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Biotechnology makes it easier to develop potato varieties that
are resistant to late blight. This means that farmers do not have
to use as much chemical pesticides. Photo: Scott Bauer, USDA.
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Introduction: We all got it wrong!
When, how and why did the Dialogue Project or, to give it its full name, the KSLA
project “Biotechnology in Plant Production”, start?

For me personally, everything started with a single question and a strong feeling of frustration. The question
was: “Why do people not have the same opinion as I do when it comes to biotechnology, even though they
share with me fundamental values and a strong commitment to protecting the environment and climate?”
The frustration arose from a feeling of talking to deaf ears. “They’re not even trying to listen!” The next
phase in the process, however, was a sudden insight: “Oh, I see – they think the same about me!” Many of
us experienced the same frustration of being on opposing sides of an argument, shouting at each other across
a divide, when our common interests would be better served by cooperation. Given the major challenges
that we are facing with respect to agriculture and food production, we cannot afford to waste resources on
useless conflict.
A previous attempt to create a process of dialogue failed precisely due to this, that the participants were
using the term “dialogue” to mean that the others should shut up and listen while they did the talking.
However, we received new inspiration in 2012 from a seminar at the Royal Swedish Academy of Agriculture
and Forestry (KSLA) discussing the book Tomorrow’s Table with the authors Pamela Ronald and Raoul
Adamchak. This showed that an organic farmer and a scientist working in the field of plant biotechnology
could hold a constructive dialogue in which biotechnology was combined with organic production. This was
highly encouraging. The fact that the two were partners outside of the professional sphere did not make the
case any weaker.
Just imagine what would happen if we tried instead to listen to each other, to really listen to each other’s
most convincing arguments and consider them without trying to force our own ideas onto each other. The
goal would rather be to develop our own point of view and become more constructive in the discussion.
Such a dialogue is difficult to develop in large forums. There is usually not much listening going on at the
conferences and seminars where we often meet to discuss matters. In such situations, it is more often a case
of having one’s own views reinforced and “winning” the debate. This was a discussion that required another
form, another context. The more than 650 fellows of KSLA represent the full width of views concerning
modern biotechnology, from the exclusively positive to the completely negative. From discussions with
various participants, the suggestion arose to collect a group of Academy fellows with different opinions for
an informal discussion in which no-one would represent a particular interest group, while all would make
their contributions based on their own ideas, experiences and perspectives. This was the beginning of the
Dialogue Project.
We have been meeting for just over two years to discuss various aspects of biotechnology in plant production and its significance for society. The project participants have taken turns to be responsible for planning the meetings and designing their form. External experts have been invited to each meeting to present
material from their field of expertise. The discussions have been intense, and certain questions have come
up in almost every meeting.
We started with widely different ideas about biotechnology – and about each other’s ideas. We now leave
the project, still with different ideas, but with much more multifaceted opinions about biotechnology – and
about each other’s ideas. Or – as one participant expressed the matter at our concluding seminar: “We all
got it wrong!”
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We agreed at an early stage that the Dialogue Project was to be documented. This edition of KSLAT
constitutes such documentation. It contains minutes from our various meetings, together with articles by
some of our members and interviews with others. It contains also a unanimous statement about the need for
extensive investment into plant breeding and to determine the role of plant biotechnology in such a development. We present also a unanimous vision, describing what is required for agriculture and horticulture to
be able to meet the challenges they face.
Yes – we all got it wrong. But we were right about certain things. And together we have developed a
significantly more careful and deeper way of viewing biotechnology than each of us had when we started. We
hope that this report will enable us to share the knowledge and insight that we have gained from the project.
Finally, I would like to express our deep appreciation for the funding provided by KSLA, Mistra and
Sveriges Utsädesförening (the Swedish Seed Association) that made the project possible.
Annika Åhnberg
Project leader

Organic farmer Raoul Adamchak and plant geneticist
Pamela Ronald inspired KSLA to set the Dialogue Project
in motion with their book ”Tomorrow’s Table – Organic
Farming, Genetics and the Future of Food”. They claim that
biotechnology can contribute to developing ecologically
sustainable agriculture. Photo: Pico van Houtryve*.
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Unanimous Statement
We who have participated from our various starting points in the KSLA Dialogue
Project “Biotechnology in Plant Production” have reached the insight that neither
unconditional acceptance of modern plant biotechnology nor equally unconditional rejection of it is a reasonable attitude. We must change the way in which
we view plant breeding and plant biotechnology.

Plant breeding may play a key role in meeting envi-

ronmental requirements, combating climate change
and meeting the needs of mankind for food and other plant-based products. For this reason, we cannot
allow market forces to manage development in this
field, nor should we refrain from using the new tools
that research in plant biotechnology has given us.
We have concluded that plant biotechnology is a
set of new methods with whose help man can gain
knowledge about plants and change their properties
in a way that has not previously been possible. This
places on us a heavy responsibility and a need for extensive ethical assessment. There are currently major
deficiencies and problems in the way in which plant
biotechnology is used. These include:
•

•

•

that certain of these techniques (those that deal
with the analysis of correlations between genes
and specific properties) have been introduced
and are used without restriction in modern plant
breeding while the use of other techniques, such
as what is known as “gene modification” (or
GM), is strictly regulated. It is unclear which
legislation and regulations govern a third category, targeted mutation using, for example, the
CRISPR/Cas9 technique, that is undergoing
rapid development;
that the safety legislation that currently regulates
applications of GM technology is based on a definition of the concept that is more than 25 years
old, and that the same properties obtained using
other techniques are not subject to this legislation;
that the development of plant breeding using
GM technology is dominated by large global
companies that have achieved a position that is

•

close to a monopoly – due partly to their use of
patenting, and partly to the high costs of research
and of the approval process that is required to
receive permits to cultivate and market the plants
produced in this way;
that the properties that have so far been developed using GM technology have nearly exclusively been of commercial interest for farmers
and companies working in plant breeding – the
plants have not primarily been developed because
they are of interest for society or consumers.

These deficiencies in the application of plant biotechnology for gene modification have given rise to
a debate about food safety and the social, economic
and ecological consequences of this technology.
The challenges that the global agricultural industry

is facing with respect to the environment, climate
change and food supply are huge. These challenges
affect also the Swedish agricultural industry, where
plant breeding may be able to contribute to the solutions that must now be sought.
Plant biotechnology may be an integral part of
plant breeding that contributes to the development
of sustainable agriculture through:
•

•

policies and politicians, in dialogue with consumers and the business world, taking great responsibility in formulating the values, ideals and
objectives that should control the development of
plant breeding such that it is compatible with the
COP21 climate agreement and the UN development goals;
that a significant increase in public funds for
research and development within the area of

Seeds for the Future – a dialogue project concerning biotechnology in plant production
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•

plant breeding is taking place, which is of great
Swedish interest for society, the business world
and consumers, and that opportunities for collaboration in the Nordic region and the EU are
being used;
that plant breeding and its use are regulated by
new legislation within biosecurity that is based
on the properties of the plants and their impact

•

on a sustainable development of society, with the
possibility of more stringent evalutation depending on the particular property that has been added;
that the regulations are drawn up such that they
provide the necessary safety while making it possible to develop creative and responsible entrepreneurship within the field of plant breeding.

PARTICIPANTS IN THE “BIOTECHNOLOGY IN PLANT PRODUCTION” DIALOGUE PROJECT
Annika Åhnberg, previously Minister for Agriculture, leader of the Dialogue Project.
Anders Nilsson, agronomist, previously head of research at Svalöf Weibull and previously research secretary at
the Federation of Swedish Farmers, LRF.
Bengt Persson, farmer, member of the board at the Swedish University of Agricultural Sciences, previously holder
of several elected positions in LRF.
Birgitta Carlander, agronomist, farmer, member of the board at Skaraborgsgrisen Ek För, previously chairman of
the Lantmännen research foundation.
Christel Cederberg, Associate Professor in Physical Resource Theory, Chalmers University of Technology.
Gunnar Rundgren, author, agricultural consultant, farmer, one of the founders of KRAV.
Inger Andersson, Master of Science in Engineering, chair of the Mistra Biotech research programme, previously
Director General at the National Food Agency, Sweden, previously active within Arla, and appointed to various
boards of directors within the food industry.
Jan Rundqvist, agronomist, business development consultant at Protein Consulting, founder of CropTailor AB, Vice
Chairman of Stiftelsen Lantbruksforskning – the Swedish Farmers’ Foundation for Agricultural Research.
Peter Sylwan, science journalist.
Roland von Bothmer, Professor Emeritus in Crop Genetics and Plant Breeding, the Swedish University of
Agricultural Sciences, active at NordGen and The Global Seed Vault on Svalbard.
Svante Axelsson, General Secretary of the Swedish Society for Nature Conservation, SSNC.
Torleif Ingelög, biologist, author, previously head of ArtDatabanken at the Swedish University of Agricultural
Sciences.
All participants in the Dialogue Project are fellows of KSLA.
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A Vision –
Sustainable Agriculture in 2050
Agriculture must be ecologically, economically and socially sustainable. By this we
mean that agriculture must produce enough food, fiber, feed, energy and industrial raw materials, while the ecosystems and their functions are maintained.
It must also be economically viable for the farmer to work the land – and produce the goods and services that society and consumers demand – in a sustainable way.

There are physical and biological limitations to how
large a fraction of the Earth’s natural resources we can
use. There is not much more land available on Earth
for cultivation, if we are to preserve valuable natural ecosystems. But valuable cultivated land is disappearing today at the alarming rate of ten million
hectares each year (approximately four times the
area under cultivation in Sweden) through acidification, salinisation, swamp formation, erosion and
urbanisation. Furthermore, it is hoped that in the
future we will be able to produce not only food but
also biomass from the land that is used, to replace
fossil-based fuels and raw materials in industrial
production. The greatest challenge is to establish
agroecosystems that in the long-term can produce
as much as, or more than, today’s agricultural industry, while at the same time maintaining other
functions of the ecosystems that are important both
for humans and many other species. Research can
provide a more fundamental understanding of these
processes and systems, and how they can be steered
in the direction desired. Plant breeding, in which
available technology is used, is a powerful tool that
contributes to achieving the goals that have been set
by adaptation of the cultivated plants used in agriculture.

The Mission
The following mission for agriculture can be formulated, based on the perspective described above:

•

•

•

•

To produce sufficient food, feed, fibre, energy and
industrial raw materials for current and future
global needs. Our definition of “requirement”
must at the same time change. There are limits to
how much we can extract from the ecosystems.
Increased production, changes in consumption
patterns and a better distribution of resources are
all necessary factors in achieving sustainability.
These factors must be weighed against each other
in a balanced manner.
To hold as its most important result the production of healthy and attractive foods, which
is one requirement for a good life. Agriculture,
the food industry, the retail trade and patterns of
consumption constitute an entirety in which the
components influence each other.
To manage the majority of the land-based ecosystems in the world with a responsibility that
has a much higher level of ambition than just
delivering traditional “agricultural products”,
mainly in the form of food. We need evidencebased methods that show how agricultural production influences other ecosystems services,
such as pollination, carbon sequestration and
maintaining a diverse countryside, as basis for
political considerations.
It must be economically sustainable to carry out
agriculture within the ecological framework that
nature provides. Agriculture is to contribute to
social and cultural sustainability. An open, precondition-free and continuous dialogue must
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Agriculture manages a large fraction of the land-based ecosystems. Trees and hedges between the fields of winter oilseed rape increase
biological diversity and make the countryside more diverse. Photo: Peter Sylwan.

be held concerning the various methods used
in agriculture and its important role in society.
Development of local markets and direct connections between primary production and food
processing will also provide the conditions required for improved understanding in the value
chain. A combination of production in Sweden
and international trade increases the security of
the food supply, which contributes to increased
self-sufficiency.
Based on the mission described above, future
agriculture will be carried out under the following
conditions:
•

12

Globalisation tends to stimulate specialisation and uniformity in agriculture. Sustainable
agriculture requires diversity. Resourceful plant
breeding, adapted to local and regional conditions and to the cultivation of high-quality targeted products, increases the competitiveness of
Swedish agriculture and increases the possibility
of achieving a diversified and sustainable plant
production and, based on this, a competitive food

•

•

industry. Increased nutritional content of the
plants produced also reinforces the possibility of
meeting the requests of the market.
In sustainable agriculture, the formation of new
topsoil is to be equal to or greater than its removal by cultivation. The humus content has major
significance for both fertility and resource management. An increase in carbon level in the soil
contributes to reducing the atmospheric level of
greenhouse gases. Cultivation systems that lead
to arable land being covered by vegetation for all
or most of the year contribute to an increase in
humus content.
The resilience of a sustainable agricultural system
is primarily to be built into the system itself and/
or the actual plants. Adaptation to changes or the
ability to resist stress factors must not influence
the surrounding ecosystems in a negative manner, and this must be true not only for the resilience itself but also for supplementary measures
that need to be initiated. Plant breeding to increase and retain the resistance of crops to pests,
better competition against weeds, and higher tolerance of various stress factors, such as drought
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•

•

•

– in other words, adaptation to local conditions
– are important means in achieving these objectives. Agriculture is to be conducted with respect
for animal welfare and natural behaviour and in
such a manner that the properties of the animals
and plants are utilised most efficiently. One example of this is that ruminant animals prefer to
eat grass and to graze during the summer.
In sustainable agriculture, the leakage of nutrients is maintained at such a low level that oceans, lakes and watercourses are not exposed to
harmful eutrophication. The uptake and use of
nutrients by the crops is made as efficient as possible. Society’s management of waste and residual products is organised in such a manner that
valuable nutrients can be recycled to agriculture.
Sustainable agriculture uses finite resources in an
optimal manner. The fertiliser required by plants
is either obtained from recovered nutrients or
produced with the aid of renewable energy. The
energy that is used by machines and facilities
comes from renewable sources. Plant breeding
allows cultivated plants to be given new properties that enable them to be used to produce not
only food but also various raw materials, special
products and energy.
The agricultural ecosystem and our food are to be
protected from substances that harm the environ-

•

ment or our health, in particular such substances
that can accumulate or that disturb important
processes. This applies not only to substances
that we consciously or unconsciously spread
through agriculture, but also to external contaminants (such as radioactive fallout and cadmium). Plant breeding can contribute to minimising the absorption of undesired substances by
plants.
Biological diversity is central in sustainable agriculture, and is to be expressed at all levels:
– diversity within species, i.e. many varieties of
each crop;
– diversity within the cultivation system, i.e.
not monoculture, but integration of animal husbandry and crops in the production system, and
– diversity of the countryside, i.e. the connection
between agriculture and the surrounding nature.

Our project took its starting point in the discussion of the role that modern biotechnology plays
in plant production and plant breeding, but the
development of a sustainable agricultural system
will require changes also in many other areas: social, economic and ecological. It is clear that several
conditions and processes must be changed in order
for society to be able to meet the challenges it faces.

Many species of pollinating insects thrive in a cultivated landscape that is managed in a sustainable manner. Photo: Jenny Jewert.
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The Role of Plant Breeding
in Agriculture
Plant breeding plays a central role in the development of agriculture, in everything from the domestication of wild plants to the various crops that we cultivate
today. The genetic research that was carried out around the turn of the 19th to the
20th century formed the foundation of systematic and scientific plant breeding.

Plant breeding involves the gradual development of
improved varieties that can be cultivated with higher yields, more reliable quality and better resistance
to disease and pests than the seeds replaced. New
techniques were subsequently developed that allowed the science of plant breeding to achieve sudden and large improvements, such as the launch by
Hilleshög of sugarbeet hybrids that do not require
singling (monogerm seeds).
Advances within biological research during the
past 60 years have made new tools for plant breeding
available, and we have acquired a completely new
understanding of biological processes. This makes
it possible to identify, with greater certainty than
previously, areas in which plant breeding can give
new properties to our cultivated plants, and how
these properties can be used to satisfy various needs.
Examples of such possibilities are:
• Consumer safety and consumer requirements

The absorption of heavy metals, such as cadmium
and arsenic, by plants can be reduced by plant breeding. The use of chemical pesticides can be reduced,
leading to a lower residual presence of these substances in Swedish food. The development of disease
resistance can reduce problems associated with the
presence of mycotoxins as a consequence of fungal
infection. An increase in interest for foods, most noticeably potatoes, vegetables, fruit and berries, from
organic production, demonstrates the need for plant
breeding that makes it easier to meet this demand.
• Innovative foods

Plant breeding can be used to develop new quali-
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ties of the produced crops that open completely new
fields of use or expand old ones. Examples include
oats, apples and berries to be used to produce drinks;
wheat that can be eaten by people with coeliac disease (gluten intolerance); potatoes with a form of
starch that is broken down more slowly; vegetables,
fruits and berries with higher levels of health-promoting substances; and oilseed crops with longchain, poly-unsaturated fatty acids.
• Environmental demands placed on agriculture
– Breeding for resistance is an effective tool to reduce
dependence on chemical pesticides. Since pests and
plant diseases continuously adapt to the resistance
offered by host plants, the resistance must be continuously renewed, even though it is now possible
to develop resistance with good prospects of being
more permanent.
– The Integrated Pest Management (IPM) directive
has as its intention a reduction in the use of chemical pesticides, and it has emphasised the need for
improved resistance against pests and plant diseases,
also in cases in which we currently have well-functioning chemical management.
– Plant breeding to increase the efficiency with
which plants use nitrogen and phosphorus means
that the risk of leakage of these substances to oceans
and lakes is lower.
– Plant breeding for varieties that allow cultivation
without ploughing, such as breeding to develop perennial crops (cereals and oilseed crops) and intermediate crops, may reduce losses of nutrients and
topsoil in the long-term, and increase the sequestration of carbon by arable land.
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• Climate adaptation
Plant breeding for a gradual adaptation to changes in climate is a precondition for the competitive
cultivation of many crops, particularly crops whose
development is sensitive to our unique combination
of unchanged daylength, milder winters and spring
frosts. Changes in the climate give rise to new or
changed problems with pests and plant diseases, and
this leads to greater or new requirements for breeding to develop resistance. Changed patterns in precipitation during spring and early summer require
adaptation to both water shortage during the early
summer and waterlogged soil for spring sown crops.
The introduction of new crops in a warmer climate
with a longer growing period may require special
adaptation to our Nordic daylight conditions, which
are unique in the world.
• Diversified production
The cultivation of crops for which the market is
small, or crops with special properties, requires access to adapted varieties, if it is to be competitive.
Examples of such crops are green peas and field
peas, field beans, spring oilseed rape, apples, and
seed production of forages and other crops. Plant
breeding can contribute to increased cultivation of
horticultural plants and of new agricultural crops.
The cultivation of crops as an industrial raw material or for energy places particular requirements onto
breeding initiatives.
• Productivity in plant production
Gradually improving productivity, in which more is
produced for a smaller input than is currently the
case, will be necessary for our future production in
agriculture and horticulture. Plant breeding can
contribute with further increases in yield, adaptation to regional climate conditions, break crops in
cereal-dominated crop rotations, better use of the
available plant nutrition, less stress associated with
water supply and temperature, a better ability to
compete with weeds, better resistance and a lower
dependence on chemical pesticides, and resistance
to pests and plant diseases in cases where we lack
effective methods of chemical or other management.
• Securing the Swedish agricultural and horticultural industry

Major international plant breeding companies and

international research are investing heavily in global crops such as corn and soybeans, and in large
markets such as France, Germany and the US. This
means that it is important to continue with highquality plant breeding for the Swedish market, including pre-breeding, need-driven research and access to relevant new techniques, such that it will be
possible for the cultivation of agricultural and horticultural crops to compare with cultivation in other
countries. A well-functioning testing of varieties
will provide the information required by farmers,
advisory services and the industry to make the correct choice of varieties in different conditions.
• Export of plant products
Our export of plant products, either as refined products or as the export of specialised bulk products
(such as malting barley, oats for milling and quality
wheat) is made easier by access to specific qualities
that correspond to the requirements of various food
industries or markets, and this allows our exports
to be distinguished from those of other countries.
This requires that the produced crops have been developed with methods used in plant breeding that
are accepted by importers in other countries. The
importance of the export of grain and other products from plants has increased in recent years as
a consequence of a decrease in animal husbandry
in Sweden. A significant part of the export is feed
grain, sold at the current global market price.
• A basis for competitive animal production
Plant breeding of forage crops with better persistance to winter conditions, improved quality or better adaptation to cultivation as mixed swards, gives
better preconditions for the production of milk and
meat. Examples of such targets for breeding can
be seen for all of the three most important forage
crops – timothy, perennial rye grass and clover.
Plant breeding to increase the Swedish cultivation
of protein-rich crops in order to be able to compete with imported soybean protein may give better competitiveness for all animal-based products.
Breeding to reduce the levels of harmful substances
or improvements in quality, such as an increase in
the level of the enzyme phytase to give better use of
the phosphorus in feed grain, may give advantages
in the feeding of monogastric animals.

