, 
this process places higher demands on the dough pieces, as the gluten structure in particular is more 
stressed. In addition to the need for a higher amount of moist gluten, the use of vitamin C in the form 
of acerola is also important. Ongoing studies are currently investigating to what extent gluten quantity 
can be substituted by gluten quality. In principle, however, greater attention must be paid to gluten 
quantity and protein content in the breeding of bread wheat (personal communication Lilia Levy, Agro-
scope). Another way of extending the shelf life of the product is achieved both by storing and trans-

169 http://www.lsfm.zhaw.ch/de/science/zle/vtk/forschungdienstleistungen/forschungsschwerpunkte/verfahrenstechnik.html (accessed 30.10.2013)
170 http://www.buhlergroup.com/global/en/services/nutrition-solutions/nutririce.htm (accessed 30.10.2013)
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porting it in a frozen state and by pasteurising packaged bread (Meyer 2003). In addition to catering 
establishments or other service outlets that offer fresh baked goods (e.g. petrol stations, discount mar-
kets, etc.), conventional bakeries also use deep-freezing of their products for more efficient production 
processes (personal communication Daniel Jakob, Swiss Association of Master Bakers and Confec-
tioners SBKV).

6.2.3 Use of nanotechnology 

Nanotechnology has potential for use in various areas of the food industry. Systems already known 
from the pharmaceutical industry can be used, for example, to protect bioactive substances (e.g. by 
encapsulation), to bring them to the desired reaction site and to release them there in a controlled man-
ner. Qualitative properties such as texture or viscosity of a substance can also be changed (Sozer and 
Kokini 2009, Lopes, Fernandes et al. 2013). 171Special nanocoatings have been developed to prevent, 
for example, ketchup from sticking to the bottle or chocolate from oxidising. Packaging coated by na-
notechnology, but whose safety is still poorly studied, can increase the shelf life of products. Food 
safety could benefit from nanosensors and nanotechnological methods that detect or filter microorgan-
isms, for example (Lopes, Fernandes et al2013).

6.3 Recovery of nutrients: Example phosphate recycling 
Phosphorus, along with nitrogen and potassium (NPK), is one of the most important elements of plant 
nutrition and cannot be provided synthetically. For agriculture in particular, the application of sewage 
sludge has been an important source for supplying plants with phosphate. The increasing amount of 
pollutants, e.g. heavy metals, in sewage sludge originating from households led to a legal ban on the 
use of sewage sludge in Swiss agriculture in 2006. Despite the ban, the phosphate in sewage sludge 
is to be made directly usable again. For this reason, the aim is to recover phosphorus economically in 
order to close the phosphorus cycle. In Switzerland, the amount of phosphorus bound in sewage 
sludge is equal to the amount of mineral fertiliser imported. The strategy of the Canton of Zurich (Bau-
direktion Kanton Zürich, Amt für Abfall, Wasser, Energie und Luft (AWEL)) is to extract the valuable 
raw material from sewage sludge. In the future, this should not only mean independence from the glob-
al raw materials market, but also give established expertise of local companies early access to a rap-
idly growing market (AWEL 2009, BAFU 2009). At ETH Zurich, a project aimed to extract toxic heavy 
metals such as copper and cadmium from phosphorus-rich sewage sludge ash. The ash can then be 
used as plant fertiliser172. Another possibility for the recovery of phosphorus as well as nitrogen and 
potassium would be the separation and subsequent extraction from urine. Research of this kind is be-
ing conducted at EAWAG (Montangero, Schertenleib et al. 2006, Bryner2010).

7 Development of agricultural markets 
By the year 2050, not only the economic distribution of food will be a central problem, but also the pure 
production volume needed to feed approx. 9 billion people (BMELV 2012). people (BMELV 2012). Lack 
of investment, natural resources or yield increases will be the main factors limiting the increase in pro-
duction (Alexandratos and Bruinsma 2012).

7.1 Cultivation in the future 
To ensure food security, global production must increase by at least 60% from 2005/2007 to 2050. The 
Food and Agriculture Organization (FAO) of the United Nations assumes that global consumption of 
all agricultural products will increase by 1.1% annually (previously it was 2.2%). In spite of this in-

171 http://www.sdu.dk/en/om_sdu/institutter_centre/c_nanosyd/forskning/forskningsprojekter/nanofood (accessed 4.12.2013)
172 http://www.plantnutrition.ethz.ch/pk/project (accessed 26.11.2013)
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crease, it is assumed that approx. 2.7 billion people will consume people will have to live on 2,700 kcal 
per day and 800 million of them on less than 2,700 kcal per day (Alexandratos and Bruinsma 2012). 
Meat production is expected to increase at a faster rate of 1.3% per year than cereals (0.9%) (Fig. 17). 
However, this increase in production is only possible if the necessary investments are made throughout 
the production chain and the political framework conditions are in place. Uncertainty factors that com-
plicate this forecast are population growth in sub-Saharan Africa, climate change and the demand for 
and production of bioenergy (Alexandratos and Bruinsma 2012).

Public spending on agricultural research, which makes an important contribution to the efficiency and 
development of future agricultural systems, is stagnating or declining in most of the world. The major 
exception is China, which more than doubled its spending in the last decade (2000-2010). The same, 
but less pronounced, is true for Brazil and India173. China and Brazil already have a large weight, look-
ing at import and export statistics (Alexandratos and Bruinsma 2012). The world's main soybean ex-
porter, the USA, is increasingly being caught up by its biggest competitor, Brazil, whose soybean pro-
duction is expected to increase by 40% from 2009 to 2019174.

Figure 17: Increase in main agricultural commodities from 2005/2007 to 2050 (Source: Alexandratos and Bruinsma 
(2012)). 

7.2 Development of global and regional croplands 
Based on climate models, it is expected that by 2050 the potential agricultural area in North America, 
Canada and most of Europe will increase, while that in the Sahel, southern Africa, India and northern 
Australia will decrease. The effects of climate change on the regions of eastern Brazil, Central Amer-
ica, the Himalayan Mountains and southwest Africa are still unclear (Lane and Jarvis 2007).

The FAO expects the area under cultivation in the industrialised countries to decrease by about 63 mil-
lion ha in absolute terms and to increase by about 132 million ha, especially in Latin America and Sub-

173 http://www.nature.com/nature/journal/v466/n7306/full/466531a.html (accessed 4.11.2013)
174 http://www.nature.com/news/2010/100728/full/466554a.html (Zugriff 4.11.2013)

http://www.nature.com/nature/journal/v466/n7306/full/466531a.html
http://www.nature.com/news/2010/100728/full/466554a.html
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Saharan Africa (Alexandratos and Bruinsma 2012). In net terms, the area harvested is expected to in-
crease by about 140 million ha as a result of the reduction of fallow land and multiple cropping. This 
still leaves 1.3 billion ha of uncultivated, arable land in 2050 (Alexandratos and Bruinsma 2012). For 
Switzerland, it is predicted that a maximum of 1% of the agricultural land in mountain areas will be-
come arable each year due to climate change (Kopainsky, Flury et al. 2013). Another study created 
economic land use models (forest and summer pasture) in the alpine region around Visp for the year 
2080, assuming EU prices. This study concluded that the productivity of summer pastures is increas-
ing, but the management is less profitable. Thus, a decreasing summer pasture area must be expec-
ted, which will be replaced by forest rather than by other agricultural production (Briner, Elkin et al. 
2012).

7.2.1 International trade 

Net imports for cereals will almost double in developing countries, rising from 116 million tonnes in 
2005/2007 to 196 million tonnes in 2050. The self-sufficiency rate of these countries will drop from 
92.3% to 90.2% in this period (Alexandratos and Bruinsma 2012). Food exports in 2050 will mainly 
come from Latin America (25 million tonnes), Europe and North America. South Asia will achieve a 
roughly balanced trade situation. East Asia will be able to export rice, but will be dependent on imports 
of wheat and other grains (Alexandratos and Bruinsma 2012).

7.2.2 Food price development 

Climate change will further increase food prices by 2050. Increases of up to 105% for maize, 30-80% 
for rice and 40-60% for wheat are expected (Nelson, Rosegrant et al. 2010). With perfect measures to 
adapt to climate change, prices would still rise by about 19% for rice and about 33% for maize (Nel-
son, Rosegrant et al. 2010). Various factors influence price developments and agricultural trade: Pro-
duction in the USA is central to the supply of maize and soy. But a prolonged drought, e.g. in South-
east Asia, could also reduce the supply of wheat, rice and maize and increase prices (Nelson, Rose-
grant et al. 2010). Price drivers will also be production costs, e.g. increases in price and price volatility 
are expected for fertilisers (nitrogen and phosphorus) (BLW 2010).

7.2.3 Meat 

Meat production and consumption will increase globally by about 1.3% per year. This trend will be 
stronger in developing countries than in other countries, with a 1.7% increase in production and 1.8% 
increase in consumption per year. If Brazil and China, which have already increased their meat con-
sumption in the past, are not counted as developing countries, then meat production and consumption 
will increase by as much as 2.4% per year (Alexandratos and Bruinsma 2012). Also in 2050, as in 
2005/2007, the industrialised countries together with Brazil will be the largest net exporters of meat. 
Exceptions to the industrialised countries are Japan and Russia, which will still import meat (Alexan-
dratos and Bruinsma2012).

7.2.4 Milk 

Milk consumption will increase globally by 1.1%, in developing countries by 1.7% per year. The largest 
increase in consumption and production will be in Sub-Saharan Africa and South and East Asia, with 
over 2% growth per year until 2030. Developed countries will continue to be net exporters and devel-
oping countries (mainly East Asia, except Latin America) net importers (Alexandratos and Bru-
insma2012).
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7.2.5 Legumes 

Average legume yields are projected to double from 0.8 t/ha (2005/2007) to 1.6 t per ha in 2050. Global 
per capita consumption is expected to increase by 15% by 2050. This development will be more pro-
nounced in developing countries, especially in sub-Saharan Africa, than in industrialised countries. De-
veloping countries will produce about 70% of the world's soy in 2050. The largest share (90%) of this 
production will come from Brazil, Argentina, China and India (Alexandratos and Bruinsma 2012).

7.3 Role of Swiss agriculture 
The Swiss population will grow from 8.6 million (2025) to approx. 9 million people (2050) (FOAG 2010). 
At the same time, agricultural land will decrease in favour of settlement land. The REDES study as-
sumes that food imports will increase by almost 30%. At the same time, the degree of self-sufficiency 
will drop to about 50%. A shift from crop production to animal husbandry (especially poultry produc-
tion) is predicted domestically. This will reduce nitrogen losses, ammonia emissions and CO2 equivalent 
emissions. However, the total emission of CO2 equivalents (including CO2 equivalents of imports) will increase. In 
terms of yield potential, an increase of 0.5% per year is expected for all crops, with no change in min-
eral fertiliser use (Kopainsky, Flury et al. 2013). Overall, it is required that agriculture contributes to se-
curity of supply. The vision for the year 2025 should take the following aspects into account:

"The Swiss agricultural and food sector meets the needs of consumers and the expectations 
of the population with economically successful, ecologically optimal and socially responsible 
food production". (FOAG 2010).

In addition, the livelihood of people must be secured, animal welfare must be observed, and the de-
centralised settlement of the countryside and cultivated landscapes must be preserved (BLW 2010).

A variety of export opportunities exist for high-quality products that are representative of Switzerland. 
The negotiated free trade agreement with China could open up new export opportunities for agricul-
tural quality products. One example of the successful export of Swiss quality goods is the global trade 
in cheese. This increased by CHF 70 million (+15%) from 2002 to 2012 (FOAG 2013). However, if the 
Doha Round is concluded, export refunds for processed products ('Schoggigesetz') would have to be 
abolished and border protection greatly reduced (FOAG 2010). In addition, the development of the 
global economy plays a decisive role. In its report 'Agriculture and Food Industry 2025', the FOAG has 
drawn up three scenarios which assess the influences on individual areas of Swiss agriculture, taking 
into account global economic developments.

Scenario 1: Continuous growth: Continuous growth of the global economy requires stronger 
measures in the areas of natural livelihoods, landscape and animal welfare. Demand and willing-
ness to pay for these services is increased and security of supply is ensured through imports. Com-
petitiveness is under pressure as prices fall internationally, necessitating increased funding for ac-
companying measures (FOAG 2010).

Scenario 2: Manageable scarcity: If raw materials become rather scarce on the world market, meas-
ures must be taken in the area of supply security. The international price level and thus the competit-
iveness of Swiss agriculture is higher than in scenario 1 (FOAG 2010).

Scenario 3: Permanent instability: In the event of permanent instability of the international markets 
due to crises and disasters, measures in the area of supply security must be strengthened again com-
pared to scenario 2. Import dependency must be reduced through shortages and increases in the 
prices of raw materials, means of production and resources. Border protection would be reduced in or-
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der not to burden consumer prices. Less financial resources would be available for the areas of nat-
ural resources, landscape and animal welfare (FOAG 2010).