Seeds for the Future – a dialogue project concerning biotechnology in plant production
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Breeding of red clover and other forage crops is important for crop production, animal husbandry and the environment. Photo: Ylva Nordin.
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• Collaboration in the chain of knowledge
The interaction between plant breeding and research
within different fields, such as crop science, plant
breeding research and food science; with advisory
services; and with stakeholders in various markets,
means that a person active in plant breeding may
become a hub in the development of new products,
products with improved properties or increased production in different parts of the value chain.

covering the first steps in plant breeding. Companies
that previously considered each other to be fierce
competitors are now collaborating. Plant breeding
in the Baltic states is also taking part in the collaboration. This is a good example of how competences,
company contributions and government funds can
be combined to achieve a more effective method of
working than would be possible if the work was carried out within one country or within one company.

• Regional collaboration
Several smaller plant breeding companies are active
in the Nordic region, competing on the seed market.
Through the establishment of a Nordic public-private partnership (PPP) for pre-breeding, collaboration has been initiated between companies and plant
breeding research institutes in the Nordic countries,

• Food safety and a secure supply
The development of a diverse production of plant
products gives foods with a higher level of safety.
It is an ethically responsible policy to contribute to
the security of global food supplies by reducing our
dependence on the import of food.
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Plant Biotechnology – a Proposed
Definition and Limitations
The term “biotechnology” is defined differently when used in literature, official
documents and general debate. The Dialogue Project has defined “plant biotechnology” as a collection of evidence-based technological methods used to modify
the properties of plants.

Biotechnology is used widely in modern society,

particularly within medicine. The term “biotechnology” is defined differently when used in literature,
official documents and general debate. The United
Nations Convention on Biological Diversity defines
“biotechnology” as follows: “Any technological
application that uses biological systems, living organisms, or derivatives thereof, to make or modify
products or processes for specific use.”
Agrobiotechnology is a limited concept that describes the use of biotechnology for applications within
crop production and animal husbandry. Examples
of fields of use within animal husbandry are selection within the breeding of animals and sperm
sorting according to sex. The Food and Agriculture
Organization (FAO) of the UN gives the following
description and definition:
“Biotechnology is the application of scientific
techniques to modify and improve plants, animals, and micro-organisms to enhance their value.
Agricultural biotechnology is the area of biotechnology
involving applications to agriculture. Agricultural
biotechnology has been practised for a long time,
as people have sought to improve agriculturally important organisms by selection and breeding. An
example of traditional agricultural biotechnology is
the development of disease-resistant wheat varieties
by cross-breeding different wheat types until the

desired disease resistance was present in a resulting
new variety.”
Plant biotechnology is a further restriction to the
definition of agrobiotechnology. Plant biotechnology is a new tool that has been used within plant
breeding for the past 30 years or so. Other tools that
modern plant breeding has at its disposal are the use
of mutations, fusion of cells, chromosome doubling
and hybrid breeding (the development of inbred
lines to give genetically homogenous seeds).
The concept “plant biotechnology” is used in
certain contexts to describe solely a technical procedure for the transfer of genes or gene segments to
a plant, in accordance with EU regulations for the
gene modification of plants. This is the only use of
plant biotechnology that is regulated.
Within the KSLA Dialogue Project we have discussed

those parts of plant biotechnology that relate to “a
collective term for evidence-based technological
methods that are used to modify the properties of
plants such as the regeneration of plants from single
plant cells, gene modification/gene technology/GM
plants (according to the definition1 given in EU legislation), gene editing2 and other forms of targeted
mutation3, marker-based selection (selection based
on identified gene markers4 in a plant), and selection
based on genomic analysis5”.

1) A technical procedure to introduce specific genes into a plant that could not have taken place by a natural process, through mutation,
or through the fusion of cells.
2) The exchange of specific base pairs in a gene.
3) Modification of a specific, identified gene.
4) Gene segments that include genes that confer a certain property.
5) The mapping and analysis of the complete DNA of a plant, and its comparison with the DNA of a plant of the same species with one
or more known properties.

Seeds for the Future – a dialogue project concerning biotechnology in plant production
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Why this Staunch Opposition?
Annika Åhnberg

When modern biotechnology arrived on the Swedish scene of public debate a few
years after the referendum on nuclear energy, it was still at an early stage of development. The green movement transferred its arguments against nuclear energy
to the question of biotechnology without much modification. But the case of biotechnology is completely different from that of nuclear energy, and we have now
pretty much accepted it. With one exception: biotechnology in plant production.

The most burning political issue in Sweden at the
end of the 1970s was without doubt whether to
continue to use nuclear energy. Torbjörn Fälldin
brought the Centre Party to electoral success with
himself as Prime Minister by promising never to
compromise with his conscience and contribute to
the charging of a nuclear plant. And it was also the
issue of nuclear energy that led to his resignation
two years later.
I personally was an active supporter of a policy
choice known in Sweden as “the third way”. Opposition to nuclear energy was supported by people
across the complete political spectrum, from the far
left to those on the right who believed in conservatism based on traditional values. Many who had
never before been politically active became involved.
What was it that could unite people with such
widely differing political views and fundamental
values? A list of the principal arguments against nuclear energy may have looked something like this:
•

•
•
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•

•

investment required. Power to decide on the development of energy would end up in very few
hands.
Moribund alternatives. When the enormous
investments in nuclear energy had been made,
resources were not available for innovation and
small-scale initiatives. This has delayed, to a
great extent, investment into solar-power, windpower and other energy solutions in Sweden.
Environmental impact along the chain of production. Uranium mining has a large negative
impact on the environment and climate. The idea
of nuclear power as a clean source of energy was
(and still is) a myth.

The difficulty of controlling the risks of nuclear

energy. One of the major factors that led to the
decision to hold a binding referendum was the
accident at the nuclear energy plant Three Mile
Island outside of Harrisburg, Pennsylvania, in
which a meltdown was only narrowly avoided.
Uncertainty about how nuclear waste could be
safely stored. It can be mentioned that we are still
living with this uncertainty.
Large-scale operations and a concentration of
power. Only stakeholders with extremely large
capital resources could manage the enormous

Demonstration against nuclear energy, 1979. Photo: SVT Bild/TT.
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•

Delusions of grandeur. Humankind went too

far, dominated the natural world in a manner
that could not be justified. We had bitten off
more knowledge that we could chew, and this
realisation should have led us to moderation.

We – nearly – won the referendum. Nuclear energy
was to be wound down, but in a sensible manner.
And this decision – ironically – has led to the fact
that nuclear energy remains in use to this day. But
the two reactors at Barsebäck, north of Malmö, have
now been closed down, which has delighted our
neighbours in Denmark, and now, maybe, at last…
We proposed a vision that contrasted with the
large-scale and dangerous nuclear energy and its
huge environmental impact. This was the dream
of a small-scale society, with diversity in all of its
facets – in energy production, but also in all other
production. The vision grew not only out of the opposition to nuclear energy but also out of a longing
for a social context in which people worked together
and built a robust local system with democracy close
to them. This vision remains with us to this day.
When modern biotechnology arrived on the
scene of public debate (a few years after the referendum on nuclear energy), it was still at an early stage
of development, mainly locked away in laboratories,
which were hermetically sealed for reasons of safety.
The people who worked there wore protective clothing and equipment, and passed in and out through
special airlocks. A scientific conference in Asilomar,
California, in the 1970s had adopted extensive safety requirements for research into recombinant DNA.
Alarm bells were sounding. Had we heard this before? Let’s go through the checklist:
•
•
•
•
•
•

Were there risks that we could not be confident
of controlling? Yes, indeed!
Were waste products produced that required special management, about which we were uncertain? Yes, indeed!
Was this a large-scale industry that required major investment, the sort that only large stakeholders could manage? Yes, indeed!
Was it taking resources from other conceivable
development? Yes, indeed!
Did it have a possibly negative impact on the environment? Yes, indeed!
Was it another expression of human meddlesomeness, a desire to master the universe? Yes, indeed!

Demonstration against GMOs, 2013. Photo: Yle/Anna Ruda.

Modern biotechnology was a perfect match for
everything that we were against – or so we thought.
We who were active in the green movement aspired
to create a society built on adaptation to nature and
learning from it, rather than taming and mastering
it. The position we should take on biotechnology
was obvious, and the basis for opposition was set in
Sweden and many other countries in Europe.
My beliefs with respect to nuclear energy have
not changed as the years have passed – quite the
opposite! With respect to biotechnology, however, I
have changed my mind. The more I learned about it,
the more I came to realise that what we believed to
be clear similarities with nuclear power were not, in
fact, real. Biotechnology is not like nuclear energy:
it is something completely different. It is a multidisciplinary science that increases our knowledge about
what happens in biological systems. It provides
knowledge about how different processes and components interact at cell level, and how these processes are regulated. Biotechnology is a revolutionary
leap in knowledge, and it can be applied in many
different fields. If nuclear energy is like learning to
say “Hello” in a new language, biotechnology is like
learning a completely new language system.
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In most cases we have accepted biotechnology
and are grateful for the significant advances it has
brought, in the form of, among other things, more
accurate diagnosis, medicines that target diseases
more accurately, and greater knowledge about various biological mechanisms.
In one area, however, progress has been zero –
the use of modern biotechnology in plant production
still faces intense opposition. The image of biotechnology as a twin sister of nuclear energy remains
alive in the case of plant biotechnology. It was probably wise to be concerned at the beginning of the
1980s and question its use, but it is a problem that
this opposition remains in place over 30 years later,
even though our knowledge and insight are so much
greater than they were then. A review of the checklist against the background of up-to-date knowledge
gives a different result.
•

The risks involved with plant breeding are not related to the particular technology that the breed-

•
•

•

•

er has used, rather to the property that has been
given to the plant.
It is not possible to distinguish a plant that has
been bred with the aid of modern biotechnology
from one bred by “normal” methods.
While it is true that the development of plant
biotechnology is dominated by a few large companies with immense resources, this is due to the
fact that the cost of developing new varieties of
plants is so high as a consequence of all the safety regulation. Small actors cannot participate.
Furthermore, government initiatives have been
too small – due to political cowardice.
We should not be forced to choose between “normal” plant breeding and plant biotechnology:
resources are needed for both and they are intimately interwoven.
Modern biotechnology can be used to counteract
the negative environmental impact of agriculture, to enable crops to adapt to a new climate,
and to develop food production.

We need both established older breeding methods and modern plant biotechnology to develop new sustainable varieties. Photo: CIAT/Neil Palmer*.
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•

Humans are unable to let things alone – it’s part
of human nature – but biotechnology is mainly a
tool in the understanding of biological processes
and learning to mimic them. This is completely
different from forcing the natural world into submission.

The foundation of the opposition to the use of
biotechnology in plant production was laid by the
green movement. But strong walls have been raised
on this foundation by politicians. The principal reason for this is comfort. There appeared to be no cost
associated with being highly restrictive. It was not
necessary to close or rebuild facilities, no new infrastructure was required, no expensive sanitation
equipment was needed. And in the industrial world
we had more than enough food. Why should we put
any work into introducing new crops and methods
to increase production? Saying “No” to biotechnology and competing in setting the most stringent
regulations for biotechnology became a politically
“comfortable” way of supporting the green movement, rather than seriously getting to grips with climate change and other environmental challenges.
Commitment to radical environmental policies remains lukewarm, while a great deal of effort is being
put into counterproductive measures with respect to
biotechnology.
Political regulation of the use of biotechnology in
plant production was a response to the demands of
the green movement, and it has probably increased

consumer anxiety. Anything that must be tracked
and labelled if it exceeds 0.9 per cent of the contents
of food can’t be safe, can it?
Imposing political decisions can be compared to
using plastic cable ties. You can pull them tight and
lock them, which means that they cannot be subsequently untied. One cable tie after another has been
tightened by the EU, and even though it is now starting to become obvious that this does have a – high –
price, it appears that it is impossible to escape from
the situation. Once decisions have been made, laws
drawn up and regulations implemented, it is difficult
to change them. What is needed now is a completely
new start with respect to EU regulations. We must
escape from the unreasonable situation in which certain techniques are strictly regulated, while others
are not regulated at all. The use of precise methods
and knowledge to change the function of a gene is
strictly regulated in certain cases. But using dangerous chemicals to create millions of mutations in an
organism in an unplanned manner, without any idea
of what the outcome will be, is regarded as “normal”
plant breeding.
Placing safety requirements around plant breeding is not wrong, but today it is being conducted in
an amateur manner. We need new legislation that
focuses on the properties of plants, not on the technology that has been used. The green movement and
the politicians who joined forces to bring about the
current situation must collaborate in building a road
forward, based on knowledge and responsibility.

Political decisions can be compared with plastic cable ties – it is difficult to remove them. Annika Åhnberg describes
the GMO legislation drawn up by the EU as a set of tightly bound cable ties. Photo: Silverxxx*.
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Svalbard, Genes and the Future
of Humankind
Roland von Bothmer

I stand, as I have done many times before, alone in the transverse tunnel in the seed
vault on Svalbard. The silence, cold and stillness are overwhelming. The tunnel gives
what is almost a sacred impression and goes by the appropriate name of “the cathedral”
with its high, vaulted ceiling and white walls, covered with sparkling ice crystals.

The feeling is so intense that even an agnostic may
have an almost religious and sensuous experience
here. Architects and artists come here on pilgrimages to experience the cathedral, but few are given
access to the Holy of Holies. Behind the heavily
iced steel doors that lead into the interior chamber
are millions of dormant seeds that represent humankind’s past, present and, hopefully, insurance for a
decent future.
The largest gene bank in the world is located on
Svalbard, the final major outpost before the desolate
Arctic. The Global Seed Vault is a common safety
repository for all of the different gene banks that
have been established around the world. The building that is to guarantee our future food security is
located in the permafrost inside a flat-topped mountain close to Longyearbyen, the principal city of
Svalbard. The material that is stored in the mountain consists of copies (derived from the same seed
samples) of the original seeds that are stored at gene
banks in many countries. It would, of course, be best
if other gene banks function properly and carry out
their intended purpose, so that the seeds in the vault
never need to be used.
It is widely recognised that important genetic
resources have gradually disappeared from agriculture during the past 100 years. New highly refined
varieties have replaced traditional land races, and the
number of small farms has fallen. But the disappearance of genetic material also from gene banks is a
new phenomenon that has received less attention.
Gene banks are vulnerable and face many threats.
Natural disasters, such as flooding, tsunamis, earth-
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quakes and volcanic eruptions cause destruction, and
human activity can also have serious consequences.
This may take the form of economic or technical
problems, corruption, war, riots and conflict.
During the eight years that the seed vault on
Svalbard has been in operation, it has not been
necessary to return material to the original owner
until very recently (the autumn of 2015). The war
in Syria has made it necessary for the International
Centre for Agricultural Research in Arid Areas
(ICARDA), which is based in Syria, to withdraw
seed material from the secure repository.
Approximately 2.1–2.3 million unique seed
samples are stored around the world, and around
850,000 of these are stored on Svalbard. This represents approximately one third (and in some cases up
to one half) of the genetic diversity of the world’s
gene banks. And, it must be remembered, several
of the world’s largest gene banks (those in Brazil
and Japan) are in the process of gradually transferring their material to the secure repository. Several
large and important countries, however, (India and
China) have not yet started to make deposits there.
Furthermore, not many of the small gene banks are
represented in the global seed vault. And while small
gene banks may have few seed samples, it may be
extremely important to preserve these samples.

CGIAR – plant breeding for the world’s
poorest
Certain scientists, politicians and funding agencies
realised in the 1950s that famine and overpopula-
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The Global Seed Vault, Svalbard. Photo: Frode Ramone*.

tion were undermining progress in many developing
countries. The UN body in the field of food and
agriculture, FAO, was poorly regarded, and those
who had become concerned realised that radical action was required to secure food production also for
the poorest countries. The Consultative Group for
International Agricultural Research (CGIAR) was
therefore created. The organisation founded several independent agricultural institutions to work
in research and plant breeding, and arranged longterm funding for them. One important task undertaken by CGIAR was to collect, preserve and use
the genetic resources in the region. In this way, for
example, the International Rice Research Institute
(IRRI) was founded in the Philippines. CIMMYT
(Centro Internacional de Mejoramiento de Maíz y
Trigo) in Mexico was given responsibility for the
breeding of wheat and corn, and developed varieties
that formed the basis of what became known as “The
Green Revolution”.
By the middle of the 1970s, the time had come
to do something for the arid regions around the
Mediterranean Sea and eastwards to Afghanistan.
ICARDA was created with its head office outside Aleppo in Syria. Collecting expeditions were
despatched to inaccessible areas of the region over
a number of decades, and one of the world’s largest
and most important gene banks was in this way created. ICARDA developed extremely effective breeding methods in which the farmer played a major
role, through close collaboration between breeders
and farmers. ICARDA thrived, and became
an important institute in the fight against poverty
and hunger. And then war broke out in Syria, and
the beautiful city of Aleppo was laid to waste. The
ICARDA head office was severely hit and it is unclear how much of the large gene bank remains.