7.4 Sector development of organic production 
The organic sector has an important share of the Swiss market for agricultural products. Certified or-
ganic agriculture was practised in 160 countries on an area of 37 million ha in 2010. Leading countries 
in organic farming are Australia (12 million ha, 2009), Argentina (4.2 million ha, 2009) and the USA (19 
million ha, 2008) (FiBL and IFOAM 2012). In Switzerland, approximately 11.6% (121,788 ha) of the 
agricultural area is managed organically (BFS 2012). 11.3% of all farms in Switzerland are organic 
(BioSuisse 2013). With a per capita consumption of about CHF 230, the Swiss population is one of the 
leading consumers of organically grown products worldwide (FiBL and IFOAM 2012, BioSuisse 2013). 
Also in 2012, a growth of 5.3% and a total turnover of 1.8 billion CHF were recorded in the Swiss re-
tail trade. CHF were recorded in the Swiss retail trade. Even now, the demand for organic products 
based on arable crops can no longer be met by domestic production (FOAG 2012). The share of or-
ganic production in Switzerland's agricultural land is rising steadily and reached approx. 12% in 2012 
(FOAG 2013).

7.5 Conclusion for plant breeding 
The need for increased production on only marginally increasing agricultural land requires a sustain-
able increase in production globally (The Royal Society 2009, Nature 2010, Noleppa and von Witzke 
2013). Plant breeding will play a fundamental role in this. The demands on Swiss agriculture are also 
great: in addition to efficient, ecological production of high-quality products, security of supply is also 
coming into focus. Imports of food, fertiliser and animal feed are subject to price fluctuations depend-
ing on the development of the global economy. Food prices in particular are likely to become more ex-
pensive (Nelson, Rosegrant et al. 2010). Depending on the scenario, it is of interest to reduce the de-
pendence and quantity of these imported goods (FOAG 2010). Nutrient-efficient varieties can also 
make a contribution here. On the export side, the increasing consumption of dairy and meat products 
is likely to be of interest to Switzerland (Alexandratos and Bruinsma 2012).
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8 Consumption and purchasing power 
The two most important factors influencing consumption are population size and consumer income. 
Due to population growth, total per capita consumption and meat consumption (demand +1.1% per 
year) are expected to increase in the first half of the 21st century (Alexandratos and Bruinsma 2012). 
The increase in consumption of cereals, tubers, sugar, vegetable oils, meat and milk of up to 20 kg per 
person per year is driven more by an increase in developing countries than in industrialised countries 
(Alexandratos and Bruinsma 2012).

Despite falling growth rates in terms of population growth, the Swiss resident population will also rise 
from 7.8 to 8.6 million today (FSO). In line with the forecast global trend, the Swiss economy will also 
grow until at least 2025 (FOAG 2012). However, as purchasing power increases, the proportion spent 
on food will decrease. In the future, consumers will attach greater importance to diverse and high-qual-
ity food.

8.1 Development of purchasing power in Switzerland 
Purchasing power indicates which services can be used or which goods can be bought with a certain 
income (ICONOMIX 2013). According to an international wage comparison, gross wages have in-
creased worldwide since 2009. No less than two Swiss cities (Zurich and Geneva) are in the top two 
positions, followed by Luxembourg, reflecting Switzerland's high wage level (UBS 2012). Despite the 
high wages, the European comparison of purchasing power only shows a positioning in sixth place 
due to the simultaneously high price level of consumer goods (+15% to 50%) (Schöchli 2012). Despite 
the rising prices for services and products, the purchasing power of the Swiss population has increased 
steadily over the last 100 years. While the share of household expenditure on food was still 38.8% in 
1921, it is now only 6.8% (ICONOMIX 2013).

For the future, forecasts point to a further increase in purchasing power in Switzerland. If we look at 
the three future scenarios considered and discussed by the FOAG ("manageable scarcity", "perman-
ent instability" and "continuous growth", see Chapter 6), the purchasing power of consumers in Switzer-
land is not expected to decline in the future either (FOAG 2012). It will continue to rise (Scenario 1 and 
2) or stagnate (Scenario 3).

8.2 Consumer behaviour 
Studies on the consumption of the Swiss population have shown that the total amount of food con-
sumed has changed little over the last 30 years. However, if we look at individual food groups and the 
average consumption per capita and year, changes in consumption behaviour have certainly occurred 
(Fig. 18).
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Figure 18: Changes in the average consumption of different food groups between 1980 and 2008 in Switzerland. Fig-
ures in kg per capita and year, including percentage change. (Data source: FOPH (2012)). 

Cereals as a staple food continue to play an important role as a nutritional basis with constant con-
sumption, even forming the most important food group ahead of vegetables on the basis of usable food 
energy (SBV 2012). The consumption of vegetables has increased over the last 30 years (+15.6%). In 
particular, the consumption of mushrooms (+30.0%), imported canned vegetables (+30.7%), fruiting 
vegetables (+26.5%), leafy stem and leafy vegetables, salads (+20.7%), onion (18.2%) and cabbage 
(13.5%) has increased significantly to date, while the consumption of root and tuber vegetables has 
decreased by 23.5%. The reduced consumption of fruits mainly concerns locally grown fruits such as 
apples (-45.5%), pears (-51.5%) and cherries (-87.0%). In contrast, the consumption of fruits produced 
abroad, such as bananas (+5.7%) and pineapples (+57.1%), has increased (BAG 2012). The increase 
in the consumption of oils and fats is mainly due to an increased consumption of oils and fats of veget-
able origin, while the consumption of animal fats has steadily decreased. Reasons for this trend may 
be, on the one hand, the health benefits of vegetable unsaturated fatty acids in human nutrition (see 
case study rapeseed in chapter 1). On the other hand, vegetable fats are a cheaper alternative with 
the same quality in the area of industrial food production (e.g. taste, shelf life, diversity of application, 
melting point, etc.).

8.3 Food production and self-sufficiency 
Switzerland's degree of self-sufficiency is between 50 and 60% (FOAG 2012). According to various 
current political initiatives, there is a desire to increase it even further. The degree of self-sufficiency 
depends very much on the respective product. While domestic cheese and milk production enable na-
tionwide supply and even additional exports, the demand for vegetables, fruits, eggs, oil and other 
foodstuffs and raw materials cannot be met. Switzerland is almost entirely dependent on foreign mar-
kets for its fish supply, but can cover 94% of its meat requirements itself (2010). Although Switzerland 
has a strong domestic feed production, the dependence on feed grains and legumes will continue to 
increase in the future (SBV 2012).

Although there was an increase in consumption (energy equivalents) of almost all plant food groups 
between 2000 and 2010, this effect was not reflected in domestic production, resulting in a decrease 
in their share (SBV 2012). The share of the food group in total consumption (energy equivalents) is 
given as a percentage. Domestic production (energy equivalents) in the area of cereals has decreased 
by 1%. That of vegetable fats and oils showed no change. Compared to the year 2000, 26% of the en-
ergy equivalents of the fruit consumed no longer originate domestically (SBV 2012). In comparison, 
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the domestic production (energy equivalents) of consumed animal foods increased by 3% on average 
from 2000 to 2010. Domestic production of meat and dairy products increased by 3% and 6% respect-
ively, whereas there was no change in domestic egg, fish and seafood production. The largest de-
crease was in the domestic production of animal fats (-51%, 2000-2010) (SBV 2012).