However, the major CGIAR institutions had early
decided that they should preserve their seed material
in the vault on Svalbard. ICARDA had done so,
and approximately 90 per cent of its comprehensive
genetic stock was sent to safe storage in the seed
vault before the war started. In addition, in the
midst of a fierce war, the local staff that remained
in Aleppo managed to get some seed material out
through Turkey and Lebanon, and in this way send
it to Svalbard. This was an invaluable contribution
to preserving cultivated diversity.
The management of ICARDA decided in the
autumn of 2015 that the prospect of attempting to
return to Aleppo within the foreseeable future was
bleak. For this reason, operations were moved to other
locations in the region. The question arose, however,
of how the employees would be able to carry out
research and breeding operations without material?
The solution was to request that the genetic material be withdrawn from Svalbard and returned to
the institute. This was arranged, and approximately
40,000 seed samples were sent to ICARDA facilities
in Morocco and Lebanon. Thus, it was proved that
the seed vault can function as intended in a crisis.

Plant breeding, genetic resources and
development of methods
As early as the 1910s, Russian geneticist Nikolai
Vavilov realised how important genetic variation
was for future breeding and the security of the
food supply. He began intense collection operations
throughout the world. Even though considerable diversity had already been lost by then, an impressive
collection of seed samples from around 1,500 gene
banks in the world is now available. This material,
in combination with modern breeding methods, en-
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sures our future food supply. Scientific research has continuously developed new plant breeding methods, and each advance
in the field is built on previous discoveries. However, no new
method has been able to completely replace the earlier methods. Modern plant biotechnology provides breeders with new
effective instruments in their toolbox, but cross-breeding and
selection, which were already in use at the turn of the 19th to the
20th century, remain important elements of modern breeding.
The activity in a gene bank – storing dry seeds in a freezer
at -18°C – does not require advanced technology. The greatest
challenge for the gene banks in the future will be to increase
knowledge about each individual seed sample. The value of each
seed sample increases as more is discovered about the genetic
control that lies behind various properties in the seed sample
being studied. This may relate to properties that define quality,
resistance to diseases and pests, anti-stress genes (such as tolerance of drought or high salt levels), and properties that increase
the yield.
Plant breeding has allowed new diversity to be established
in a surprisingly short period. The first cultivated plants, such
as wheat and barley, were domesticated from their wild cousins
around 10,000 years ago in south-western Asia. This is an insignificant period in an evolutionary perspective. It was the start
of agriculture – the greatest conversion project undertaken by
humans – and it would change the environment in a dramatic
fashion. The development of human civilisation through agriculture has affected nearly every region on Earth.
This enormous agricultural project is clearly visible on
Svalbard, where the cultivated diversity that has been developed
during such a short period is astounding. Of the largest crops,
rice and wheat, around 155,000 and 142,000 seed samples, respectively, have been preserved – each one of them genetically
unique. Even so, the samples do not represent anything close
to the total diversity within these species: in the best case they
may represent around half. The number of variants is, of course,
impressive, but we still do not know how much genetic variation we require to guarantee future food production while at
the same time managing to cope with major challenges such
as climate change, population increase and damage to the environment.

The future
The greatest advantage that we have, compared with the growers of previous generations, who struggled to provide food when
drought or disease destroyed their harvests causing famine and
death, is knowledge. The correct use of modern methods, the
results of research and the application of these results can give
us sustainable solutions.
Working at -18°C inside the seed vault on Svalbard. 850,000 unique seed samples
are stored here. Photo: Dag Endresen*.
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What frightens me is that the credibility of research is being questioned, and we have become
entangled in a complex network of regulations and
obscure legislation. The right of ownership and the
availability of genetic resources, which are foundations of the sustainable society, have been nearly paralysed. While it might be an exaggeration to say that
development of methods has stopped in Europe, it
has been hampered by rigid legislation that neither
benefits growers, consumers nor society. The only
ones to gain from the current situation are multinational companies, that have achieved what is essentially a monopoly on the use of the new gene
technology.
Horizontal gene transfer, which is the transfer of genes between unrelated or distantly related
species without a sexual phase, has been going on
naturally for millions of years, but the method may
not be used within plant breeding without strict
restrictions. Instead of being able to use modern
technology in a responsible and regulated manner as
a supplement to traditional breeding methods, and
determining the properties that are to be produced
in new varieties, we are faced with a monopoly in
which a handful of multinational companies outside
of Europe are setting the agenda. These companies
determine the crops on which breeding is to be carried out and the properties they are to have. The products are subsequently sold on the global market,

including the Nordic region, without Nordic public
or private breeders having had the opportunity to
compete. They just have to sit quietly by and watch
the big boys playing.
I have a vision of a future world, as I stand in the
chilly and deserted cathedral on Svalbard, in which
we have solved in an optimal manner the questions
that relate to the preservation of genetic resources.
We have also obtained the opportunity for scientific development – to understand nature and use
this knowledge within plant breeding such that the
distance between research and its application in a
sustainable manner becomes shorter. The material
on Svalbard represents a major fraction of the cultivated diversity. It is certain to contain important
properties that have disappeared during the plant
breeding process.
By applying new technology for genomic analysis on this enormous gene bank in its entirety, we
would be able to identify interesting genes that code
for important properties such as stress tolerance,
disease resistance, yield, and various properties related to quality. In this way the global seed vault
can reach greater significance for the development
of a sustainable future. Knowledge about the genetic
properties of the gene bank samples, together with a
battery of breeding methods, mean that we can look
forward to the future with confidence.

The International Center for Tropical Agriculture in Colombia sends beans from its gene bank to Svalbard. Photo: CIAT/Neil Palmer*.
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Trade and Development Out of Step
Jan Rundqvist

As the new biotechnology started to become established, many small companies were
founded, principally in the US. The development work required venture capital, and these
small companies were, one after another, acquired by large companies. Trade in GM
crops increased rapidly.
But people’s attitudes to GMOs in the rest of the world, not least in Europe, have been
negative. Each EU state grants its own licences for both the import and the cultivation
of GM crops. This has hindered the development of European agriculture and the free
mobility of goods and services within the EU.

I started my undergraduate studies in plant cultivation at

the Swedish University of Agricultural Sciences (SLU) in
1980, and relatively soon came in contact with new techniques in plant breeding. Carl Ivar Brändén, a leading international scientist, held a course in molecular chemistry,
during which we read scientific papers on the topic. Our
group was assigned an article that described Agrobacterium
tumefaciens and the Ti plasmid, as well as the role that the
plasmid was believed to play in association with a tumourforming disease in plants known as “Crown Gall”.
Knowledge about how a pathogen could invade a genome and in this way cause uncontrolled growth in a plant
led to the use of the Ti plasmid as a tool for the transfer of
genetic properties. The field was undergoing rapid growth,
and many students designed their education to focus on
biotechnology. The same method was also used to produce
insect-resistant Bt crops of corn and cotton.
After graduation, I was employed as product developer
for plant protection products in a company called EWOS,
which was distributor on the Nordic market of plant protection products of the international agrochemical industry.
The work involved attending several conferences in plant
protection. The new biotechnology was presented at these
conferences, and the expectation that it would revolutionise plant breeding and plant protection. It was a rather
one-sided exchange between scientists and industry that
focussed on possibilities, but discussions about purpose and
possible risks were rare.
Costs to keep GM-containing and GM-free materials separate in factories and
during transport are large. Photo: Buonasera*.
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The dominating feeling was that varieties with
new properties, such as herbicide tolerance and insect resistance, would be developed soon. A number
of international companies working in the agrochemical field had also reached this conclusion,
which lead to rapid structural changes in the industry. Large companies, which had previously been associated with the pharmaceuticals industry, acquired
the smaller companies. The top 20 became the top
10, and then approached the top 5. It wasn’t long
before 80 per cent of the market was dominated by
a few players. Research and development was redirected from the screening for new active substances
with improved effects to projects in plant breeding
and the purchase of seed companies.
The new field attracted venture capital, principally

in the US, where many companies started to develop
biotechnology. Clusters of small, innovative companies flourished for some years, and were then either
wound up or taken over when more venture capital
was needed to continue development.
There was significantly more money available
than could be matched by public financing. Dialogue
during this period was rather restricted, and the industry discussed where investments should be made,
and how these could affect the industry. Increased
harvests and easier production methods were in
focus. The development within seed companies
maintained the same focus as previously: improving
cultivation properties that increased harvests and
resistance against important pests and diseases. The
food industry wanted varieties of fruit and vegetables with increased shelf life, and resources were put
into the development of such varieties. Less attention was paid to consumer preferences.
Developing new varieties rapidly became the
dominating tone, together with ensuring that the
added value from these benefited the seed developer. Investment in research and development for
the major crops corn, soybean, rapeseed, sugarbeet
and cotton was considerable. Grain was more difficult, with the existing technology. Much emphasis
was placed on how the added value from the new
varieties would provide returns on investment (ROI)
for the seed companies. The existing plant breeder’s
rights, which gave a royalty on the seed, were not
sufficient for the investment required. Development
occurred principally in the US, although a significant amount of knowledge and research originated

in Europe. The US took command, and Monsanto’s
investments controlled the development of varieties
of soybeans and corn.
Certain people believed that the future was relatively clear. New varieties of soybeans, cotton, corn
and rapeseed were launched, initially in the US. The
seed companies, however, employed people within
their sales organisations with the European market
in mind. The connection to their own production of
herbicides became clear with the launch of a soybean variety that had been gene-modified to develop
tolerance to glyphosate. This created advantages in
production and could simplify and reduce the use
of herbicides. It did not provide any advantages for
consumers, and Monsanto’s dominating position in
the glyphosate market (RoundUp) led consumers to
the conclusion that Monsanto had gained too much
control over the value chain within primary production.
The cultivation of gene-modified crops increased
extremely rapidly, as did trade in raw materials and
food products that contained these crops. GM crops
did not receive the same positive reception in other
parts of the world. Non-governmental organisations
in Europe were sceptical, and extensive regulations
for how food is to be labelled and how varieties are
to be approved was developed within the EU. The
negative attitudes within the EU surprised many
companies in the seed and agrochemical industry,
and many scientists. All company-based development of gene-modified crops has subsequently been
wound down or moved out of Europe.
The regulations for the approval of GM crops within

the EU state that this is to take place for each variety
individually, and they also include the possibility to
import raw materials to the EU from, for example,
Brazil, Argentina and the US. Nor does the possibility to take out a patent on a certain genetically
controlled property have any basis in European legislation or precedent, which also made the launch of
varieties for cultivation more difficult.
In 1993 I started to work at Svenska Foder, as
business area manager within grain and plant production, where I dealt with the trade in feed, grain
and intermediate goods for Swedish primary production. The fact that we now distinguish between
GM-containing and GM-free has consequences
mainly for industrial feed production. Different requirements apply in different production branches,
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and raw materials are classified according to whether
they are GM-free or GM-containing. A lot of work
goes to ensuring that two different defined qualities
or products of the same crop are kept separate.
The EU has extensive regulations to ensure that
the cultivation and use of genetically modified organisms take place in a responsible and safe manner. Raw
materials from corn, rapeseed and soybean have so
far been approved for use as animal feed in the EU.
However, not all GM varieties that are cultivated
are approved for use in all areas. GM crops from the
US, Argentina and Brazil, for example, are usually
not approved for use in the EU at the same time in
all countries. This asymmetrical approval makes a
large control system necessary, and creates difficulties in international trade in these raw materials. The
asymmetry arises since the approval process for the
import of GM varieties and GM raw materials to
the EU is seriously out of phase with the approval
process within the relevant country of cultivation.
The situation has led to stalemate within Europe,
and has hindered the development of European
agriculture and the free mobility of goods and services within the EU.
In the case of the cultivation of GM crops in the
EU, any individual country can reject an application for approval, and this means that the cultivation of GM crops differs greatly between different
countries in the EU. The industry has been forced to
develop procedures to ensure that GM-containing
crops and GM-free crops are never mixed. Various
quality controls are carried out between cultivation
and delivery. In addition, separate transport vehicles
and processing facilities are used.

When it comes to smaller-volume crops, such as

oats, the large companies have shown no interest in
plant breeding or the development of new varieties.
For this reason, some people with a particular interest in oats, including myself, formed the CropTailor
AB company in 2007. Our aim was to use biotechnology and refined analysis methods to develop new
varieties of oats. Oats have many positive properties, both from a nutritional and from a cultivational
point of view. It was obvious to us, however, that the
new crops must not be classified as GM-containing.
The funding agencies asked us about the methods
we were using. Thus, GM technology was right from
the start identified as a path destined to failure in the
hunt for commercial success.
Organisms produced by TILLING (Targeting
Induced Local Lesions in Genomes) could be classified as GMOs. TILLING is a method of breeding
by mutation in which changes in the genetic material are produced by chemical methods, in order to increase variation within the population under study.
TILLING, when used together with effective selection analysis and screening models, increases the
possibility of finding interesting lines that can subsequently be recrossed with existing material of the
variety, or other material within the population. The
method introduces relatively large genetic changes in
the oats, but falls within the definition of breeding
by “conventional mutation”. The interpretation and
search for the correct mutation is knowledge that
is based on the development of analysis methods
using biotechnological tools. Drawing a distinction
between targeted mutation and the currently used
definition of GM technology is becoming evermore
complicated. Given knowledge of the complete genetic material of crops, it will be possible to change
very specific properties, right down to the level of individual mutations, using what today is classified as
conventional plant breeding, something that is possible also with what is classified as GM technology.
The development of new plant biotechnology and

traditional plant breeding must go hand-in-hand
with the development of publicly financed pre-breeding, which makes it possible for smaller-volume
crops to undergo development under reasonable economic conditions. Publicly financed plant breeding
Oats are a healthy crop that the large plant breeding companies
have not given priority to. Photo: Rosendahl*.
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International plant breeding companies invest in major global crops such as soybean, rapeseed, sugarbeet and (shown in the photograph)
corn. Photo: Syngenta.

and small companies must be the actors who ensure
that crops that are not classified as economically interesting by the multinational seed companies are
developed. Otherwise, there is a risk that these will
disappear from practical cultivation.
GM-free food and GM-free animal feed have
become important questions for many consumers
and the green movement in Sweden. Several industry associations within agriculture require GM-free
feed. The dairy industry has been one of the strongest proponents of GM-free feed. Most feed produced
in Sweden is therefore produced from GM-free raw
materials, which are more expensive, and producing
such feed incurs extra costs to ensure and maintain
this quality in the huge quantities of raw materials handled within cultivation, drying, storage and
delivery. Increased costs also arise due to lower efficiency in the feed factories, and increased transport costs for the feed to the customers. All of these
costs are imposed onto the agriculture industry as
purchaser of the intermediate goods. But the increased costs imposed onto agriculture are often not
reflected in the price of the final food in the shops.
The pace of development within biotechnology is
high. Better knowledge within bioinformatics and
about the genetic material of the various species has
formed a basis for better understanding of genetic

correlations. This makes it possible to produce food
in a positive and sustainable manner, with respect
to the economy, the environment and other social
issues. However, the opinion of the general public
about how plant biotechnology is to be managed has
not changed. People in Europe are highly sceptical, and rapid developments in technology have not
made it easier for them to understand how technology is to be used, nor what it is to be used for and
why. Further, the general public does not trust the
European Food Safety Agency (EFSA) to take the
right decisions.
New technology has increased the need for modern regulations. It is now difficult to define and trace
plants that have been bred by conventional methods
and those that are defined as GMOs according to
the EU regulations. Modern plant biotechnology
has become a topic in an international context that
includes trade, social issues, economy, and environmental aspects. The basic question of what modern
biotechnology is to be used for will probably remain
unanswered, and a wide variety of answers will be
given also in the future. Developments within plant
breeding will continue, and it is certain that new
issues will lead to old ones being made redundant.
The new questions will probable also be difficult to
answer.
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Sustainability and Technological
Development
Bengt Persson

Humankind and the planet we inhabit are facing major challenges. The solutions can be
found in agriculture and our ability to use natural resources without consuming them.
Today, 1.4 billion people are living in poverty, 800 million are hungry, and 1.5 billion obtain food from land that is contaminated in one way or another. During the coming 14
years, the population of the Earth will rise by one billion. In order to feed the population
of the Earth, 14 per cent more food is needed for each decade that passes.

Add to this climate change, loss of biological diversity, nutrient leaching and a shortage of degradable
phosphorus.
These fundamental factors will place heavy demands on the global food supply system in the future. We cannot increase the area that is cultivated,
and thus we must reduce waste, increase harvests
and use a greater part of each plant. And all must
take place with radically decreased use of energy and
nutrients: we must, quite simply, increase not only
efficiency but also productivity in the complete food
supply chain, not least in agriculture. Or to put it
simply: Produce more with less!
The conditions in Sweden are favourable for producing food even in a changed climate. We have an
ample water supply, and even if the temperature in-

creases we will have a climate that is suitable for the
cultivation of many different crops. We also have
stable and fertile soils. Sweden is, however, also
facing a number of challenges related to climate
change. These include greater precipitation, wetter
fields, and changes in the pressure exerted by pests
(in particular from fungal diseases, but also from
insects).
Plant breeding has played a major role for farmers throughout history. It has principally contributed to larger harvests, measured in the total weight
produced. At the same time, however, the efficiency
of nitrogen use of many varieties has fallen, which is
important if agriculture has an ambition to become
more efficient in its use of resources. Breeding to
increase resistance has been the other main objective of plant breeding. Varieties with resistance to
various diseases have been developed, and this is a
never-ending task since many pests adapt and in this
way overcome the resistance of the plant.

Technology hand-in-hand with plant
breeding

Climate change increases the risk of Colorado beetle infestation in
potatoes. Photo: Alexander von Halem*.
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The interaction between technology and plant breeding has always been central. The development of cereals with short and stiff straw and ears that do not
release the seeds so readily is a precondition for combine harvesters. This is true also for rapeseed, where
harvest technology has changed as plant breeding
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has increased the stability of the seed capsules on the
plant. The current cultivation of green peas requires
varieties with stiff stalks and that are partially leafless. These can be harvested with a type of harvester
that is completely different from that used 35 years
ago. There has been a continuous interplay between
plant breeding and the development of machine
technology.
We are now experiencing a further leap in technology in society, which may be more rapid and more
revolutionary than any previously seen. I’m talking
about the digital revolution. Today, most of us carry around a piece of equipment that is still called
a “mobile phone”, even though it has many other
functions and a memory that is larger by an unbelievable amount than the memory of a computer 15
years ago. At the same time, robot technology and
sensors are undergoing development at an amazing
pace. We already have a number of applications for
agriculture that can measure harvests, map harvests,
estimate the nutrient requirements of different parts
of the fields, control fertiliser distributors and weedcontrol robots, etc. The digitalisation of agriculture
is in its infancy, and it is clear that the technology
will revolutionise the field in the coming 20 years.
The agriculture industry of the future will require
plant breeding that can deal with challenges in the
form of climate change, the requirement for more
efficient nutrient absorption and larger harvests
in an even more rapid and precise manner. At the
same time, agriculture must not deplete biological
and genetic diversity. Plant breeding must continue

to be able to develop crops in interaction with other
technological development. Digitalisation is here to
stay, and developments in the technology will make
further automation possible. Developments in sensor technology and information transfer will also
play important roles. It may even become possible
to obtain information directly from plants during
the growing period, while at the same time sensors
in the ground provide information about fluid and
nutrient conditions. Such developments will enable
the farmer to take the right action at the right time,
and thus use resources in a more efficient manner.
Modern biotechnology will be an important
component of this development, in which plants can
be adapted to the external conditions with high precision and knowledge about the exact properties that
are changed. It will remain important to work with
properties that reduce the requirement of chemical
pesticides and old technology, such as ploughing. It
should be possible to make more crops than just the
leguminous crops nitrogen-fixing, and able to fix
their own nitrogen. We also need new varieties that
make it possible to keep the soil covered by vegetation for as long a period as possible, in order to avoid
loss of nutrients.
Biotechnology is going to be one part of the solution to the problems we are facing, but it cannot be
the only component. We need to maintain a healthily sceptical approach to plant biotechnology and use
it in a manner that enables us to meet the challenges
we are facing.