8.4 What is important to the Swiss consumer 
The ideas of the consumer's criteria regarding their food are probably as diverse as the consumers 
themselves. In addition to origin, financial condition, education and age, personal appreciation or ad-
ded value of each individual also play a role in the evaluation of food consumption (SBV 2012). The 
three most important criteria when buying food are price, origin and quality, which are weighted differ-
ently depending on the product (SBV 2012). Another important aspect when buying food is the shelf 
life of the product. Taste also plays a not insignificant role in the choice of product and often trumps 
the health aspect (SGE 2012). Today, taste is once again being given greater consideration in breed-
ing in order to meet the customer's requirements, e.g. in the case of tomatoes175 .

8.4.1 Trust and prices 

Looking at consumer sentiment in Germany, Austria and Switzerland in general, it is at a relatively high 
level and above the European average despite a weak economy, slowing production performance in 
Asia or even the debt crisis in Europe. While all three countries show increasing consumer confidence, 
it is especially the Swiss consumer who shows the greatest confidence in the products produced and 
consumed there (The Nielson Company 2010, The Nielson Company 2011).

Food prices are an important factor in household budgets. While concerns about possible economic 
crises are becoming less prominent, concerns about rising food, fuel and also utility costs (electricity, 
gas, etc.) have been shown to be increasing globally, particularly in Asia and the Pacific (The Nielson 
Company 2011). Studies have shown that today's consumers are increasingly critical of food supply 
and product prices. Price reductions do not necessarily contribute to consumer confidence or satisfac-
tion. On the one hand, the price reductions despite rising energy and raw material prices in recent 
years suggest that ultimately food of lower quality is produced and offered. On the other hand, it is also 
assumed that higher food prices do not necessarily mean added value for the customer, but are rather 
intended to expand the producer's or trader's profit margin (Hauser 2012). The price-performance ra-
tio must therefore be appropriate and comprehensible for the consumer. Only then is he willing to pay 
a corresponding price for a product. Despite the high producer and consumer prices of +40 to 50% 
compared to other European countries, the consumer is willing to bear these costs, provided the quality 
is high and meets the consumer's wishes (BLW2012).

Sustainable consumption also includes the marketing and use of regional products. Resources, e.g. fuel, 
and long transport routes can thus be saved. Swiss products are already highly valued by local con-
sumers. In a survey, more than half of the respondents said they would be willing to pay a higher price 
for Swiss products or other high-quality products. Most would tolerate a premium of up to 20% for a cor-
responding product (Abele and Imhof 2009).

175 http://online.wsj.com/article/SB10000872396390443507204578020282552652210.html (Zugriff am 25.11.2013)

http://online.wsj.com/article/SB10000872396390443507204578020282552652210.html
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8.4.2 Consumers and the value chain 

Through the consumption of consumer goods, consumers have a direct influence on food production 
and the production systems that are located at home and abroad. These, in turn, can be influenced 
and sustainably changed by consumers through targeted strategies and requirements (FOAG 2012).

In addition to the origin 'regional' and the growing conditions 'organic' or ecologically oriented agricul-
ture, consumers are also increasingly focusing on global aspects of the value chain, e.g. the working 
conditions of employees under the 'Fair Trade' label (BLW 2012, Hauser 2012). For example, sales of 
fair trade products under the Max Havelaar label have increased from CHF 84 million (2001) to CHF 
375 million (2012) (Max Havelaar Foundation 2001, Max Havelaar Foundation 2012). However, the 
consumer's conscious perception of the value chain is strongly dependent on the product and its de-
gree of processing. For example, in the case of eggs, consumers pay a great deal of attention to the 
origin, whereas this sensitivity declines sharply in the case of processed products (e.g. pasta) 
(SBV2012).

8.4.3 Consumers and health 

In addition to environmentally conscious, economic and social sustainability, health also plays an im-
portant role in food consumption. Here, the consumer is not only faced with the question of the origin, 
production and composition of healthy food. The manner of consumption should also accommodate a 
healthy diet and at the same time be easy to integrate into the daily routine (Hauser 2012). The pop-
ularity of industrial and fresh ready meals, light products and functional foods ('functional food', en-
riched with additional ingredients) increased strongly in Switzerland and Germany until the 1990s 
(Hauser 2012). However, at least for industrially produced convenience foods, the trend since then has 
been that these will become less and less a part of a healthy eating culture. Especially for quick food 
intake, e.g. for on the go, 'ready meals' based on fresh raw materials and timely production form an 
important product group. Healthy and 'almost' fresh meals should be able to be integrated into the daily 
routine as efficiently as possible. Consumption trends assumed by the FOAG assume that out-of-home 
consumption and the supply of all kinds of convenience products will increase or at least stagnate 
(Hauser 2012).

8.5 The future consumption of food in Switzerland 
The high financial prosperity of the Swiss population, which will continue in the future, will result not 
only in rising calorie consumption and food requirements but also in increasing demand for feed and 
plant-based raw materials. The high per capita consumption of meat and dairy products will continue 
to be ensured by the use of high-performance breeds, whose energy needs must be met with high-
quality, protein-rich feeds. Breeding as well as crop production will in future give greater consideration 
to alternative crops, such as soya, in order to be able to cover domestic protein and feed requirements 
increasingly through their own production again. The consumption of cereals will remain relatively con-
stant in the future. The demands for high quality and suitability for use in the processing industry will 
be important requirements that breeders and crop farmers will have to take into account. In the veget-
able sector, a certain variety will be expected in addition to high quality.

In order to cope with the increase in the population and to maintain the level of self-sufficiency, sus-
tainable production, but also consumption patterns have to be developed. This requires the active and 
consumption-conscious participation of the population. For a change in consumption behaviour, it is 
important that the consumer knows or can assess the economic, social and ecological impacts of his 
or her own consumption. Only if the consumer is able to understand the added value of a product can 
he contribute to its improvement and is also willing to bear additional costs on his own initiative.
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9 Cooperation models in breeding 
Cooperation models in plant breeding in the form of mutualistic division of labour between state and 
private actors on the one hand and international division of labour on the other, contribute significantly 
to ensuring innovation, progress and success in breeding in the long term. They are therefore central 
elements in securing the nutritional basis of a growing world population. For this reason, the following 
section will describe the types of cooperation models that exist in the international environment, the 
role of the individual actors and the ways in which they can benefit from cooperation.