Robot technology and sensors for use in agriculture are undergoing rapid development. Photo: Simon Edelman/Energy.gov*.
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Life at Stake
Peter Sylwan

– This is the greatest discovery ever made! The man making this statement is a physicist. But
why on Earth does a physicist consider DNA – a tiny little twisted biological molecule – to
be the greatest discovery that humans have ever made? Why doesn’t he choose the Big
Bang, the expansion of the universe, or Einstein’s discovery that E=mc2?
I am making a study visit to a building site that has
put a large piece of the best arable land in Europe
under steel and concrete. The site is where ESS,
the European Spallation Source, is being built, just
outside Lund. When completed, it will be the most
powerful “microscope” in the world. My guide, the
physicist, describes enthusiastically all of the new
conceivable – and inconceivable – discoveries that
the ESS will make. One example is what happens
when that tiny twisted molecule brings off the largest miracle of all: the way in which life can arise
from something as dead as sun, salt, air and water.
It is now that I start to understand why my guide
is talking about the greatest discovery ever made.
When James Watson and Francis Crick described
the structure of the DNA molecule in 1953 (for
which they were awarded the Nobel Prize in 1962),
they applied the tools of physics and mathematics
to the miracle, and wrote down the equation of life!
So what is all this going to lead to? There are risks
involved in predicting the future using history as a
guide, but one thing is clear when it comes to transforming discoveries into mathematics and writing
equations: It never turns out as you had imagined.
Nearly always, more arises of something than we
ever could have imagined. Just as occurred during
the complete 20th century.

The year of miracles
1905 was an Annus mirabilis. It was a year of miracles
when Albert Einstein reasoned his way to three ideas
about how the world works. These three included
E=mc2, the equation that summarises everything
that has happened since the Big Bang, and describes
how transient light can become solid matter – and
vice versa. Talk about the noble art of concentration.

And the ability to conceptualise! The first video clip
was uploaded to YouTube one hundred years later.
In the meantime, two world wars have passed, two
atom bombs have been detonated and people have
seen Earthrise on the moon… Who could have
imagined that? Or who could have imagined any of
the other events during the 20th century that in one
way or another are linked to Einstein, his three ideas
about light, time, space, the world and his equation?
Not quite 50 years after Annus mirabilis, Watson and
Crick published their discovery about the DNA molecule, and a further 50 years passed (26 June 2000)
before President Bill Clinton called a press conference at the White House and said that we had now
learned the language with which God created life.1
This was, of course, an exaggeration. A complete
language! The only things we have learned so far are
the letters in the alphabet of life, how many letters
there are, the order in which they are arranged, a few
words of life, and even a few complete sentences, or
instructions, if you prefer. Even so – it is truly beautiful, and extremely exciting. If we have managed to
learn a thing or two about what God said when he
or she created life, it is reasonable for us to find out
how he or she did it, and we can copy this. There are
many things there that are worth copying.
Many of the operations that we carry out in factories and laboratories with the aid of rare substances,
finite resources, hazardous chemicals and a large
consumption of energy, Nature herself manages
calmly without any fuss. And manages it with the
aid of resources that never run out (until the sun
becomes exhausted). Nature has been carrying on
like this for four billion years. Talk about sustainable development! Spiders can use dead flies to make
a web that is stronger than steel and lighter than

1. The press conference was held when the Human Genome Project presented a preliminary map of the complete human DNA (the human
genome).
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The very code of life has entered the digital world. Photo: Matthew Bowden, illustration: Darryl Leja; Michelangelo (Public Domain)*.

plastic. Trees can grow to a height of 100 metres
(the Turning Torso building in Malmö is 190 metres
high), transport water to the attic and move food
down into the basement, a further 50 metres under the surface. The human skeleton is as tough as
the composites that are components of the fighter
plane JAS Gripen – not to mention the enamel on
our teeth. Or the teeth themselves. Remember –
gene hunters drill into teeth to look for prehistoric
DNA and can find relatively undamaged material
that has been protected by the enamel and bone
for more than 100,000 years. And then there is the
most remarkable process of all – to capture and store
the energy of the sun in green life, with the aid of
photosynthesis. Photosynthesis and the green life
forms are the only methods we have of replenishing
the Earth’s larders. All natural gas, oil and coal have
been formed due to this ability of the green plants.
Just imagine what it would be like if we could copy
this mechanism and create our own artificial photosynthesis? Artificial trees, artificial leaves. Oil from
the sun, air and water! The blueprints and building
instructions are already there in the DNA of cells.
So Life beats us even in the area that we thought
we were best in, the area that more than any other
has connected a complete world and turned the 20th
century on its head: information technology.

The IT of life
Egg cells from mice, humans and blue whales are
approximately the same size – hardly visible to the
naked eye. All that can fit into such a small space
is information about how to make a human, mouse
or blue whale. The information about how it is all
to be done is stored in long sequences of the chemical letters (known as “nucleotides”) A, C, G and
T. We have a double set of 3 billion nucleotides in

every little cell. Since life reads its letters in triplets
(ACG, TGC, AAA, GTT and so on), the alphabet
of life consists of 64 symbols (4 x 4 x 4 = 64). Just as
the 29 letters of the Swedish alphabet can be translated to the ones and zeros used by computers, the
64 symbols of life can be converted to digital code.
Scientists have traditionally carried out their experiments in vivo (in living animals) and in vitro (in
glass cylinders, Petri dishes and test-tubes). Now,
however, scientists work also in silico – in the silicon
chips and mathematical models of a computer. The
very code of life has entered the digital world.
In common wheat, the wheat from which bread is
baked, there are nearly three times as many nucleotides in each cell as in a human cell. Remarkable.
And that’s not to mention the spruce tree, which
has the greatest number so far found in the DNA of
any organism: seven times more than the number in
human genetic material. Spruce trees have 42 billion
letters in each cell, so small that we can only see it
under a microscope. If we count the readable symbols, the material is equivalent to 14 GB of information, in a speck so small that it can’t be seen! So it’s
not surprising that scientists have attempted to – and
succeeded in – translating ones and zeros into the
symbols of the genes and back again. The sonnets
of Shakespeare and Martin Luther King’s “I have a
dream” speech have been translated into DNA code,
translated back into digital code again and broadcast
by a computer! If all the information that humans
have ever created could be translated into DNA code
and stored in the Global Seed Vault on Svalbard,
its size would be small enough to almost disappear
among the seed samples. And it would be possible to
store the information there permanently.
The comparison between DNA and language arises from the scientists themselves. The more research
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they carry out, the more parallels are discovered.
The language of the genes is complex: it depends on
context and interpretation is necessary – just as in
all other languages. The scientists have also raised
the idea of “cut and paste” in the DNA language.
Initially, it was a case of cutting complete words
and sentences – working genes – from the cells of
one species in which their meaning was known and
past-ing them into another plant so that they would
be read there instead and give the new plant new
properties.
But all of the tools – DNA scissors, DNA transporters and gene glue – used by the scientists are
already available in nature. They are found there,
since nature itself carries out extensive gene modification. For example, human DNA contains as
much genetic material from viruses, 5–8 per cent, as
genes of our own. The remaining DNA (just over 80
per cent) plays many other important roles, but does
not constitute genes. The point of viruses wandering
between species is that they probably played (and
possibly still play) an important role in evolution,
and in how the properties of organisms arose and
spread. Thus, as time passes, DNA passes, if not in
an unimpeded manner at least in a promiscuous and
natural manner, between species to an extent that
we never could have imagined when gene technology was new, more than 40 years ago.
The most recent news within DNA editing
is also based on one of nature’s own tools, an en-

zyme system that cuts and pastes DNA: CRISPR/
Cas9. Don’t try to understand what the abbreviation
means: it’s simply impossible. But remember it. The
discovery is often mentioned as a possible Nobel
Prize-winning discovery, and it was made partially
in Umeå, Sweden. The technique is now used all
over the world where scientists are studying what
genes do. It is possible to use CRISPR/Cas9 to edit
DNA right down to the level of moving, copying,
removing and adding individual letters and short
sequences of DNA in a complete DNA library – a
complete genome. Gene synthesisers, machines that
can manufacture synthetic DNA, have long been
available and the technology used to map the complete DNA of any living organism is now so rapid
and cheap that it can be carried out in pretty much
any biology laboratory at all, no matter how small.
Many of the new tools used by gene technology are
so easy to use, readily available and reasonably cheap
that biohackers and DIY-bios (do-it-yourself biologists) have become a phenomenon, with their own
community, in which synthetic biology is taken as a
given. Overall, biotechnology is starting to look as
the field of electronics looked when Steve Jobs and
Bill Gates built their first computers and wrote their
first programs in the 1970s. And we all know how
that ended.

The biosociety – on its way?
So, what will history say about us in 50 years’ time?

CRISPR/Cas9 allows scientists to cut and paste small pieces of DNA at exact positions along a DNA strand. CRISPR, which consists of specific
RNA guides, leads the Cas9 protein to the correct gene, or to the region on the DNA strand that controls a particular property.
Illustration: Ernesto del Aguila III, National Human genome Research Institute*.
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It’s obvious – that we saved the Earth and entered
the next phase after the knowledge society, the service society and the industrial society: the biosociety.
What is the alternative? In 50 years, we will be three
billion more people on Earth than now, and all will
want to be clothed, to be fed, to have a bed for the
night and a roof over their head, to send their children to school, receive a pension when old, to have a
car in the garage, meat on the table, and travel far
for their holidays. This is similar to the 20th century
Swedish dream – to own a house, a Volvo and a dog
– but just a bit more and a bit better. And don’t try to
make people who dream give up their dreams. There
is nothing that predicts social unrest and violence,
war and a total collapse of everything that goes by
the name of “sustainability” as accurately as people
losing their hope for the future. In order to avoid this
scenario, we need access to 50-100 per cent more
food, feed, fibre, energy and raw materials. Further,
these resources must be reasonably fairly distributed
and available at prices that people can afford – and
all this within 50 years.
It’s easy to do the mathematics. The average
harvest in the world is far less than what a modern
farmer in the Swedish county of Skåne – or anywhere else – can manage. But the world’s farmers
at the same time are blamed (partially unfairly) for
changes in climate, soil erosion, and eutrophication
of the oceans. There is only one way out of this dilemma. Solving the equation of producing more and
using less – of everything. Just like Särimner. This is
an old Norse fable of a boar that seemed to live on
air, was slaughtered and eaten every evening, and
was given new life for the next day if the bones were
replaced inside the skin. Särimner, however, is real.
Just consider the forest.
When a well-managed forest is “slaughtered” after growing, shall we say, for 50–60 years on good
land in southern Sweden, it has during each year
of its life converted sun, nutrients, wind and water
to a weight of biomass comparable with the weight
produced by a well-managed field during the same
period. And the forest regrows by itself, provided
that new trees are planted and the “bones”, i.e. the
nutrients that disappear when the trees are harvested, are replaced in the forest. Just as Särimner.
The forest simply grows, without anyone ploughing,
harrowing, sowing, adding fertiliser or spreading
pesticides. It just stands there and grows. And only
small amounts of soil and nutrients leak out from the
forest to the oceans, and small amounts of carbon to

the atmosphere. On the contrary, the forest sequesters carbon in the ground. If only humans had the
same strong intestines the spruce bark beetle or the
four stomachs of the elk, and if we ate, urinated and
defecated in the forest, the equation would already
have been solved. The question is whether we can
cultivate the crops we need as if they were forest – or
permanent grasslands – and still produce sufficient
amounts of everything we need.
Of course we can. But it will need plant breeding. Genetic engineering or gene manipulation if
you want to call it that.

Good and evil
It is likely that deliberate plant breeding was the
crucial strategic resource for the transformation of
society from a self-sufficient to an industrial economy. Plant breeding is an “enabling technology”. It
makes many other things possible, in addition to
giving cereals larger ears with a greater number of
heavier grains with the aid of (artificial) fertiliser.
Long straws must also be made shorter and strong
enough to stand upright and support the heavy ears.
Only then is it possible to harvest using the combine harvester of the industrial society – and liberate
workers to service the industry that manufactures
them. The arts of breeding plants and of converting
the nitrogen in the air to artificial fertiliser are probably the two human achievements that – together
with the art of cultivating the soil, agriculture – have
saved more lives than anything else in human culture. It is not surprising that plant breeder Norman
Borlaug was awarded the Nobel Peace Prize in 1970
and Fritz Haber, who discovered a method to produce artificial fertiliser (the Haber-Bosch process),
was awarded the Nobel Prize in Chemistry in 1918.
But Haber is known also as the “chemist of death”.
This is mainly because he invented the gas used in
chemical warfare, and because the art of making ammonia from hydrogen, which is the basis of the process for making artificial fertiliser, is also the basis
for all explosives used in war and terrorism. Anders
Bering Breivik had enough artificial fertiliser left
in his barn to make many more bombs, even after
the blast in Oslo. But there’s nothing new in saying
that science, like Janus, has two faces. Knowledge
can always be used both for good and for evil. And
someone always chooses which.
So what is the good that we should choose to
use CRISPR/Cas9 (a possible Nobel Prize-winning
discovery) and all other gene technology for? For
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what we need most of all – deeper knowledge about
the natural world. We can use it, for example, to
learn how green plants make life from non-living
molecules. And how they do this without the help
of a chemical, manufacturing or fertiliser industry,
without using fossil-based energy, without compromising biological diversity or eroding the soil, without any nutrients disappearing into the oceans, and
without the release of any carbon to the atmosphere.
We shall teach the crops in our fields to produce
in the same environmentally friendly manner as
the trees in the forest and the perennial grasses and
herbs in the permanent grasslands.

Liberating technology
Seen from this perspective, gene technology is not
simply information technology and manipulation
technology. It is also a liberating technology. By
incorporating knowledge into the plants and improving their properties, we can free ourselves from
many factors that agriculture came to depend on
during the development of agriculture and technology during the 20th century.
The forest and the grasslands are attractive examples, since many species in these ecosystems have
deep roots. Roots that, without needing to be renewed every year, provide the plant with nutrients
and water from crumbling, humus-rich and continuously covered soils, year after year. Everything is in
the genes – and perennial variants of several common crops are already available. New ones are being
developed, some of them at the Swedish University
of Agricultural Sciences (SLU) in Alnarp. Plant
breeders at Alnarp are developing a completely new
perennial oilseed crop, and it may soon become
comparable with rapeseed. Research is also under
way to give annual crops deeper roots, and variants
of our common crops that have become more efficient in their use of nutrients with the aid of gene
technology are already available.
Deep roots, high yields and perennial plants – all
of these properties reduce the need for fossil-based
energy, and also convert agricultural land from a
source of greenhouse gases to a sink. With the aid of
plant breeding we can develop a climate-smart agricultural industry and give compensation to farmers
for sequestering greenhouse gases in growing crops
and the humus of the soil.
In nature, resistance is the rule and susceptibility the exception. Several agricultural crops have
been given resistance against insects using tradi-
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tional gene technology. The crop has been given a
gene for a natural toxin from a bacterium. CRISPR/
Cas9 opens totally new possibilities that have nothing to do with toxins. There is nearly always advanced and specialised communication between
the attacker and the host plant. If this communication is disrupted by removing or displacing a
few letters in the gene that participates in it, the
plant becomes “invisible” to the enemy and toxinfree protection is established. It can take the pest a
very long time to adapt to this – if it ever does. The
plant simply no longer exists in the world of the attacker. So instead of adding a complete gene from
an external donor (as was done with the old methods of gene technology), the plant breeders can use
CRISPR/Cas9 to remove a few letters from one of
the plant’s own genes and in this way create a more
sustainable plant protection.
Since everything is written in the genes, everything can be edited and programmed. Only through
more research can we discover what types of crops
scientists can develop and whether they benefit society, the public, the environment, the climate and
nature. Self-fertilising perennial plants with integral
resistance. Food without harmful substances and
more healthy ones... It is probably simply a matter
of placing an order, providing sufficient money for
research and development, and then sitting back to
wait. Plant breeding needs time, although the new
technology makes it much faster than ever before.
There are, however, three major obstacles along the
way towards what we want.

Obstacles – or maybe possibilities?
The first is that plant breeding in general, and plant
breeding based on gene technology in particular, is
dominated by large global companies. These companies often work not only in plant breeding but also in
production of agro-chemicals. They have no primary
interest in a) seed that can grow and be marketed
only on a small Nordic market, b) seed that reduces
the need for their chemical products (or artificial fertilisers), or c) seed that needs to be resown only every
third or fourth year.
This means that most of what we desire and that
is of long-term value for society, consumers, the environment and the climate will most probably come
about only through research in publicly financed
institutes. But publicly financed plant breeding has
very little money. It has been surviving on starvation
rations for decades. A lack of resources for publicly
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financed plant breeding is thus the second large
obstacle in developing new seeds that are environmentally friendly.
No matter what is possible and whatever the
conclusions of the research community, a third large
obstacle must be overcome before that which can be
done is done – in Europe. It currently costs approximately EUR 10 million to guide a plant through
European safety regulations. If it is approved by the
EU, however, individual countries can still prevent
its cultivation, if they quite simply do not want to
have GM crops in their fields. Furthermore, it is
extremely uncertain how new gene technology, such
as the use of CRISPR/Cas9, will be assessed. Are
the results to be regarded as GMOs or not? Only the
huge international seed and chemistry companies
can pass through this three-element obstacle course.
If they are interested in Europe at all, that is. It is
possible that we could manage without GM varieties from the large companies, but for this we need
our own creative seed companies that can use all the
available knowledge and technology to create plants
with the properties that we want and need. But who
can, who wants to, who has the courage, and who
can afford to invest in the field, given the conditions
and uncertainty that are currently prevalent?
This is worth repeating. There is no other way to
replenish the larders of Earth than photosynthesis
and green organisms. In addition, the way in which
we manage these has a fundamental significance for
how we cope with the threats of climate change, sea-

bottom death, ocean acidification and soil erosion.
Thus plant breeding, biotechnology and research
into our “life resources” are the most important strategic tools we have in work to achieve a sustainable
society. These tools are – to say the least – worth
something corresponding to a Swedish or European
investment of the type that established SciLifeLab
in Stockholm, ESS in Lund, CERN in Switzerland,
or a couple of new life science universities exclusively
devoted to research in biotechnology and molecular
biology, plant breeding, development and knowledge
communication – throughout the whole of society.
We also require completely new European safety
legislation that covers all plant breeding, independently of whether it is a case of normal breeding by
mutation, “classical” GMOs, the use of CRISPR/
Cas9, or any one of all the other new technologies
that already exist or are in the pipeline. We need legislation that looks at the properties, independently of
the breeding technology used. We need regulations
that can give a green light rapidly and cheaply to
risk-free properties with a large benefit to society,
but that requires stringent and extensive tests for
risk-filled properties of doubtful benefit to society.
Regulations that stop pure madness. Without modern and flexible regulations, reasonable and fair
patenting regulations, and a strong political will, the
greatest discovery ever made by humans will never
have a reasonable chance to demonstrate its usefulness in coping with the greatest challenge humanity
has ever faced.

Forests and permanent grasslands can serve as examples for future cultivation systems. Photo: Peter Sylwan.
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Swedish Plant Breeding –
from the Front-line of Science
to Low-priority Operations
Anders Nilsson

New technology, and in particular gene technology, has played a crucial role in changes
in Swedish plant breeding. An area given high priority by the Swedish government
was built up through several decades, only to be subsequently disassembled, step by
step. Plant breeding is now no longer treated by the government as having strategic
importance. I have followed the process in various roles since the end of the 1970s.
Three large plant breeding units, each with its own
profile, were active in Sweden under a relatively
long period, from the 1910s until 1992. Sveriges
Utsädesförening in Svalöv, a hybrid between a nongovernmental organisation and a public institute,
was characterised by a sound scientific environment
and a large international research network, which
lead to many visiting scientists and external stimulation for the work. This meant that plant breeders
at Svalöv readily adopted new technology, such as
mutation research and chromosome doubling, and
used it in practical breeding to develop new varieties. One important explanation for the prominent
research environment that grew at Svalöv was that
the government had invested resources there, ever
since the 1920s.
A second major player was W. Weibull AB, a
family-owned company, whose success was based
on a combination of skilled plant breeders with an
understanding of what the customers wanted and an
efficient seed marketing organisation. The academic
basis of the company was not as well-developed as
that of Sveriges Utsädesförening, and its international network mainly consisted of similar familyowned plant breeding companies.
Hilleshög AB, the third major plant breeding
company, took a different approach. The company
initially bred solely sugarbeet, and revolutionised in
the 1960s the way in which it is grown, with a seed
(a monogerm seed) that does not require singling.
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Farmers could now sow sugarbeet seeds that gave a
ready-to-harvest crop with individual plants separated by a fixed distance, and they did not have to
carry out the work-intensive step of singling. This
innovation was a great success for Hilleshög AB on
the international market for sugarbeet seeds. The
huge profits made by the company and the spirit of
entrepreneurship that characterised the management made it natural that breeding should be extended to other crops.

The government and the agriculture
industry invest in plant breeding
A first wave of investment, acquisitions and mergers of plant breeding companies took place in the
middle of the 1970s, driven by the oil and pharmaceuticals industry. Swedish plant breeding was a
strong player in the field, but even so came under
threat. The Minister for Agriculture at the time,
Svante Lundkvist from the Social Democratic Party,
realised this, and commissioned Professor Åke
Gustafsson to conduct a one-man governmental
inquiry. I was subsequently appointed as secretary to the inquiry, which discussed, among other
things, the formation of a research institute for the
plant breeding industry. This idea, however, was
doomed to failure in that the three plant breeding
units involved all had different ideas of what such
an institute should work with, and how it should be
organised. Instead, Svalöf AB was formed in 1980
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by merging the plant breeding activities of Sveriges
Utsädesförening and the seed business of Allmänna
svenska utsädesaktiebolaget. The new company was
owned equally by the Swedish government and the
Swedish agricultural cooperative, Lantmännen.
Support for non-profitable plant breeding of smallvolume crops and for Norrland, together with applied
plant breeding and pre-breeding (the step between
research and practical plant breeding) was increased
to SEK 32 million per year from 1980 onwards.
The grant was managed by a special committee,
and initially increased annually to keep pace with
inflation. The Department of Crop Genetics and
Breeding was established at the Swedish University
of Agricultural Sciences, initially placed at Svalöv
and later moved to Alnarp.
The government inquiry into plant breeding had
invited 17 leading scientists and plant breeders to
submit their ideas about the long-term research that
should be undertaken, and to suggest objectives for
this research. It is interesting to see that many of
these submissions, written in 1976 and 1977, take up
issues that are still highly relevant, and to see that
the future use of technology for gene transfer, specific mutations and genomic analysis was discussed.
These are the conditions under which Swedish
plant breeding developed during the 1980s. During
these years I was research secretary at the Federation
of Swedish Farmers, LRF, where one of my roles was
as LRF representative on the committee that dealt
with grants from the government and the agriculture industry for unprofitable plant breeding. Some
attempts were made to merge the three companies,
but these never progressed further than discussions,
particularly after Hilleshög AB had been sold to the
Swiss pharmaceuticals and chemicals group Sandoz.
The first results of the application of gene technology
to plants were reported during these years, and there
was much speculation about rapid advances in the
field. The Swedish plant breeding companies were
just as committed as other companies in the indus-

try, and discussed how the new technology could
be used. Scientists at Hilleshög AB and Svalöf AB
were working on the regeneration of plants from
individual cells, which involves getting these cells
to divide and develop to fertile plants, and thus the
fundamental knowledge required to be able to apply
the new technology was available in Sweden. When
Sveriges Stärkelseproducenter (Lyckeby Starch,
commonly known as “Stärkelsen”) contacted Svalöf
AB in 1987 to work together on the development
of particular properties of potato starch, everything
was in place to start working with this with the aid of
plant biotechnology. It was, however, first necessary
to determine that the variation that was required
was not available in any variety bank or gene bank.
It was a question of developing only amylopectin
starch, i.e. starch with branched chains, or starch
with as high a content as possible of amylose starch,
which has a straight chain. It was the general opinion in Stärkelsen that there were interesting technical applications of both of these starches that would
increase the competitiveness of the company’s products on the international market. Amylopectin
starch could be used in the manufacture of paper
and paperboard with better printability, while amylose starch was seen as a potential raw material for
bioplastics. The collaboration between Svalöf AB
and Stärkelsen was given a formal structure by the
formation of Amylogene.
The project manager at Svalöf AB, Anneli
Tallberg, established contact with scientists at the
Max Planck Institute in Cologne in order to gain
access to the new technology for gene transfer. Work
started at Svalöv, and the first evidence that gene
transfer had occurred was soon presented. In the
spring of 1990, Anneli Tallberg and myself, who
had in the meantime been appointed as head of research at Svalöf AB, travelled to Cologne to discuss agreements with Geoff Schell about access to
the know-how that MPI Cologne possessed. Geoff
was one of the principal figures in the early devel-
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Potato starch in an optical microscope, polarised light, magnification 100X. Photo: Photon 400 750*.
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opment of plant biotechnology. It became clear to
us that Svalöf AB was far in advance of other traditional plant breeding companies when it came to
applying the new technology for gene transfer. The
discussion took place in a healthy atmosphere, and
we were not presented with requirements for large
licensing payments.

Collaboration Svalöf Weibull AB – BASF
Work to develop potatoes with solely amylopectin
starch progressed well, and the first field trials were
carried out in 1992. This led, in turn, to Stärkelsen
suggesting further properties that would be interesting to develop, primarily frost tolerance in potatoes, since a late spring frost or an early autumn frost
can limit the yield from Swedish cultivation. Again,
there was in this case no natural genetic variation
that could be exploited. While it was true that one
frost-tolerant variety was cultivated in Alaska, it was
a pentaploid variety (which means that it had five
sets of chromosomes), and it could not be crossed
with the normal potato (which has four sets of
chromosomes) without great difficulty. The search
for genes that could confer the desired property led
to a gene from an Arctic flounder being identified
and transferred to potato. We published information about the ongoing developments freely, which
led to some protests and discussions with opponents
to gene technology during the mid 1990s. Since the
risk for gene spreading from potatoes was minimal,
and any plants that went astray did not have a competitive advantage outside of the field, the project
continued. Experiments carried out with permission
from the Swedish Board of Agriculture soon showed
that the gene that had been inserted did not confer
any noticeable higher tolerance of frost. The project
was for this reason terminated, but it had already
influenced the trust of the general public for further
work, although I and others involved in Amylogene
were fairly unaware of this at the time.
Swedish agriculture was deregulated at the beginning of the 1990s, and Swedish plant breeding
came under severe pressure. The market for seed fell
heavily due to a reduction of the area under cultivation, and due to the fact that farmers increased the
use of farm saved seed. Svalöf AB and W. Weibull
AB merged to form Svalöf Weibull AB in 1993,
fully owned by Lantmännen. The government had
in this way ended its direct involvement in Swedish
plant breeding. At the same time, Svalöf Weibull
acquired the German breeding company Semundo,
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which had operations in several countries. A major
change of structure was carried out, both in Sweden
and abroad, and the overall investment in plant
breeding was cut. The contributions made by the
government and the agricultural industry to plant
breeding, which now was handled by the Research
Council for Forestry and Agriculture (SJFR), and
subsequently through Formas, were heavily cut.
Even so, four projects could be established alongside
the work in Amylogene. These involved the development of resistance to insects in rapeseed, resistance
to viruses in potato, resistance to fungal infection in
cereals, and the use of gene markers for selection.
Svalöf and Weibull had separately started to market their varieties of spring oilseed rape and spring
turnip rape in Canada at the end of the 1980s. These
were soon successful, and plant breeding was directed towards developing specific varieties for this large
market. Success continued in Svalöf Weibull, and
the company had a market share of over 50 per cent
for some years of the 1990s. This meant that Svalöf
Weibull was courted by biotechnology companies
that were working with herbicide tolerance in rapeseed using several approaches. These companies
wanted access to the gene pool that Svalöf Weibull
had built up, and to the knowledge it had about
rapeseed breeding. Herbicide tolerance in rapeseed was a property that farmers on the Canadian
prairie wanted, since it would make more effective
weed management possible. The crop can be sown
a few weeks earlier, and in this way the harvest is
larger, more reliable, and of better quality. Svalöf
Weibull entered into agreements with three biotechnology companies about access to gene constructs
for tolerance to three different herbicides: glyphosate (RoundUp) from Monsanto, glufosinate (Basta)
from AgrEvo and bromoxynil from Rhône Poulenc.
The first steps in the breeding could be carried out
in greenhouses and on fields at Svalöv, while later
selection and testing was carried out in Canada. But
Svalöf Weibull was late to the party, since these biotechnology companies had several years’ head-start
in breeding, and Svalöf Weibull could not maintain
its position in the market. The setup also meant that
a great deal of work had to be put into ensuring that
gene transfer between the different materials or to
surrounding rapeseed cultivation in Sweden did not
occur. It became easier after a few years when the
breeding was focused onto tolerance to RoundUp,
since this was the character that farmers in Canada
primarily wanted.
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Negotiations with biotechnology companies
about access to these gene constructs were problematic. It was clear that it was only Svalöf Weibull’s
market position for spring oilseed rape in Canada that
allowed the company to achieve these agreements.
Patents and patent applications for technology that
was owned or controlled by the large biotechnology
companies were clear obstacles to continued development of the projects that Svalöf Weibull had
started. When several acquisitions of plant breeding
and biotechnology companies by a few large players,
led by Monsanto, took place at the same time in the
mid 1990s, the owners and management of Svalöf
Weibull came to the conclusion that a relatively
small player such as Svalöf Weibull could not gain
guaranteed access to the new technology on its own.
The Swedish market was too small. Soundings took
place, in which I was involved as head of research at
Svalöf Weibull, and these led to an agreement about
collaboration with BASF. This German chemicals
group also wanted to join the party as the last of
the six major international plant protection companies. In 1999, BASF became part-owner (40
per cent) of Svalöf Weibull, and at the same time
Svalöf Weibull’s efforts in the development of plant
biotechnology became part of BASF Plant Science
(BPS). Svalöf Weibull became part-owner (15 per
cent) of the latter company. A large fraction of the
purchase price of the partial ownership in Svalöf
Weibull was placed into a fund to finance Svalöf
Weibull’s part of the investment in biotechnology
that BPS now carried out.

BASF Plant Science opens new possibilities
A completely new world opened for Svalöf Weibull,
even though we had until then been an independent
subsidiary of the Lantmännen group. BASF was
more than 10 times larger and had different structures, methods and resources. There were many trips
to Limburgerhof, outside Frankfurt. There was also
fairly large turnover for many of the positions in the
organisation, since BPS acted as something of a nursery for young employees in BASF. For this reason
it was important to maintain good contact with key
personnel in the management of BPS – people who
knew what was what and who ensured continuity.
The management at BASF invested in BPS and
the collaboration with Svalöf Weibull, since it was
convinced that advances within plant biotechnology
would in the long run be able to replace a considerable part of the chemical plant protection products

Despite early success with its spring rapeseed, Svalöf Weibull could
not maintain its market position in competition with the large
biotechnology companies. Photo: Tilo Hauke*.

that accounted for the greater part of the company’s
business within agriculture. Furthermore, it was expected that it would be possible to develop green
chemistry that could be used to develop new products in other segments of the BASF operations,
such as surface treatment, health products and animal feed. Ample resources were now available to
build a platform for BPS, and units were established
in Germany, the US, Canada and Sweden.
Several projects were included in the portfolio
from the start, and others were added during the
initial years. At the same time, projects that didn’t
meet expectations with respect to scientific results,
scheduling, patentability or economics were continually being terminated. The projects and activities
that Svalöf Weibull had contributed met various
fates, sooner or later. The first to disappear was the
work to introduce resistance against the viruses that
give rust-coloured rings in potatoes, a problem that
is mainly found in north-western Europe. It was
concluded, justifiably, that the situation with respect
to patentability was far too unsure, and the market
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too small to be able to pay for the development and
everything else that is required to obtain a marketing licence. The licensing process even then was estimated to cost SEK 100 million, and this set a stop
for several suggested projects.
Resistance to pollen beetles in rapeseed was
another project that Svalöf Weibull brought to the
table that became subject to intense discussions.
We did not have access to Bt genes (genes from the
Bacillus thuringiensis bacterium) and had chosen to
work with lectins from pea species, a special group
of proteins, some of which were toxic to insects.
Our colleagues in BPS agreed that it appeared to be
impossible to use Bt genes, given that competitors
had been awarded patents for this. About this time,
biochemist Árpád Pusztai published results showing that rats fed potatoes that contained a substance
closely related to lectin suffered health problems.
The scientific community found that the article was
not of an acceptable quality, and pointed out that
rats cannot cope with being fed solely raw potato.
However, the complete management group of BPS
came to the conclusion that the debate that followed
Pusztai’s article, during which Prince Charles of
Great Britain also criticised GM crops, made any
project with lectins impossible.
The company was sensitive for any problem that
could arise during the licensing process. The experiences that BASF had had concerning the registration of chemical pesticides meant that the company
took these questions extremely seriously. Another
factor here was that BASF did not have a broadspectrum herbicide that could be used to develop
herbicide tolerance.
One of the projects that Svalöf Weibull brought
to BPS concerned resistance to fungal infections
in cereals. This was a central issue for BPS, since
BASF had a large portfolio of fungicides (chemical
pesticides that act against fungal diseases). Given
the faith that the group had in plant biotechnology,
it was strategically important that this concept was
developed as close to the management of BPS as
possible, and this meant that the project was placed
at Limburgerhof in Germany, not in Svalöv. The
company injected a great deal of resources into this
through the years, but a useful product was never
developed.
After extensive negotiations, Stärkelsen was persuaded that it would be best for BPS to take over
responsibility for Amylogene, not least in order to
eventually seek a marketing licence within the EU.
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BPS regarded the “amylopectin potato” as a good example of a property that could be introduced within
the EU – its use was solely technical, and the risk
of gene transfer minimal. Regulatory approval was
finally granted 13 years after Amylogene had put
together the original application, but by then both
BPS and the market had grown tired of waiting.
However, the work with the amylopectin potato
had led to the establishment of contacts in the potato industry. When Agrico, one of the two leading
Dutch companies that marketed seed potatoes, lost
confidence in its ability to develop late blight resistance in potatoes and bring a product to market, the
company contacted BPS. BPS agreed to take over
the project, which was a good complement to the
company’s other projects. In addition, scientists in
Wageningen had already completed the fundamental work of isolating new genes for resistance from
a relative of the potato. Agrico partnered Svalöf
Weibull in marketing varieties derived by the potato breeding work in the Netherlands. It was, therefore, encouraging that the line that was selected for
registration was based on a new, promising potato
variety, Fontane, from Svalöf Weibull.
One project that BASF had backed right from
the start of BPS was the development of long-chain,
polyunsaturated fatty acids in oilseed crops. Initial
work was directed towards a dietary supplement,
and was initiated by German scientists in collaboration with BASF. The focus of the project gradually
shifted to developing fish feed that could replace fish
meal. However, the project has proved to be more
difficult than anyone imagined. The first, optimistic project manager predicted that a product would
be close to marketable status in 2008, i.e. nearly 10
years ago. The collaboration that BASF established with Sten Stymne’s research group at SLU in
Alnarp has led to levels of fatty acids within reach
that are required to be able to replace fish meal in
the feed for salmon, while at the same time being a
commercial success.

Collaboration with BASF wound down
In the spring of 2006, the management of Svalöf
Weibull decided to change the company strategy
to achieve higher profitability. Parts of the international network were dismantled and around 50 employees working in plant breeding were laid off. The
collaboration between Lantmännen and BASF, on
Svalöf Weibull and BPS, was ended by Lantmännen
in 2009. Obviously Lantmännen had come to the
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conclusion that the collaboration with BPS was not
giving results that could be used in plant breeding
for products on the northern European market.
Another factor was that savings in administrative
costs could be achieved by placing Svalöf Weibull
into the Division for Agriculture. BASF in turn
decided in 2013 to end its development of GM varieties for Europe, which meant that the application
for regulatory approval of the late blight resistant
potato variety Fortuna was withdrawn. Opposition
to granting approvals for the cultivation of GM
plants within the EU was powerful, and the work
of developing new GM plants for cultivation was
transferred from Europe, mainly to the US.
In hindsight, the question can be raised of
whether Svalöf Weibull’s collaboration with BASF
has left any traces in the entity that used to be
known as BASF Plant Science? The answer is a clear
“Yes”. The management and plant breeders at Svalöf
Weibull could point to what is necessary to make
it possible to keep to the tight schedules that project managers tend to draw up. Svalöf Weibull demonstrated also how important it is to minimise the
risk of gene spreading, also during the development
phase. Giving priority to yield consistency above absolute yield is a third perspective that Svalöf Weibull
introduced into BASF, and this has contributed to
BASF’s current collaboration with Monsanto in
the development of varieties that cope better with
drought.