The organisational form of cooperations is very diverse and ranges from projects between private-sec-
tor companies (private-private) or research institutions (public-public) to complex international entities 
with numerous participants from breeding companies, research institutions and other project partners 
whose 'know-how' is bundled and optimally used. The main objectives of cooperation models are the 
promotion of research and innovation in plant breeding, the transfer of technology and know-how from 
basic sciences to applied breeding, the use of synergies and the creation of educational and know-
ledge platforms (Fig. 19). It can be seen that it is mainly small and medium-sized enterprises that can 
strengthen their competitiveness vis-à-vis the key players on the market through suitable cooperations.

Figure 19: Schematic representation of the form and content of successful cooperation models in plant breeding. 

9.1 Research programmes 
Probably the most fundamental form of cooperation is the association of public and private institutions 
to promote research in the field of plant breeding. This form of cooperation arose from the increasing 
commercialisation of agriculture and the privatisation of the associated research. Today, it forms an 
important model for partial funding of public research, technology transfer and method development. 
It takes place at national and international level (van Elsen, Ayerdi Gotor et al. 2013).
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In Germany, public-private breeding research is concentrated in the 'GABI' initiatives and now in the 
'PLANT 2030' projects. In France, the 'GENOPLANTE' programme has been the main interface 
between government basic research, biotechnology and private breeding for the last 10 years176. There 
have also been joint 'GABI' - 'GENOPLANTE' projects. GENOPLANTE' is now replaced by the 'GIS 
BV' platform177. 178AMAIZING' and 'BREEDWHEAT' belong to the GIS projects. These are public-
private projects that bring together 24 and 26 partners respectively from several public research sta-
tions, private companies and some technical institutes. In a public-private project of 'FSOV', institu-
tions such as CETAC (Caussade Semences, Ets Lemaire Deffontaines, Sarl Adrien Momont et fils, 
Saaten Union Recherche, Secobra Recherches) and NIAB cooperate for the performance stability of 
179hybrid wheat.

9.2 Innovation and technology platforms 
The 'PLANT-KBBE' funding initiative 'Food and Feed: Crop Yields and Food Safety in the Context of 
Climate Change' is intended to initiate further transnational research projects between Germany, 
France, Portugal and Spain. In addition, already existing cooperations between industry and science 
are to be deepened and further developed (BMBF 2012). One example of this is the 'RNAguard' con-
sortium. It consists of the IPK Gatersleben, Martin Luther University Halle-Wittenberg, KWS Saat AG, 
INRA Rennes/Ploudaniel, INRA, Bayer CropScience and the University of Cordoba. The innovation 
'host-induced gene silencing', patented by IPK Gatersleben and Bayer CropScience, explores new de-
fence possibilities of plants against various fungi and oomycetes. The project is mainly funded by 
PLANT-KBBE (WheatInitiative 2012).

Furthermore, the Bioeconomy Council in Germany, for example, has suggested the creation of tech-
nology platforms for genome research, phenotyping and for the integration of high-dimensional data, 
as well as the formation of competence centres (BioÖkonomieRat 2010).

Cooperation between animal and plant breeding is also possible: 'Synbreed' is an innovation cluster 
that develops knowledge in genetics and new technologies in animal and plant breeding. The network 
was initiated by the BMBF180 181and is led by the Technical University of Munich.

9.3 Knowledge and technology transfer 
As important as research and technology development itself, is the transfer of knowledge and techno-
logy inter- and transdisciplinary between different cooperation partners. This is an important contribu-
tion to ensuring that the knowledge gained is incorporated into practical applications and that further 
progress is made. The UK government is investing around £60 million in a platform to support prac-
tical innovation and spin-off projects (HM Government UK 2013). The aim is for high-quality research 
to result in practical application and economic benefit. The aim is to close the gap between industry 
and research and promote cooperation (The Plant Innovation 2009, HM Government UK 2013). Ef-
forts in this regard are also underway in Germany. Projects that investigate the effects of different plant 
breeding innovations in different farming systems are supported, for example, by the IPAS funding initi-

176 http://www.genoplante.com/ (accessed 1.11.2013)
177 http://gisbiotechnologiesvertes.com/en/ (accessed 3.12.2013)
178 http://breedwheat.fr/ and http://amaizing.fr/ (accessed 3.12.2013)
179 http://www.fsov.org/utilisation-selection-bles-synthetiques.html (accessed 1.11.2013)
180 http://www.synbreed.tum.de/ (accessed 1.11.2013)
181 http://www.synbreed.tum.de/ (accessed 1.11.2013)
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http://breedwheat.fr/
http://amaizing.fr/
http://www.fsov.org/utilisation-selection-bles-synthetiques.html
http://www.synbreed.tum.de/
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ative182. Another approach is being taken by Michigan State University, which has been running a bean 
breeding programme since 1980. By harnessing technology in breeding, such as through the 'Bean-
CAP project183', it has been calculated that the investment results in 0.7 to 2.2 times profit (Maredia, 
Bernsten et al. 2010).

9.4 Use of synergies through cooperation 

9.4.1 Use of synergies through the exchange of breeding material 

The cooperation of private companies with universities and other public institutions also includes the 
collection, description, exchange and conservation of genetic resources for breeding184185. An impress-
ive example of this is the Scandinavian cooperation 'Nordic Genetic Resource Center' (NordGen). In 
2010, the Scandinavian countries identified insufficient attention to pre-breeding after an analysis of 
their plant breeding (Nilsson and von Bothmer). As in Switzerland, there were no public-private re-
search programmes to support breeding in Scandinavia at that time. In the NordGen consortium, an 
extensive public-private cooperation (4 universities, 9 companies, Scandinavian ministries of agricul-
ture) is now to support the development of plant material adapted to northern climates (Rasmussen). 
In a first phase (2011-2013), projects were initiated for barley, apple and ryegrass. CHF 1.28 million (8 
million Danish kroner, 50% privately financed) is available for this purpose. A platform for fruit and 
berry breeding is to be established. As a first project, apple diseases will be investigated using phen-
otypic and genotypic

evaluations are being investigated. In barley, the focus is on improving disease resistance and devel-
oping molecular markers. In ryegrass, the aim is to expand genetic diversity in existing breeding pro-
grammes. To this end, breeding material and various accessions from genebanks are phenotyped, as-
sociated with genetic markers and exchanged among the cooperation partners (Rasmussen 2013).