It is possible to ask in a corresponding manner
what impressions the 10-year collaboration between
BASF and Svalöf Weibull has left on the plant
breeding activity that remains within Lantmännen.
In brief, these are the following: experience in managing questions relating to patenting and licensing,
the insight that Lantmännen cannot take a product
the complete way to market approval as specified
by the EU regulations for GM plants, and the importance of always asking whether it is possible in a
rapid, safe and effective manner to reach the objectives and develop the requested properties without
GM technology.
Swedish plant breeding has passed from a situation in which extensive applied research (partially
government-funded) was carried out within a network of breeding programmes and breeding institutes
in Sweden and abroad, to one in which breeding
is concentrated onto a few crops, and conducted
principally in Sweden. The resources available have
been severely curtailed. The plant breeding carried
out by Lantmännen, which is now a relatively small
and regional operation, does not have the preconditions required to develop technology that requires
approval according to the current regulations of the
EU. The main pathway forwards, therefore, will
be plant breeding with the aid of technology that
does not require this type of licence before it can be
marketed.

SUPPORT FROM THE GOVERNMENT AND THE AGRICULTURE INDUSTRY
TO UNPROFITABLE PLANT BREEDING AND PRE-BREEDING (SEK MILLION)
Year
1980
1985
1990

Not adjusted Adjusted to the
for inflation price level of 2016
32
100
35
71
38
57

Comments
Long-term projects from the Swedish Board of Agriculture
Long-term projects from the Swedish Board of Agriculture
Long-term projects from the Research Council for Forestry and Agriculture

1992

38

51

Long-term projects from the Research Council for Forestry and Agriculture

1994
2000

16
14

20
17

2006

12

13

2009

8

8.4

2012
2016

7.5
8

7.5
8

Programme grants from the Research Council for Forestry and Agriculture
Programme grants from Formas.
1–3-year projects from Formas/Swedish Farmers’ Foundation for
Agricultural Research
Programme carried out at the Swedish University of Agricultural Sciences
(SLU)
SLU 6, Nordic PPP 1,52
SLU 6, Nordic PPP 2

1) Adjusted according to the retail price index (RPI).
2) Nordic collaboration in a Public Private Partnership for pre-breeding.
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Members of the Public just as
Important as Experts
Jenny Jewer t

Christel Cederberg.

Thomas Rosswall.

Photo: Chalmers University of Technology.

Photo: Private.

A discussion with Christel Cederberg and Thomas Rosswall

What role can plant biotechnology play in Swedish
agriculture?

Thomas:
– It is one technology among many. Plant breeding
has always been used, but what we have now are
more precise methods. We can make much more
specific changes with CRISPR/Cas9, which is very
useful. We must not discard all of the possibilities
that GMOs offer, simply because Monsanto has developed crops whose benefit to society is doubtful.
We must remember that there are other properties
than tolerance to herbicides that we can confer to
plants using this technology.
– But since the regulations are complicated and
it’s expensive to apply for licences, all the small inno-
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vators get squeezed out, leaving only Monsanto and
other large companies that focus on large-volume,
global crops that make commercial sense. This is
not what Sweden needs. We need to tailor solutions to our requirements, solutions that can lead to
export within the region or in temperate regions.
Government funding, however, is very low, and the
small companies cannot afford to develop new varieties.
Christel:
– Developments in technology are coming at an
amazing pace, and it’s not enough to regulate
GMOs according to the existing EU regulations.
The question is which form of regulation we must
have for the properties that are to be released. This
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is an extremely important debate, and one that is
difficult to conduct.
Why is it so difficult to have this debate?

Christel:
– This is what I think: If we go back 15 years to
the time when experts had looked at the question
of whether we should introduce the property of
RoundUp resistance in oilseed rape in Sweden…
I’m not convinced that the EU and Sweden would
have refused to allow this property. However, since
we haven’t used RoundUp-resistant crops in Europe,
we have avoided the problem of resistance among
weeds. In the US, in contrast, 40 per cent of the area
under cultivation has problems with weeds that are
resistant to RoundUp (glyphosate). As an alternative to RoundUp-resistant crops, the agrochemical
company Dow Agrosciences has developed varieties that are resistant to a more toxic pesticide –
2,4-dichloro-phenoxyacetic acid. This is clearly not
the way to go!
Thomas:
– The problem is that plant breeding has been focused on herbicide tolerance. But genetic modification can be used to achieve many other things,
such as more efficient nutrient uptake and increased
tolerance to drought. The results in such cases are
completely safe.
What properties do you want plant breeders to work
with, Christel?

Christel:
– We would gain a great deal if our leys could last
longer. In Ireland, they are left for 10 years before
they are re-seeded. In Sweden, we have to re-seed
the leys after 3–4 years. The clover disappears due
to our hard winters and clover rot. But at the same
time, you have to ask the question: Are any risks
involved in breeding clover to resist root rot? What
would happen if the clover spread in nature? Would
it have competitive advantages over other plants?
Could we manage the risk if we had ethical boards
and risk assessment groups that evaluated new varieties?

“We need scientific knowledge on which
to base our decisions. But we don’t have
enough evidence from research on our ecosystems and biological diversity.”
– Christel Cederberg

Christel:
– We need scientific knowledge on which to base
our decisions. But we don’t have enough evidence
from research on our ecosystems and biological diversity. These are complex questions and there is a
risk that experts will be listened to very carefully.
Thomas:
– But that’s true of everything. You have to try to
build in as much safety as possible and be prepared
to re-evaulate decisions. Today’s legislation is out-ofdate. The Swedish Board of Agriculture has given
the green light to new varieties developed with the
aid of CRISPR/Cas9, but that technique wasn’t even
known when the regulations were drawn up.
Christel:
– Think about what happened about swine flu vaccination. The experts said that everyone should get
vaccinated – and then the problems with narcolepsy
arose. I’m starting to become a bit sceptical of large
groups of experts.
What do you want instead?

Christel:
– I think that dialogue with the general public is important. They must also be represented in the groups
by, for example, politicians, non-governmental organisations and consumer representatives.
Thomas:
– Yes, I agree. That’s why the Mistra Biotech biotechnology programme (see p. 65) is so interesting.

“Why do consumers accept medicine produced using these methods, but not food?
It’s ridiculous from a scientific point of
view.”
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The programme director is an expert in ethics from
the Royal Institute of Technology, not a geneticist.
Scientists in the programme focus on, among other
things, how consumers experience the new technology. Why do consumers accept medicine produced
using these methods, but not food? It’s ridiculous
from a scientific point of view.

“Plant breeding is extremely important,
but I don’t believe that the use of GMOs to
save Europe’s food production is a viable
alternative.”

Christel:
– But that’s the way it is, in reality.

Thomas:
– I don’t know the answer to that. But we can’t put
the genie back into the bottle. That’s why the regulations must be as sensible as possible. It’s clear that
the more precise methods we use, the better it will
be. But we always come back to the question: “What
are we trying to create?” I’m happy to accept some
aspects of what the scientists are trying to create. But
I see enormous problems, as Christel also does, with
other aspects. One example is inserting tolerance
against 2,4-D – this is just crazy!

Thomas:
– Indeed, and you can’t sweep it under the carpet,
as some scientists do by saying: “I’m a scientist and
I know that it’s like this”. And then expect the public to agree with you, when it’s obvious that they
quite simply don’t! This is why the consumers are so
important.
Christel, has your opinion of plant biotechnology
been changed during the Dialogue Project?

Christel:
– I am still sceptical to first-generation GM crops,
such as RoundUp-tolerant varieties and Bt crops.
These haven’t solved the problems of poor crop rotation. In Brazil, these crops have instead rather stimulated the construction of enormous production
units specialised for soybean. And problems with
resistant weeds arose after a few years.
What’s the answer to this problem?

Christel:
– The long-term answer is not to use chemical herbicides, but instead robots that clear the weeds. GM
technology, however, has not stimulated the development of such a system.
So what can we use the new plant biotechnology
methods for?

“Our ambitions with respect to self-sufficiency are a part of the package when we
assess what to cultivate.”
– Thomas Rosswall
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– Christel Cederberg

Christel:
– Industrial-scale crops for a biobased economy will
be possible in the future. With respect to food, this
is a difficult question. We have mentioned world
hunger – but more people are overweight than starving. What is Sweden to do? We can send grain to
Africa on an ad hoc basis, but maybe it should be our
goal to discover which diets are good for the planet.
Thomas:
– Specialised crops for export are exciting, as are
healthy foods that consumers want, biobased materials and pharmaceuticals. There are many possibilities. But this is also a political question. Sweden’s
degree of self-sufficiency is low compared with, for
example, Finland. Ideas related to preparedness for
a time of crisis, and thus production of food within
the country’s borders, are different in Finland. Our
ambitions with respect to self-sufficiency are part of
the package when we assess what to cultivate.
Christel:
– Once again: plant breeding is extremely important, but I don’t believe that the use of GMOs
to save Europe’s food production is a viable alternative. I would rather discuss what we are going to
use Sweden’s agriculture for. I want to review the
legislation, but I think that the expectations on plant
biotechnology that some people have, including participants in the Dialogue Project, are too high.
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Thomas:
– Indeed – there is too much focus on the producers,
and being able to use GMOs to increase production.
Is that really going to happen? Plant breeders have
developed late blight resistant potatoes and starch
for industrial production.

Thomas:
– Fair enough, but then we return to the question of
the regulations that make it difficult, and the failure
of consumers to accept the products.
Christel:
– I am convinced that new regulations are necessary.
But we need to think about who is to be involved
with assessing the varieties and the decision-support
information that we must have. There is a huge difference between a potato that produces starch for
the pulp and paper industry and the cultivation of
RoundUp-tolerant rapeseed throughout Skåne.
– It is important to discuss the regulations, and
to discuss at the same time how we are to evaluate
proposals for gene modification that arise from the
new technology. How is this work to be organised?
What will be required before a politician makes this
process of change a burning issue he or she is prepared to work with?

Christel:
– If I were a politician I would say: “Look at what
has been done using the CRISPR/Cas9 method.
Scientists have now gone in and modified the genetic material of Arabidopsis. And this has happened
without being subject to any regulations at all. In
five years’ time we may have many plants that are
totally out of control.”
Politicians have cut the grants for plant breeding dramatically. What do you think about this?

Christel:
– It’s a disaster, since we have a special climate in
Sweden. If we are to develop varieties that are adapted to our climate, we will have to collaborate more
closely with Norway and Finland. Latitude is a major factor in determining the crops that we cultivate.

“Science alone is not the answer. It’s also
necessary to have a financially viable sector that can bring the new varieties to the
market.”
– Thomas Rosswall

Thomas:
– I agree completely. But science alone is not the
answer. It’s also necessary to have a financially viable
sector that can bring the new varieties to the market.
How can we create favourable conditions for national and regional plant breeding companies?
Has the time come to set up a publicly financed plant
breeding institute, one that also has commercial objectives?

Thomas:
– Yes, that’s a possibility, but it would have to be on
a Nordic basis. Our experience of Nordic collaboration is good, and so it would be easy to manage.
Christel:
– Climate change will force more plant breeding.
Regional climate differences will increase, and the
difference between, for example, southern France
and Skåne will be enormous. A certain amount of
plant breeding is still carried out in Sweden. If more
money were made available, I am convinced that
there is a market for the products.
– It’s important to place Sweden into a global
context, not only because we import a great deal of
our food, but also because as a wealthy country we
can set an example with respect to developing new
production systems, with a larger fraction of perennial crops and a lower use of pesticides. Plant breeding is an important part of both of these aspects.
Sweden should not leave an open goal and allow
others to propose new thoughts and ideas unopposed. We don’t when it comes to energy, and I don’t
think we should do it when it comes to food, either.
Are we failing to get others to listen to our thoughts
and ideas?

Christel:
– There’s a risk of this, if we reject all types of new
technology in plant biotechnology, such as applica-
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tions of the new CRISPR/Cas9 methods. But a
broad discussion in society about how the new technology can be used in food production is important.
I am prepared to listen to the ideas of others about
how this is to be done. It’s necessary to listen to
many people’s ideas.
How can the opinions of the general public about
new powerful tools be made more reasonable?

Christel:
– If you go out on the street and ask people what
CRISPR/Cas9 is, it’s probably only one in a hundred who can answer. We haven’t even had an ethical discussion of these new pioneering techniques.
The UN’s International Panel on Climate Change
(IPCC) has impressed greatly with its work. More
such panels are required to analyse and create agreement about how we can solve other environmental
challenges. It is also important to include a consumer perspective in discussions around plant biotechnology.
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Thomas, you were Vice Chancellor of the Swedish
University for Agricultural Sciences. Do you think
that this university should play a more active role in
the debate in society about modern plant biotechnology?

Thomas:
– What is known in Sweden as the “third commission” of universities is important in this context
and universities should take the initiative to open
seminars, university studies for seniors, dialogue
projects, the presentation of science in the media,
etc. Institutes of higher education must have a clear
communications strategy that is not solely focused
on the scientific community. There is a great potential for improvement here.

“It is important to include a consumer
perspective in discussions around plant
biotechnology.”
– Christel Cederberg
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The Search for Knowledge Should
Always be Encouraged
Jenny Jewer t
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A discussion with Birgitta Carlander and Gunnar Rundgren

Has your opinion of plant biotechnology changed
during the Dialogue Project?

Birgitta:
– I have always been positive to plant biotechnology. I support research and development in general,
and I am becoming evermore convinced about how
important it is to support research and technology
in various ways. But then we must have regulations
about this. However, if we impede research and development, we impede the development of society.
Gunnar:
– My starting point was more negative. But as the
project progressed, I became aware that plant biotechnology is more multifaceted and uses more

mechanisms than I previously realised. I still belong
to the group of people who do not have unlimited
faith in the possibilities of plant biotechnology, but
this does not mean that I want to stop research. It’s
always worth encouraging mankind’s search for
knowledge. But it is also important to realise that
in reality, hidden forces control which knowledge
is converted into practical tools. Gene technology
has so far not lived up to its promise when it comes
to agriculture. I’m sure that many agree with me
about this.
The Dialogue Group has agreed – despite all of your
different starting points – that the government
should invest more money in plant breeding.
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Gunnar:
– Yes, but we agreed that the investment should be
into plant breeding – not specifically plant biotechnology. The agreement does not, however, exclude
plant biotechnology.
What should be the focus of Swedish plant breeding?

Gunnar:
– I think that the statement of ambition that we produced is important, because it puts the technology
into a context. Some research is, of course, basic
research that does not require a context. Scientists
simply want to understand how things work. But
applied research always has a goal. I think that the
discussions in the dialogue group showed that it is
the context around the technology that gives it a significance – and this is both positive and negative.
If the context is wrong, the process often goes the
wrong way.

“It is the context around the technology
that gives it a significance – and this is
both positive and negative.”

Birgitta:
– The new technology has made it possible for us
to map the complete genome of several crops. It is
possible to see large genetic differences between different varieties, with respect to, for example, betaglucans (substances that reduce the cholesterol level
in blood) in oats, and many other properties in several plants. We can use these differences to develop
products with different health or nutritional profiles.
How are we to develop these new varieties, with their
benefits for health or the environment?

Gunnar:
– Both margarine and the tin can were the result of
government-run competitions. Anyone who developed a product received a money prize and a medal.
The government doesn’t have to dictate everything,
but this type of competition can inspire people.

Which crops or properties are interesting for Swedish
plant breeding to work with?

Birgitta:
– I believe in diversity within research, and that the
government should take greater responsibility for
funding research and development. Maybe farmers
in the future will be able to place orders with seed
companies for products they want to cultivate, and
then companies and plant breeders will develop the
right seed. If development is really supported well, I
believe that this is possible. More entrepreneurship
in this area is necessary if we are to achieve an agricultural industry with the power needed to thrive.
– When the government decreased its investment in Swedish plant breeding, it was still an activity that required a great deal of resources, in terms
of both personnel and premises. Things are much
simpler now. The new technology doesn’t have to be
so expensive. And it may be the case in 30–40 years
that each farmer – or agricultural entrepreneur – develops varieties in his or her own little laboratory. I
know, I know – this is very speculative…

Gunnar:
– The development of different types of resistance,
for example in potatoes and rapeseed. Oilseed crops
are also interesting, since Sweden has a large net import of cooking oil. We are structurally dependent

Gunnar:
– It’s an attractive idea that people can develop new
fantastic plants at a local level, or as individual entrepreneurs, with the aid of gene technology. But it’s
not clear that this idea can be realised in practice.

– Gunnar Rundgren

The unanimous statement states that modern plant
breeding should be used to increase sustainability in
agriculture, doesn’t it?

Gunnar:
– Yes, but it is necessary that the responsibility is
taken collectively, in the form of governmental or
other public funding. It is difficult to interest private
plant breeding companies in products with common benefits, such as various ecosystem services.
Furthermore, Sweden is too small a market to justify
commercial plant breeding.
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on palm oil and soy oil in Sweden, and it would be
good if we could change this. And there is much
that can be done in the cultivation of vegetables.
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“I believe in diversity within research,
and that the government should take a
greater responsibility...”

– Birgitta Carlander

Many people say that the expensive procedure to
apply for a regulatory approval is what limits the
possibilities. “If only we could cut these costs, a new
age of flourishing plant breeding would arise”, but I
believe that this is wildly exaggerated.
But do you believe that a new procedure for regulatory approval will help more companies to emerge
than the few we have at the moment?

Gunnar:
– Well, I certainly hope so. But the higher the level of technology, the larger the companies involved
seem to be. The internet is a perfect example of
“winner takes all”: there is very little space available
for other actors than Google and Facebook. In the
end, it’s always the large companies that dominate.
Even so, new innovations come forward in the IT area.

Birgitta:
– Indeed, small innovative companies are always
popping up, with innovative thinking that has come
from research results. This guarantees that we will
see a diversity of companies that can develop and
manage our resources in a smart manner, while at
the same time making money. And Google and
Facebook are entering markets that they don’t actually know anything about. This is a worrying development.
Gunnar:
– Just so. It’s easy to imagine them getting into biotechnology. The step from autonomous vehicles to
certain applications in agriculture is not very large.

“The higher the level of technology, the
larger the companies involved seem to be.
The internet is a perfect example of ‘winner takes all’.”
– Gunnar Rundgren

Much of the development is currently being powered by private interests. The founder of Google,
for example, suggests that we could make synthetic
meat. He is defining the playing field by his private
preferences, but I think that it is more reasonable
that society’s money dictates the terms for development of new foods.
Can organic farming direct the development towards
environmentally friendly GMOs? Surely organic farmers are more dependent on resistant seeds, since they
do not use chemical pesticides.

Gunnar:
– You might think so. But at the same time there
is firm opposition against gene technology among
organic farmers. And even if the farmers are convinced, it’s not certain that they will be able to convince consumers that gene technology is to be used.
On the other hand, there are now many different
technologies available and I believe that the question will lose relevance, since we will not be able to
determine and track what has been developed using
modern biotechnology.

“Even if organic farmers are convinced,
it’s not certain that they will be able to
convince consumers that gene technology
is to be used.”

– Gunnar Rundgren

What do you think are the prospects of KRAV accepting modern plant biotechnology?

Gunnar:
– One point is that KRAV is subject to EU regulations. Another point is that KRAV cannot decide
to approve GMOs without convincing IFOAM –
Organics International also to approve it. As long as
IFOAM is opposed, it is a political impossibility for
KRAV to approve it. It’s possible that IFOAM can
carry out an internal intellectual debate, but it will
be difficult when it comes to changing regulations.
– This is because the advantages of the new technology must be extremely large before people are
willing to risk a commercial setback and a distressing internal conflict. The advantages are currently
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theoretical and not reality, so there is no driving
force to change the regulations.
How can questions of plant biotechnology and the
necessity of plant breeding be brought up in the general debate?

Gunnar:
– Just as you cannot separate gene technology from
plant breeding, you can’t separate plant breeding
from the general situation for agriculture in Sweden.
We might be able to develop all sorts of wonderful
varieties using plant breeding, but if it’s not profitable to cultivate the crops, nothing will come of it.
We must have a vision for Swedish agriculture and
Swedish food. It must be possible also with GM
crops for the farmer to manage sensible crop rotations, but this is not the case if only one crop of four
is profitable. There are so many factors that depend
on each other. If I were the government, I would
invest more money in plant breeding only if I had
a clear vision of the type of agriculture Sweden is
to have. A direction for the development must be
defined, without the government controlling everything in detail.

“It’s a case of developing high-value foods,
and to do this we will have to go into the
genome and use modern breeding techniques.”
– Birgitta Carlander

Can new varieties increase the profitability of Swedish
agriculture?

Birgitta:
– I believe so. Perennial crops that reduce the requirement for ploughing. We can also return to some
old varieties that previously have not been profitable
to cultivate. I’m sure that there is an enormous potential. We have previously exported approximately
one million tonnes of grain, largely as feed. We
could cultivate crops for human consumption instead. But it’s a case of developing high-value foods,
and to do this we will have to go into the genome
and use modern breeding techniques.
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“We need plant breeding because we need
healthier food and sustainable cultivation
systems. Profitability must be achieved in
other ways.”
– Gunnar Rundgren

Will consumers accept this type of crops?

Birgitta:
– Yes, I believe that crops that can be used in probiotic products will be accepted. Instead of taking
drugs, you will be able to eat certain foods to improve
health. By eating healthier food we can not only improve our health, but also remain active longer.
Gunnar:
– This is what I also believe: the possibilities are
greater here. I think that saying that we require
plant breeding to improve profitability is the wrong
approach. We need plant breeding because we need
healthier food and sustainable cultivation systems.
Profitability must be achieved in other ways. It’s
possible that a breakthrough in plant breeding can
play a major role for the profitability of a particular
crop. But discussing plant breeding in general from a
profitability perspective will take us along the wrong
route: we increase yields, we produce more cheaply,
everyone does the same thing, and prices fall.
Birgitta:
– The basis for increased government financing of
plant breeding is better now than it has been, since
everyone realises that we are facing huge climate and
environmental challenges. I’m sure that the time is
ripe to raise the question. Sweden should be able
to export a great deal more. We are experts in following regulations and cultivating in an environmentally friendly manner. The Swedish agriculture
industry has enormous opportunities and possesses
the resources required to develop specialised crops.
Gunnar:
– Well, in theory that’s true, but in practice it’s more
difficult. The large-volume products from Swedish
agriculture are low-price products: powdered milk
and grain that is unsuitable for milling. We export
by-products from the production of bioethanol
as feed. But there are exceptions, such as Absolut
Vodka.
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Birgitta:
– The ethanol-production facility run by Lantmännen
in Norrköping actually exports high-quality ethanol
to Germany, and this ethanol has a better climate
profile than much of the ethanol that Sweden imports. Developments based on the by-products are
also gradually coming through. Bioplastics can be
manufactured from grain husks. I am sure that this
facility – and others – will in the future produce new
exciting products with the aid of modern plant biotechnology. When consumers realise how important
it is to use alternatives to fossil fuels, the demand
for materials produced in a renewable manner will
increase. But it is of course true, Gunnar, export of
feed will increase as we reduce animal husbandry in
Sweden. Agriculture is a huge resource for Sweden,
and one that I consider to have been wasted by politicians.
As always, discussions about agriculture have a tendency to spread out in all directions…

Gunnar:
– I think it’s important that the discussions are allowed to spread out. The question of whether biotechnology can be allowed or not is not interesting
unless it is seen in a wider context.
Birgitta:
– Yes, we must broaden our perspectives. It’s not just
a matter of technology.
Gunnar:
– The economical conditions in which agriculture
operates are extremely important, no matter what
type of production system is used. The agriculture
industry is shaped by commercial competition and
global flows. We cannot separate the technology
from other factors.

“The agriculture industry is shaped by
commercial competition and global flows.
We cannot separate the technology from
other factors.”
– Gunnar Rundgren

What is required before politicians take seriously the
question of increased investment in plant breeding
and changes to GM legislation in the EU?

Birgitta:
– Agriculture is one of the most important areas
of EU policy, and the union spends a great deal of
money on agriculture. The question is crucial for the
climate, the environment, and the prospect of creating a good future. Joint plant breeding projects can
increase collaboration between member states and
create growth. There are many obvious reasons for
doing so.
Gunnar:
– Changes in GM regulation within the EU are not
my primary wish. And I don’t think that it’s very
interesting how the gene technology legislation or
plant breeding legislation is formulated. These are
just pieces of the puzzle.
So do you think that the agriculture industry obtains
the varieties it needs?

Gunnar:
– No, I don’t think it does. But it’s not commercially viable to conduct the agriculture we would
have to have, no matter what varieties are available.
And this is a significantly larger problem. Sensible
changes to GM legislation can take place only if they
are carried out within the framework of a change
in our vision for agriculture. Farmers are currently
expected to compete on the global market by cutting costs by a krona here, a krona there. But this is
not working so well. It’s the biggest question facing
Swedish agriculture and its solution will have fateful
consequences. And we can’t solve it by changing the
legislation relating to gene technology.
But does anyone really believe that new legislation is
the answer to everything?

Gunnar:
– No, but it’s not particularly likely that a politician
will take this question and make it a burning issue, when there are many other questions related to
agriculture and food. It’s not going to happen that
a politician will push forward with a demand for
SEK 100 million to plant breeding. But it may be
possible to package it as part of a strategy, and say:
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“Agriculture is facing enormous challenges, and offers enormous possibilities. We have a list of actions
we are going to take. One of these is to improve
plant breeding, and biotechnology is a part of plant
breeding.” In this case, it will achieve some sort of
significance, and the allocation of more funds can
be justified.
You have held a meeting with two members of the
Committee on Environment and Agriculture in the
Swedish parliament. Were the politicians able to
incorporate biotechnology into the context that
Gunnar is describing?

Birgitta:
– I think they demonstrated how little they know.
Some of the scientists in the Dialogue Project were
rather surprised at how firm Annika Åhnberg and
I were when posing questions and putting forward
our point of view. Most scientists are far too soft
with politicians. You have to speak clearly and dare
to make demands, instead of wrapping everything
up. I was, however, upset that their level of expertise
was so low.
But these are complicated issues?

Birgitta:
– Of course, but the members of the committee dealing with them must make sure that they possess the
necessary insight. They should be in the vanguard.
Instead, they seem to be unaware of developments in
technology that have taken place and the discussion
about what it is that constitutes a GMO. Nor were
they sufficiently informed about the positions different countries in the EU have taken in the various
questions concerning GMOs.
Is there anything else you want to add?

Gunnar:
– Monsanto has invested a billion dollars in research
to develop more drought-tolerant corn. This gives
some idea of the scale of the costs involved and the
challenges faced. Certain properties may be easy
to breed for, while others are difficult. It may be
an equally good idea to cultivate millet instead of
drought-tolerant corn. The millet is available, and it
is already more drought-tolerant.
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Maybe we’re just making things more difficult than
they need be?

Gunnar:
– Yes, maybe we do, sometimes. If your target is a
production on 10 tonnes of corn per hectare, and you
try to transfer this target to other climate conditions
and less fertile soil... It’s usually not going to work.
In a historical context, however, plant breeding has
been significant in increasing the security of the food
supply.

Gunnar:
– Indeed, but very seldom has plant breeding alone
– everything else being equal – given any enormous
increase in yield. The green revolution is a clear
example of this. In this case, the improved crops
worked well with irrigation, commercial fertiliser
and chemical pest control.
Birgitta:
And knowledge!
Gunnar:
– Oh yes, you must include increased knowledge.
This can be at least as important as anything else.
Birgitta:
– I have watched the technology develop as I played
various roles in research foundations. I hope that we
will be able to tailor plants and medicines, and we
are on the threshold of this right now. I also believe
that it will be possible to use the new knowledge in
a positive manner. But then politicians and others
have not kept up with developments. It is important
that we have a political and general debate, and even
more important that we achieve consensus about
how we will use the technology.

“It is important that we have a political
and general debate, and even more important that we achieve consensus about
how we will use the technology.”
– Birgitta Carlander
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The Government Must Take Responsibility for Sustainable Plant Breeding
Jenny Jewer t
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A discussion with Inger Andersson and Svante Axelsson

What’s your opinion of plant biotechnology, Inger?

Inger:
– I’ve changed from being rather suspicious, when
the GM soybeans and the RoundUp-resistant crops
were introduced, to seeing – in my role as chair of
Mistra Biotech – its advantages and possibilities.
We should use the technology when it enables us to
progress rapidly to a final product and when it gives
greater precision in plant breeding. In other cases,
we must combine traditional and new biotechnological methods. What is interesting to assess are the
risks and benefits that the final product has.
What do you think we should use modern plant
breeding for?

Inger:
– To create sustainable products, develop healthier
foods and to achieve results in plant breeding more
rapidly.
How has your opinion changed, Svante?

Svante:
– I think the general opinion in the group has
changed pretty much together, and I’m surprised at
the degree of agreement we reached. I had no idea
that we would be able to approach each other in this
way. The issue of GMOs in isolation is losing its
relevance both when discussing the risks and the
benefits. On the other hand, plant breeding as a
concept has been reborn, and the discussion has become more interesting than a simple “Are you for or
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against GMOs?” Now the discussion is about how
plant breeding is to be developed. The group raised
common criticism against the applications. We want
more publicly financed research to solve global problems, and not the problems for which Monsanto sees
a market. And here I think that the group is pretty
much unified. We want plant breeding to be used for
altruistic purposes.
How can modern plant biotechnology develop organic farming? What do organic farmers want?

Svante:
– I believe that all of them want more perennial
crops, from a climate perspective. Less ploughing
will give lower emissions from tractors and less
leaching of nutrients from the soil. The ability to
withstand water stress is another property that is
interesting in a global perspective. It’s easy to conceive that an agroecological agricultural industry
will apply this technology in the future. But there is
another side to the development: The healthier the
property that the plant is given, the more dangerous
it is if we lose control of it.
You mean if it has competitive advantages in the
wild?

Svante:
– Exactly. If the plant has the ability to fix nitrogen, for example, among its wild-type relatives that
do not have the same ability. The ability to tolerate
pesticides, in contrast, does not give a competitive
advantage in the wild.
Inger:
– Let me add something here. Just as for new drugs,
it’s necessary to carefully weigh the risks of new
products against their benefits. You have to consider
both the risks and the opportunities that the technology brings.
The Dialogue Group suggests that legislation should
not depend on the technology used, but rather regulate the properties conferred.

Svante:
– CRISPR/Cas9 and other techniques are currently
in unregulated terrain. People are fighting about
old methods that scientists are not going to use. It’s
like a tactic used in warfare – rustle the bushes to
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make people run and attack them, while the complete army passes elsewhere. That’s why the legislation must be independent of the technology used,
and this is what the Swedish Society for Nature
Conservation (SSNC) has had as its policy for many
years. We need to get to grips with the “Wild West”
that falls outside the definition of GMOs.
Are you prepared to work to gain support for environmentally friendly GM varieties, such as the late blight
resistant potato? Will your members go along with
this?

Svante:
– I think we are already in this position. Often I hear
people say in debates: “You are against anything that
can be described as modern plant breeding.” But
these people should read what we gave in response
to the Request for Comment! We support the use of
late blight resistant GM potatoes. People just don’t
listen when we say this.
But there is a difference between replying to a Request for Comment and shaping people’s opinions
in public debate.

Svante:
– It’s not a problem for me to help shape opinions.
If we support a position, we must support it everywhere. But I think that those who support the use
of GMOs have used the green movement in a conservative manner. They continue to ascribe to us
opinions that we held 10–15 years ago, and they
found that piece of theatre fun. But we are much
more pragmatic. The SSNC, for example, wants
new crops to be classified based on the level of risk,
so that we don’t use the same enormous system of
control for basic techniques in plant breeding. All
GMOs currently go through the same evaluation,
and the SSNC is against this.
But the legislation is not independent of the technology used. Is the Swedish Society for Nature Conservation going to work on this matter in earnest?

Svante:
– No, I don’t think that the SSNC will work towards
changing the legislation. It’s a matter of setting priorities on how we use our resources. The question
about new regulation for GMOs is not close to the
top of our lobbying priorities, since we don’t really
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think that it is so important. We don’t disagree with
the idea of revised regulation, but we won’t be campaigning for it.
What have been the consequences of the current legislation?

Inger:
– It means that research that could generate health
benefits for both ourselves and the planet is not
being carried out to the same extent. Much of the
research has moved to the US. We have missed the
opportunities that the technology provides to develop new products that can really help. Legislation
that allows each nation to make its own decisions
about which GMOs are approved is ineffective,
while CRISPR/Cas9 and other techniques have
ended up in unregulated terrain.
Probably the only force that can alter the general
opinion about modern plant biotechnology is the
green movement. Do you agree?

Svante:
– Both yes and no. Research has shown that plant
biotechnology will not play such a crucial role in
developing sustainable agriculture throughout the
world as the people working with it believe. Other
measures are more cost-effective and are being given
higher priority. Plant breeding will, however, be one
component that makes organic farming even more
sustainable. If varieties are developed that contribute to reducing the use of fuel and reducing the losses of nutrients, this is, of course, positive.
Mistra Biotech has been funded for a further four
years. What are your hopes for the results from the
programme, Inger?

Inger:
– One task is to continue in various contexts the discussion that we have held in, among other forums,
the Dialogue Project. We bring together philosophical and scientific questions related to the technology.
Plant breeding to domesticate the wild oilseed plant
Field pepperweed is being carried out in one of the
projects with both traditional and gene technology
methods. The idea is that Field pepperweed should
become a new biennial oilseed crop and a catch crop.

Svante:
– But the question is “Which problems should we
solve?” There are many other fields of research than
simply those based on technology. It would be interesting to see how research should be organised in
order to solve the Agenda 2030 issues (the 17 sustainable development goals of the UN). And then
plant biotechnology may not receive as much money.
But do you suggest that the government should invest more resources in plant breeding?

Svante:
– Yes, but we also need increased biological diversity. The diversity of crops has decreased. Maybe
we should reintroduce the Dalsland potato and the
Öland bean? It’s often said that we need new legislation, and that plant breeding must take a new
direction. But it would require enormous amounts of
money to change direction. If we allow the technology free rein with Monsanto driving, all we will get
is “more of the same”. The most important question
for me is who is providing the money. If the research
sponsor does not have an accurate image of the problems that are to be solved, the technology used is not
interesting. In this case, you work to solve the wrong
problems. Unless sufficient money is made available,
I don’t think it’s a good idea to give the technology
free rein. This is not a playground. It’s not for the
scientists’ sake that we would allow the technology
free rein. It’s for society’s sake. Maybe for this reason
we should work more with joint ventures (collaboration between companies to carry out major projects),
or green bonds (bonds where the capital is dedicated
to environmental projects).
Inger:
– I’m also a pessimist, because such enormous
amounts are needed before a commercial product
can be released. Even if we consider a national plant
breeding institute with a commercial commission,
the funding would not be sufficient to obtain the
products we want.

“It’s not for the scientists’ sake that we
would allow the technology free rein. It’s
for society’s sake.”
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So are you saying that it’s not possible to finance
properties that are interesting from society’s point
of view?

Inger:
– I’m afraid that the financing is not sufficient to
bring a product to the market. If this is the case,
research and agriculture may end up in the hands
of undesirable commercial interests. On the other
hand, however, consumer power is real. If various
interests create consumer demand, it’s possible that
we can get companies to invest in them. It’s a case of
ensuring that sufficient money is available to bring
the project to a successful product, such that the
benefits are truly achieved.
Svante:
– I don’t think it’s possible to pay your way through
this. The market must be created by political action.
If a stricter climate policy is introduced, perennial
crops increase in value, since they require less tractor
use and lower costs for emissions. Environmental policy will be able to create a market also for Monsanto.
A stricter environmental policy may make it possible
for companies to make a profit from new products.
But this requires environmental policy to be made
truly more strict and unambiguous.
Inger:
– But now we’re discussing questions that are much
larger than simply technology and legislation. How
are we going to be able to create the relevant consumer demand that can contribute to being able to
commercialise research results?
How are politicians and others influential in forming
opinion to present arguments to convince the general public?

Inger:
– That’s not an easy question to answer. We have to
create consensus, and work on the question at the
EU level.
Svante:
– From a purely political point of view, it’s difficult
for me to say that I will get involved and act in this
matter when I feel that this part of the puzzle is of
limited importance. There are many other simpler
methods that can be spread around the world.
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What are the important parts of the puzzle?

Svante:
– In Africa, it may be the right of ownership to
the land. Education for farmers. Increased humus
content. How to increase the spread of risk within
agriculture. Similar to the process that Sweden went
through 100 years ago, with the agricultural advisory services and Hushållningssällskap (“Rural
Economy and Agricultural Societies”).
Should we reject a technology because it cannot
solve all problems?

Svante:
– The law of diminishing returns may apply for research funds. There may be other fields of research
in which the money gives greater benefit. It’s not
possible to play around with small change in this
field. If we try, we will find that we have raised a
cuckoo in the government bill relating to research.
But surely changing legislation doesn’t cost anything?

Svante:
– Why should we change the legislation if the wrong
research is the result? In that case we won’t have the
money available for useful applications.
Inger:
– I don’t think that changing legislation will lead to
the wrong research being done. Technology brings
possibilities, no matter whether we achieve everything we want to achieve. Biotechnology speeds up
plant breeding – and the increase in itself increases
our chances of increasing the security of the food
supply.
Svante:
– I’m not convinced about this. If we are lucky, an
application may come about through Monsanto’s
market analysis. What I fear is that we fix the problems with legislation, but the fundamental problem
is that we are seeking the wrong products.
But the legislation will lead us to not releasing products that involve risk. A risk/benefit assessment will
have to be carried out.
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Svante:
– But a product that receives a green light will not
solve the altruistic problems, because there is no
market for them.

would gain by opening for GMOs. If this happens,
on what grounds can Swedish agriculture compete?

Inger:
– That’s true.

Svante:
– Of course. But research resources are scarce.
Research in the field of agriculture has shown that
plant breeding is not very significant for coping with
the challenges we face.