9.4.2 Use of synergies through joint biotechnology laboratories 

By outsourcing the development and application of molecular markers and other biotechnological pro-
cesses to specialised companies, direct synergies between cooperation partners can often be ex-
ploited. Activities such as identification of QTL and genes186, production of double haploids187 or cre-
ation of crosses188 can be outsourced as service contracts to specialised companies, which are often 
affiliated with breeding companies. Some examples of the use of direct synergies in plant breeding are 
presented below:

Saaten Union GmbH was founded in 1984 by seven medium-sized German plant breeding compan-
ies to operate a joint resistance laboratory. In 2009, this was renamed Saaten Union Biotec GmbH and 

182 http://www.bmbf.de/foerderungen/20210.php (accessed 10.10.2013)
183 http://www.beancap.org/ (accessed 4.12.2013)
184 http://www.cropscience.bayer.com/en/Magazine/Creating-Tomorrows-Commitment/Creating-Tomorrows-Wheat-Part-2.aspx (accessed 29.10.2013)
185 http://www.monsanto.com/products/Pages/wheat.aspx (accessed 29.10.2013)
186 http://www.keygene.com/products-tech/ (accessed 29.10.2013)
187 http://www.saaten-union.de/index.cfm/nav/496/article/952.html (accessed 29.10.2013)
188 http://europlant.biz/kompetenz/ (accessed 29.10.2013)
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today offers services in molecular genetics and tissue culture. Saaten Union GmbH distributes the vari-
eties of its shareholders and, according to its own information, offers a full range189 .

The Israeli company Evogene is working with Bayer CropScience to identify gene regions that respond 
to external stress. The Australian Commonwealth Scientific and Industrial Research Organization 
(CSIRO) is responsible190 for nitrogen and phosphorus efficiency at Bayer CropScience.

Dutch vegetable breeding companies, including Enza Zaden and Rijk Zwaan, founded Keygene in 
1989 to carry out molecular genetics activities191.

9.4.3 Use of synergies through joint marketing 

Cooperations for the joint marketing of varieties are mostly international and often involve Switzerland. 
In Switzerland, for example, Varicom markets Agroscope's apple, pear and apricot varieties under an 
agreement with the FOAG. Internationally, marketing is ensured by German (Artevos), French (Mon-
dial Fruit Selection) and Italian cooperation partners (Konsortium Südtiroler Baumschulen)192.

In Germany, Rapool was founded in 1974 as a community of medium-sized plant breeders NPZ, 
Deutsche Saatveredelung AG (DSV) and Gebrüder Dippe (from 1978 with W. von Borries-Eckendorf 
GmbH & Co. KG). The aim is the development and joint marketing of hybrid rape varieties in all qual-
ity segments of the market193.

Club systems and communities of interest in today's apple growing and selling are used to market cer-
tain varieties by means of brand names and an exclusive strategy. Every step of the value chain, from 
breeding to sales, is regulated by the variety club. The brand name and variety are protected through 
contract production and licensing agreements. Through this protection, breeding programmes can be 
financed and maintained194. Producers and traders have founded the company Inova Fruit in Holland 
with government support. In a first step, the company analysed consumer preferences, in a second 
step, it tested suitable varieties and thirdly, it selected four varieties that are consistently cultivated 
through the club system (Helfenstein 2005). The club system is a relatively new cooperation model 
that is intended to enable long-term, economic apple production at reasonable prices through quantity 
control and quality assurance.

9.5 Knowledge and education platforms 
In order to form platforms of interest and knowledge, the plant breeding companies in Germany have 
joined together to form further associations in the environment of the BDP. The Association for the 
Promotion of Private German Plant Breeding (Gemeinschaft zur Förderung der privaten deutschen 
Pflanzenzüchtung e. V.). (GFP) assumes a key function in German plant breeding: it is responsible for 
the organisation and coordination of national and European research projects in the precompetitive 
area. It also represents the interests of plant breeders at national and European level (GFP 2011). The 
Gesellschaft für Pflanzenzüchtung e.V. (GPZ) is a scientific professional society with over 800 mem-
bers. Every two years, a scientific congress is organised on current plant breeding topics. In between, 

189 http://www.saaten-union.de/index.cfm/action/wueu/nav/46.html (accessed 1.11.2013)
190 http://www.cropscience.bayer.com/en/Magazine/Creating-Tomorrows-Commitment/Creating-Tomorrows-Wheat-Part-2.aspx (accessed 29.10.2013)
191 http://www.keygene.com/about-us/ (accessed 1.11.2013)
192 http://www.varicom.ch/cms/index.php?kat=24 (accessed 13.12.2013)
193 http://www.rapool.de/ (accessed 1.11.2013)
194 http://www.lid.ch/de/medien/mediendienst/artikel/infoarticle/11559/ (accessed 12.12.2013)
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conferences and workshops are held to address specific issues in areas such as biometrics, genome 
analysis, resistance breeding or the history of plant breeding 195.

9.6 Participatory breeding 
Participatory plant breeding is a special form of cooperation between local partners along the value 
chain of agricultural products. Participatory breeding integrates local crop production requirements and 
social aspects, especially in marginal regions or developing countries. The consideration of crop and 
social needs plays a special role, especially in the management of small farming units (Murphy, Lam-
mer et al. 2005). This approach of cooperation should help to strengthen the economic viability of farm-
ers and regions through the use of locally adapted varieties and genetic diversity (Desclaux 2005, 
Wolfe, Baresel et al. 2008). Conventional varieties are often not suitable for cultivation in organic, but 
also extensive conventional farming, because necessary crop management measures such as fertil-
isation and plant protection cannot be used (Murphy, Campbell et al. 2007). By combining breeding 
'know-how' of public and private calibration facilities with that of farmers and other stakeholders in the 
value chain, the aim is to meet the requirements of all stakeholders and local sites. (Desclaux, Nolot 
et al. 2008, Wilbois 2011). One example is the participatory breeding of durum wheat in France (INRA 
Montpellier), which involves not only the farmer and the consumer but also other organs of the mar-
keting chain (Desclaux, Ceccarelli et al. 2012) and the potato breeding project for phytophthora resist-
ance in Holland (personal communication Monika Messmer, FiBL).

9.7 Training in plant breeding 
In order to be able to continue professional breeding for future-oriented and sustainable crop produc-
tion in the future, targeted training in the field of plant breeding is essential. Well-trained specialists are 
one of the cornerstones of globally competitive plant production. Nevertheless, there is already an in-
creasing lack of conventional plant breeders who work together with agricultural scientists and biolo-
gists to develop breeding advances (CFP 2011, Singh, Prasad et al. 2013). It is important that training 
is adapted to the requirements of modern plant breeding (The Royal Society 2009, BioEconomy Coun-
cil 2010, Tester and Langridge 2010).

9.8 From cooperation model to integrated competence centre 
Through suitable cooperation models, national and international, as well as public and private forces 
can be combined to make plant breeding even more effective and efficient. However, it remains to be 
seen whether the future of plant breeding, which will be increasingly shaped by technological progress, 
will not demand more flexible and holistic approaches. Approaches that integrate research, technology 
development and application, practical plant breeding and training in competence centres. Successful 
examples of such "centres" have so far mostly come from the USA196197 . The most recent example, 
however, is the competence centre "Crop Innovation Denmark - from Genes to Seeds (CID)" from Den-
mark, whose plant breeding environment is quite comparable to Switzerland. Such centres offer an 
ideal platform for successfully initiating and implementing inter- and transdisciplinary approaches in 
plant breeding. In addition, it is possible to react more quickly and efficiently to exogenous influencing 
factors (new crop species, new breeding objectives, new methods and technologies). The critical mass 
of multidisciplinary experts in such centres is a prerequisite for knowledge exchange and training, so 
that well-trained future generations can face the challenges in plant breeding.

195 http://gpz-online.de/home/portrait/ (accessed 1.11.2013)
196 http://www.plantbreedingcenter.ncsu.edu/index.html 
197 http://plantbreeding.illinois.edu 
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10 Synthesis 
The cultivation areas of the main Swiss crops are stagnating; the cultivation of forage crops and here 
in particular grassland systems is gaining in importance. Within the main crops, wheat takes on a prom-
inent role - especially due to the high baking quality for bread wheat developed in Swiss breeding pro-
grammes. The extraordinary importance of product quality - as opposed to yield - can be illustrated by 
the example of oilseed rape, which, through targeted efforts in breeding, went from being a less im-
portant crop to one of the most important in Central Europe within a short period of time. The cultiva-
tion of vegetables, fruit, legumes, wine and special crops generates a high value added in Switzerland 
compared to the main crops. The example of soybean shows that forward-looking Swiss breeding pro-
grammes have succeeded in modifying plant quality in such a way that it has been possible to build 
up a range of varieties that is interesting at European level. Similar developments are conceivable in 
Switzerland for a large number of other crops that are also not cultivated on a large scale. Against the 
background of the increasing quality awareness of customers, against the background of the demand 
for locally and environmentally friendly produced food and semi-luxury foods, these are favourable 
conditions for increased promotion of national breeding efforts.

Advances in very different technological fields - from cultivation technology to food processing - are 
bringing about a dynamic change in breeding goals. In the coming decades, the main aim is to gen-
erate more efficient crop production systems. In other words, it is necessary to realise crop plants that 
can achieve high and relatively safe yields with lower amounts of fertilisers, herbicides and irrigation. 
Switzerland could face this challenge to a very special extent, as it is already required to further de-
velop the spectrum of nationally cultivated varieties due to the changes in cultivation conditions to be 
expected in the course of global climate change. In future, the absolute level of yield will be less relev-
ant in breeding programmes than the certainty of achieving a comparatively high yield in extreme cli-
matic situations - especially heat and drought. More efficient use of nutrients and water will therefore 
become an important complex of goals in plant breeding programmes. Of course, resistance to dis-
eases and pests will also continue to play a prominent role, especially since the spectrum of pests and 
pathogens will also change with the changing climate.

These challenges are also being faced by neighbouring European countries; especially in the area of 
wheat and maize breeding. In the coming decades, it will also be important for Switzerland to be pro-
active in the further development of these and/or other crops and to meet farmers' need for a reliable 
income and, equally, customers' need for high-quality food produced to high standards. Value can then 
be added not only by cultivating the crops in one's own country, but also to a considerable extent by 
selling the seeds and by transferring knowledge about the production of these seeds abroad. Since 
animal production will continue to play a prominent role in Swiss agriculture in the future, fodder plant 
systems in particular are of enormous importance here.

Public funding for plant breeding is stagnating worldwide, while investment in private breeding is in-
creasing. This harbours the danger that only those crops will be bred that bring the necessary return 
on investment on the market, and thus the spectrum of bred crops will be reduced. The state can in-
tervene directly here by financing breeding programmes for crops that cannot be cultivated profitably. 
Government investment in the breeding of niche crops can yield good returns; however, it is essential 
to run such programmes over the longer term to ensure continuity.

In neighbouring countries, breeding is supported mainly indirectly through funding and research pro-
grammes. Examples of this are given in the text for funding programmes in Germany, France and at 
the European level (PLANT 2030, Wheat Initiative, BREEDWHEAT, etc.). Such large programmes of-
ten aim to develop innovative and cost-intensive technologies for plant breeding. The main beneficiar-
ies of these programmes are medium-sized to small breeding companies, which thus gain access to 
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these technologies. The use of state-of-the-art technologies and molecular methods in plant breeding 
has increased very strongly, and it is to be expected that technology development will play a key role 
in the future development of plant breeding.

Through suitable cooperation models, national and international, as well as public and private forces 
can be combined to make plant breeding even more effective and efficient. However, it remains to be 
seen whether the future of plant breeding, which will be increasingly shaped by technological progress, 
will not demand more flexible and holistic approaches. Approaches that integrate research, technology 
development and application, practical plant breeding and training in competence centres. Such 
centres offer an ideal platform to successfully initiate inter- and transdisciplinary programmes in plant 
breeding and to implement the development of new varieties. In addition, it is possible to react more 
quickly and efficiently to exogenous influencing factors (new crop species, new breeding objectives, 
new methods and technologies). The critical mass of multidisciplinary experts in such centres is a pre-
requisite for knowledge exchange and training, so that well-trained future generations can face the 
challenges in plant breeding.
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12 Appendix I: List of interviewees 

Date 
(2013)

Interviewee Institution Field of activity Interviewer

15.7 Bernadette Julier INRA, Unité de 
Recherche 
Pluridisciplinaire Prairies 
et Plantes Fourragères 
(URP3F)

Project manager B. Studer

20.8 Emmanuel Guiderdoni CIRAD-INRA-SUPAGRO Team Leader Plant 
Breeding

A. Dog

20.8/31.
1

Beat Boller Agroscope, EUCARPIA Forage crops A. Dog/L. 
Last

20.8 Elisabetta Frascaroli Università di Bologna Plant breeding A. Dog

9.9 Meinrad Müller swisssem Managing Director B. Cellar

11.9 Hans Winzeler DSP Wheat B. Cellar

19.9 Monika Messmer FiBL Organic breeding A. Dog

29.8 Lukas Aebi FENACO L. Last

Sep Simon Briner BLW Ch. Grieder

1.1 Markus Kellerhals Agroscope Apple B. Cellar

3.1 Amadeus Zschunke Sativa Rheinau Vegetables B. Cellar

7.1 José Vouillamoz Agroscope Medicinal and aro-
matic plants

B. Cellar

2.1 Peter Latus BLW Certification, plant 
and variety protection

L. Last

2.1 Thomas Nemecek Agroscope Life cycle assessment L. Last

3.10 Jürg Hiltbrunner Agroscope Variety testing L. Last

7.10 Robbie Girling (FP7, 
COBRA)

Organic Research Centre Field crops and agro-
forestry

L. Last

8.1 Fabian Birbaum ETHZ Food Process Engin-
eering

B. Cellar

10.1 EU Direct Contact 
Centre

EU EU catalogue of vari-
eties

L. Last

10.1 Markus Johann Bioverita Organic breeding L. Last

15.1 Emmanuel Frossard ETHZ Plant nutrition L. Last, B. 
Keller

15.1 Claude-Alain Bétrix Agroscope Soy B. Cellar

15.1 Lilia Levy Häner Agroscope Variety testing L. Last

31.1 Bernd Bütter Maisadour Breeder A. Walter

October BDP Association Ch. Grieder

16.1 Daniel Jacob Swiss Association of Mas-
ter Bakers and Confec-
tioners (SBKV)

Quality assurance L. Last
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Date 
(2013)

Interviewee Institution Field of activity Interviewer

16.1 Carole Bonneau CPVO (Common Catalogue of Varieties) L. Last

22.1 Kilian Greter BLW Customs administra-
tion

L. Last

23.1 Sabrina Strochenegger Gottfried Duttweiler Insti-
tute (GDI)

Trend analysis con-
sumption

L. Last

23.1 Michael Siegrist ETHZ, Chair of Consumer 
Behaviour

Consumption L. Last

24.1 Cameron Wagg University of Zurich L. Last

12.11 Klaus K. Nielson DLF Trifolium Fodder plant breeding L. Last

20.11 Lukas Wolters Euro Grass Breeding Fodder plant breeding L. Last

22.11 Simone Meyer Association of Swiss Ve-
getable Producers

Division Manager 
Cultivation Techno-
logy

L. Last

3.12 Tobias Eschholz Maisadour Breeder Ch. Grieder

3.12 Roland Peter KWS Seed AG Breeder Ch. Grieder

3.12 Peter Langridge Australian Centre for 
Plant Functional Genom-
ics

Professorship Plant 
Breeding

Ch. Grieder

3.12 Christian Young Kiel University Professorship Plant 
Breeding

Ch. Grieder

3.12 Volker Hahn University of Hohenheim Breeder Ch. Grieder

3.12 Thomas Miedaner University of Hohenheim Professorship Plant 
Breeding

Ch. Grieder

3.12 Susanne Kohls KWS Seed AG Breeder Ch. Grieder

3.12 Vanessa Windhausen Seeds Union Breeder Ch. Grieder

3.12 Vanessa Prigge Saka plant breeding Breeder Ch. Grieder

3.12 Felix Dreyer North German Plant 
Breeding

Breeder Ch. Grieder
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13 Appendix II: Overview of wheat projects 

Property / Goal Coun-
try

Project / Company Investment 
(million euros 
per year)

Method Source 

Hybrid wheat EN Hy-wheat 0.34 GMO PLANT 2030

Hybrid wheat EN Hywheat 0.85 SNP chip PLANT 2030

Hybrid wheat EN IPK Gatersleben

Hybrid wheat FR FSOV project 0.09 FSOV

Hybrid wheat CIMMYT -

Hybrid wheat Bayer CropScience -

Hybrid wheat Monsanto -

Hybrid wheat Syngenta -

Hybrid wheat KWS Lochhow -

Hybrid wheat Du Pont Pioneer -

Hybrid wheat Saaten Union GmbH -

N-efficiency EN Efficient Wheat 0.45 MAS Wheat Initiative

N-efficiency EN Nitro Sus 0.36 PLANT 2030

N-efficiency FR Various projects 
(FSOV)

0.37

N-efficiency Bayer CropScience -

Eco-efficiency FR Various projects 
(FSOV)

0.31 FSOV

Eco-efficiency Bayer CropScience -

Abiotic tolerance FR BREEDWHEAT 3.78

Abiotic tolerance EN Securing yield and 
quality of cereals under 
drought stress

0.30 Wheat Initiative

Abiotic tolerance EN FroWheat 0.35 SNP chip PLANT 2030 / 
Wheat Initiative

Abiotic tolerance EN Robust Wheat / NOS-
PROUT

0.50 MAS Wheat Initiative

Abiotic tolerance EN Mycorrhizaton 0.06 SNP chip Wheat Initiative

Abiotic tolerance FR Diveres Projects 
(FSOV)

0.59

Abiotic tolerance Monsanto -

Abiotic tolerance Bayer CropScience -

Biotic tolerance EN dsRNAguard 1.33 GMO Wheat Initiative

Biotic tolerance EN EVA I & II; JKI

Biotic tolerance EN ProtectWheat

Biotic tolerance EN Blossom midge 0.08 MAS Wheat Initiative
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Property / Goal Coun-
try

Project / Company Investment 
(million euros 
per year)

Method Source 

Biotic tolerance EN Cereal root 0.50 PLANT 2030

Biotic tolerance CH Agroscope 2.7 As-is analysis

Biotic tolerance FR Diveres Projects 
(FSOV)

3.10 FSOV

Biotic tolerance FR BREEDWHEAT. 0.00

Biotic tolerance Monsanto -

Biotic tolerance KWS Lochhow -

Quality IT High quality durum 
wheat production

- prosementi.com

Quality FR BREEDWHEAT. 0.00

Quality FR Diveres Projects 
(FSOV)

1.00

Quality CH (Agroscope)

Quality Bayer CropScience -

Yield / agronomic 
properties

EN SELECT 0.39 NGS PLANT 2030 / 
Wheat Initiative

Yield / agronomic 
properties

EN VALID 0.76 MAS PLANT 2030 / 
Wheat Initiative

Yield / agronomic 
properties

EN Localization and verific-
ation of wild wheat QTL

SNP chip Wheat Initiative

Yield / agronomic 
properties

FR Diveres Projects 
(FSOV)

0.36 FSOV

Yield / agronomic 
properties

Bayer CropScience -

Yield / agronomic 
properties

Monsanto / BASF -

Herbicide tolerance Monsanto / BASF -

Phenotyping EN High-throughput phen-
otyping of wheat

0.20 Phentoyp-isa-
tion

Wheat Initiative

Phenotyping EN Phenotyping salt and 
drought tolerance

0.18 Phentoyp-isa-
tion

Wheat Initiative

Phenotyping FR Phénome 8.00 Wheat Initiative

Phenotyping FR Diveres Projects 
(FSOV)

0.44 FSOV

Phenotyping -

Geno-phenotyping IT Innovation for sustain-
ability and competitive-
ness (ISCOCEM)

-   