But why is political action necessary to create a market for new environmentally friendly GM varieties?
Surely farmers will demand crops that reduce the
need for pesticides and commercial fertiliser since
they reduce their costs?

Svante:
– Well, that’s true, but the results from using Bt resistance have been ambiguous. The resistance does
not last very long. The problem for GMOs is that
the applications have given the whole concept a bad
name. Now we have to develop innovations that are
really popular – but highly popular innovations need
a lot of government money.
Wheat without gluten – isn’t there a demand for this
from people with gluten intolerance?

Inger:
– Oh yes. This is what I have said all along – we
must consider the benefit to consumers. Various specialist crops become interesting from this perspective. And even if we cannot solve all problems using
modern plant biotechnology, we can at least develop
the technology. Because this is a technology with
potential.
Monsanto has put billions into more drought-tolerant
crops.

Svante:
– This may be exciting. If you compare the debate
20 years ago with that today, the images of GMOs
as saviour and devil from supporters and critics have
been toned down. The question has rather lost its
relevance. Other areas that are not so high-tech have
come into focus as solutions of world problems.
– There are so many ways to approach the question of GMOs. The academic and technical questions deal with risks and effects on ecosystems.
But there are also aspects of competitiveness. I’m
not sure whether the Swedish agricultural industry

But agriculture requires high-quality seed?

Do you agree, Inger?

Inger:
– Oh yes, better roads and access to fertilisers can
give a higher return in African agriculture, in the
short-term. But against the background of climate
change and a growing world population, there is a
value in using modern plant biotechnology, since it
is more rapid and more accurate. And this makes
it cheaper. I am more positive to giving scientists
the conditions required for them to continue to carry
out research, and allowing the field to develop. The
driving forces must be allowed to be slightly different. Something will eventually be developed that
will be of great value for humankind. It’s a case of
using the best available technology (BAT). And it’s
not possible to predict all future applications of a
technology.
Inger, you are chair of Mistra Biotech. What do you
say to all the frustrated scientists who believe that
they have access to an effective technology, one that
they want to use to invent clever gadgets and save
the world? Why should they carry on?

Inger:
– Well, of course they’re frustrated. But I’m sure that
the negative opinions of consumers can be overcome
in the long term, and that the regulations will be
adapted.

“Against the background of climate change
and a growing world population, there is
a value in using modern plant biotechnology, since it is more rapid and more
accurate.”
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Plant Breeding is Important
for Sweden and the World
Jenny Jewer t

Torleif Ingelög.

Annika Åhnberg.
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A discussion with Annika Åhnberg and Torleif Ingelög
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Why are the questions of plant breeding and biotechnology so important?

not. Why? This is a fascinating question. Why have
we become obsessed with this question?

Annika:
– Well, they are important for the whole world! Even
though I think that the criticism against agriculture
is exaggerated – sometimes it appears that all of the
world’s environmental challenges arise from agriculture – it’s clear that we must try to make changes.
We must consider which new tools we can obtain
from research. Climate change is happening rapidly,
and we have to adapt our crops to the change. The
methods we have used until now are not enough: we
have to think innovatively. I get frustrated when it
seems that tools we could use are available, and that
we should be able to agree on using them. But we’re

Yes, why have we become obsessed?

Annika:
– The answer is that modern plant biotechnology
has a coupling to environmental issues and the green
movement. The measures taken in the medical field
do not awaken the same resistance. It’s when the
question touches the environmental field that it becomes so controversial.
Torleif:
– Yes, most of the people who view plant breeding
with molecular biological methods with suspicion
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have no reservations about using the same methods
to discover hereditary diseases in people, or carry out
gene therapy and delete genes to prevent children
suffering from hereditary diseases. But what’s the
difference? I can’t see that there is any difference. If
anything – it’s more remarkable that products from
these methods are used on people.
Annika, you’ve changed your opinion from extremely
critical to more positive to plant biotechnology. How
did this happen?

Annika:
– I’m not sure. I can’t remember any particular event
that influenced me. I think that this was a period
when I reconsidered many things in my life, including political views. Some things that had been a very
solid foundation of my ideology and opinions collapsed. In my middle years I became a person much
more prepared to question things. I realised that you
can’t just carry on thinking loads of things: you must
consider what they are based on and the knowledge
on which they are built.
The question of GMOs has already been thrashed out
in many different contexts. How did you manage to
create commitment for a new dialogue project?

Annika:
– It has become a frozen question in the public debate, as if someone had sprinkled magic dust over
it and everyone has stood motionless in his or her
position since the start of the 1980s. But I’m sure
that more and more people are realising that it’s not
realistic to simply stand on two sides of the divide
and shout at each other. KSLA has attempted a
dialogue project before, however in that case again
everything simply became frozen. This time we collected an extremely good group of people. We have
listened to each other and we were included in the
group due to the expertise we possessed, rather than
because we represented a particular organisation or
special interest.

“More and more people are realising that
it’s not realistic to simply stand on two
sides of the divide and shout at each other.”
– Annika Åhnberg

Torleif, why did you decide to take part?

Torleif:
– I was sceptical at first, since I thought that I didn’t
have sufficient background knowledge. I have not
been a particularly acute critic, but I have recommended a carefully restrictive approach. And this is
how it is in reality; you can’t have an opinion about
everything. It was actually a question that I didn’t
have a strong opinion about. I have played a listening
role, and I have learnt a great deal.
What will you take with you from the Dialogue Project?

Torleif:
– The most important for me is that I have been able
to participate in a process in which I have been able
to make an overall assessment, and weigh different
things against each other. I have also been made
aware of how deep the crisis is for plant breeding –
and for plant production.
How has your opinion of plant biotechnology
changed?

Torleif:
– I used to fear that the technology could lead to the
spread of undesirable genes in the wild. I am now
much less worried. The research results available
suggest that the risk is very small, nearly negligible
when compared with other risks, such as, for example, invasive species. There is free movement of
plants and soil within the EU, and many land-based
and water-based foreign species enter Sweden. There
is a major threat here, but it is not at all the same
with plant biotechnology.
– My view of plant biotechnology has become
significantly more radical. We must get sustainable
development under way, with increased food production and a high quality for our food. A depressing
development in now happening in the world. Four
times the area of arable land in Sweden disappears
every year. This is frightening. The soil in many places is unsuitable for cultivation, since it contains too
much cadmium. And climate change adds further
problems. Traditional plant breeding doesn’t have a
chance to keep up with the changes that are taking
place with the climate and within the agricultural
industry. There are examples in which people have
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tried to develop new varieties in 30–40 years, but we
don’t have this long.
So is it true to say that the time factor has been an
important part in your assessment of plant biotechnology?

Torleif:
– It has. But I have also become irritated with the
fact that it is the large multinational companies that
carry out plant breeding. We have to accept the varieties and crops that a few companies consider to
be profitable. No-one takes responsibility for developing varieties that are suitable for cultivation in
large parts of Sweden. This is a frightening development. One of the largest mistakes that we made in
Sweden was to dismantle the government-financed
plant breeding programmes. We have to reconsider
this decision. We won’t be able to manage without
modern plant breeding. But by saying this I’m not
saying that you don’t have to look at the risks and
take these into consideration. This is, of course, absolutely necessary.

“One of the largest mistakes that we
made in Sweden was to dismantle the
government-financed plant breeding programmes.”
– Torleif Ingelög

Does it matter how genetic variation is introduced
into cultivated varieties from the diversity available
in the wild?

Torleif:
– This raises several mainly ethical questions. Should
we transfer human genes and insert them into plants
and animals? Should we move genes from fish to the
aspen tree in order to achieve increased tolerance to
frost? We can play God. There is nothing that we
can’t do. So the question is whether we should have
regulations that govern this or not.
Annika:
– Of course we must have regulations, and we must
make ethical assessments. The scientists who transferred genes between fish and the aspen couldn’t understand why people became so angry. This reflects
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how scientists, who feel at home in their world, do
not think that it is anything special. While the general public finds it terribly disconcerting.
Torleif:
– I like the Swedish word “yrkesdeformerad”. It describes a state in which you are formed by the work
you do. And this is exactly what many scientists are.
– And then it is the case that we who have worked
with biological diversity for decades have always said
that one of the reasons to preserve the wild flora
and fauna is exactly because we need access to these
genes. And we do not know in advance which genes
we can benefit from in the future. This is why we
have to ensure that all species are preserved in the
wild at sufficiently high population levels that they
do not suffer genetic erosion. But many scientists
working in forestry and agriculture have found this
to be a poor argument when trying to convince landowners to preserve biological diversity. However, I
experience that this is starting to be understood in
a new way.
Annika:
– Do you think that plant biotechnology has been a
factor here, and increased this understanding?
Torleif:
– Oh, yes, indeed. Now it’s not just the gene bank on
Svalbard that can be used, but you can select genes
from any species. There are some amazing adaptations in wild species that we could benefit greatly
from.
How is the potential of modern plant breeding to be
brought to reality?

Torleif:
– The first we must do is to get our own EU politicians to be active in the question.
Annika:
– If someone dares to take the first step, others will
follow. And the first step must be taken in the political sphere. Politicians must take an unequivocal
stand! And so must the green movement.
– When I was Minister of Agriculture, irradiation of food was a burning issue. Consumer organisations and the green movement were fiercely opposed to it. But then we took the decision to allow
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the irradiation of spices, since the facts made it clear
that the chemical methods available to kill bacteria
and other contaminants were worse. As soon as we
had taken this decision, the discussion simply disappeared. I believe that a similar process is possible for
plant biotechnology. If the political sphere dares to
take the step, no-one would be particularly bothered,
since the resistance is not based on genuine consumer anxiety.
The group has formulated a unanimous statement
describing how plant biotechnology should be regulated and the role that the technology can play in
developing sustainable agriculture.

Torleif:
– Indeed – it was surprisingly easy to reach agreement.
Annika:
– Well, that’s how it appears now in hindsight. But
at the time you could feel how the atmosphere was
changing as the process continued. The first meeting
was rather formal and antagonistic.
What made the level of agreement possible?

Annika:
– We reached a common insight that modern biotechnology is not a separate science, separated from
other research into plant breeding, and that plant
breeding in Sweden is seriously behind that in other
countries. In this way, biotechnology was not the
main point, just one part of a larger picture. We
stopped thinking about biotechnology as the one
saving faith. We started to ask the questions: What
is sustainable agriculture and how do we believe that
plant biotechnology can contribute to it? Rather than
simply discussing existing applications, we started to
talk about technology as one tool among others, and
how these tools could be used to create sustainable
agriculture.

“We reached a common insight that modern biotechnology is not a separate science,
separated from other research into plant
breeding.”
– Annika Åhnberg

Do you think that there is a GM crop so beneficial from
a sustainability point of view that it could change
public opinion?

Torleif:
– I can’t think of an example. But if the politicians
could reach a decision about new legislation within
biosecurity, well – that would be a dream come true
for me. The EU regulations are seriously out-ofdate. As it is at the moment, all countries have to
participate and agree about each variety that is to be
approved, and this is completely ridiculous. It means
that no new varieties will be developed.
Annika:
– I don’t think that any individual crop can change
public opinion. I don’t believe that it’s a good idea
to trumpet any one crop so loudly. It’s rather a case
of many different types of improvement to many
different crops. It may be, for example, healthier
varieties of oats that reduce the cholesterol level in
blood, or crops that resist attack from fungi. But
it remains necessary to find politicians and others
who have the courage to stand up for modern plant
breeding. People who can say: “This is actually not
such a big deal. We have to invest in plant breeding
and that may include modern plant biotechnology.”
Some things, of course, must be regulated, but that’s
true not only for plant biotechnology but also for
traditional breeding methods, what is allowed to be
imported from other countries and planted here, etc.

“The EU regulations are seriously out-ofdate. As it is at the moment, all countries
have to participate and agree about each
variety that is to be approved, and this is
completely ridiculous.”
– Torleif Ingelög

Is there any particular insight you want to emphasise
that you reached during the Dialogue Project?

Annika:
– I realised that false “facts” live a life of their own
on social media, examples of which are inferior research reports about rats and monarch butterflies.
These have been refuted by hard evidence, but it
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doesn’t help. False information circulates in cyberspace and ends up being read by people who believe
it. It is a huge problem that we can’t base the general
discussion on the facts that are available.
– A related point is the investigations into consumer attitudes that Mistra Biotech presented. The
questions tend to be posed in a way that is extremely
worrying and negative for consumers when dealing
with plant biotechnology. And thus you tend to get
negative answers.
Torleif:
– Indeed, many people don’t have the knowledge required to reach an opinion in these matters, but this
is not something to rail about, as some debaters have
done. To go out and claim that the general public
doesn’t understand science simply because it believes
these matters to be dangerous – well, that’s an arrogant attitude. Who can require that the general
public is to be scientific? Most people don’t have any
scientific education in the topic.
Annika:
– After the project I can appreciate better how those
whose opinions differ from mine think: they see the
complete picture, and they consider the large companies and patenting rights to be components that are
just as important as the technology itself. Previously,
I wanted to get away from such matters, and say that
any structural faults in the system do not apply solely
to biotechnology! But if I’m prepared to let this idea
go, I can now say: It’s true – biotechnology today is
part of a food-supply system that is not sustainable.
At the same time, some of the more vocal critics
have found out about new methods, and we cannot
be sure whether these have been used to develop a
crop. All of us have realised that change is necessary. The technology creates products that cannot be
traced and in this case the regulations cannot apply.
How do politicians react when you bring up the need
to make investments in plant breeding?

Annika:
– The question hardly gets mentioned. The political
world has very little knowledge about the significance of plant breeding.
Is it also true that they don’t know that politicians
have wound down plant breeding?
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Annika:
– I must take some of the blame here. We who were
involved in winding down plant breeding didn’t realise that this is what we were doing. I was a member
of parliament when the decision to change the agricultural policies was taken at the end of the 1980s
– this became then the basis for the winding down.
The decision involved realignment from an industry
under governmental regulation to one that was independent. We thought that a larger fraction of the financing for plant breeding should be provided by the
industry itself. What we didn’t realise is that Sweden
is a small country in an unusual climate zone, and
that the industry would lack sufficient force. We
didn’t realise that these facts meant that a large element of public funding would always be necessary.
You now suggest that public investment into plant
breeding is to be increased. But who is to take any
new innovations to the market? Companies have
moved or been wound down. Does Sweden need a
new plant breeding institute with a commercial commission?

Annika:
– We haven’t come so far in our discussions, but
they must continue, and will cover questions such
as this. Even though the past few decades have seen
many companies and research centres closed, this
development can be reversed. An offer must be made
available from the public sector that someone can
take up. And it doesn’t have to be a company whose
head office is in Sweden.
So how will KSLA continue to work with this question?

Annika:
– KSLA so far has worked rather sporadically with
plant biotechnology, arranged a few seminars and
produced reports, but now we must work with this
topic in a more continuous and strategic manner.
And KSLA must work with plant breeding more
generally, and biotechnology as a part of this.

“We who were involved in winding down
plant breeding didn’t realise that this is
what we were doing.”
– Annika Åhnberg
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Summaries of Meetings held within
the Dialogue Project
Anders Nilsson

The KSLA Dialogue Project concerning biotechnology in plant production has
been conducted in the form of a series of seven seminars with invited speakers.
Spirited discussions have been held after these introductions given by the invited
speakers. These summaries attempt to give the main points made at the seminars.
The 1st meeting was held in March 2014, the 7th and final meeting in January 2016.

Seminar 1 – Current Swedish Research in
Plant Biotechnology
31 March 2014 at KSLA. Arranged by: Anders Nilsson

One of the plants that Mistra Biotech is working on is Field pepperweed, Lepidium campestre, developing a perennial oilseed crop.
Foto: Meneerke Bloem*.

Sven Ove Hansson, Professor of Philosophy at the
Royal Institute of Technology and Programme
Director for Mistra Biotech, presented the Mistra
Biotech project, which is one of few Mistra programmes that has been initiated in recent years related to the green industries.
Mistra Biotech attempts to combine societal and
scientific perspectives of plant biotechnology. The
scientific part of the research includes work with the
domestication of the oilseed plant Field pepperweed
to become a new perennial crop, research into late
blight resistance in potatoes, research for more efficient use of nitrogen in potatoes and barley, and
research to develop methods for genomic selection
based on knowledge from animal breeding.
The parts of the programme that focus of societal aspects include research into the ethical aspects
of plant breeding using biotechnology, examination
of consumer attitudes to products from GM plants,
and analysis of how the competitiveness of Swedish
agriculture is influenced by developments in plant
biotechnology, their use, and the regulations that
govern them. One aspect that is studied is the nature
of the socioeconomic consequences of the development, and how these may change in the future.
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Carl-Johan Lagerkvist, Professor of Economics
at SLU and involved in Mistra Biotech, described
a study into consumer attitudes to GM food. The
study is a meta-analysis of nearly 1,700 questions
from 214 published studies, and it was presented
at an international conference for the Agricultural
& Applied Economics Association’s Joint Annual
Meeting in August 2103.
The study showed not only that the questions
that were posed to consumers during investigations within the EU dealt to a larger degree with
risk and ethical uncertainties than was the case in
corresponding investigations in other countries,
but also that the way in which the questions were
phrased had a noticeable effect on the answers. It
was interesting to note that properties of GM plants
that give increased food production, lower prices and
longer shelf life reduced the evaluation that consumers made of the benefits of GM plants. It is clear
that such “benefits” are not an argument that strikes
a positive chord when it comes to gene technology.
Jens Sundström, Associate Professor and Senior
Lecturer in Plant Breeding at SLU, informed the
seminar about Plant Biotechnology for a Bio-Based
Economy – a proposed Vinnova-financed strategic
research agenda that has been put forward by a
number of scientists working in this area at several
departments of SLU.
Research into plant biotechnology in Sweden is
of high international quality, but it is difficult to take
it further and apply in practice the discoveries that
are made. It is, quite simply, difficult to get companies involved in this under the current regulations,
and this is the reason that continued commitment
from society is also required, such that research results lead to commercially viable products. The agenda is targeted towards research and the breeding of
agricultural plants and trees, in particular for the
establishment of new technical fields of use for raw
materials derived from plants and trees.
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In the discussion that followed, several participants emphasised that our view of GM plants is
much more involved with values than facts. The need
for dialogue was underlined. The metastudy of consumer attitudes carried out within Mistra Biotech
also came in for comment, and it was pointed out
that its results are partially incompatible with the
belief that it is the possible benefits that will determine whether plant biotechnology has a future.
The meeting discussed also which other questions that participants desired to take up at coming
meetings within the project:
– biotechnology in a social, political and economic
context
– structural consequences of new technology and
its applications
– the regulations have led to only a small number
of companies being able to bring GM plants to
the market
– the unwillingness of companies to demonstrate
restraint in order to avoid resistance or tolerance
– the dominance of a few large companies, and the
need at the same time for a driving force to get
smaller companies involved
– the roles of patent legislation and the legal affairs
for development in this field
– the roles of plant biotechnology and plant breeding in adaptation to climate change
– more information about how technology is developing in the field.
The discussion showed also that participants
had come to the first project meeting with different preconditions and expectations about how the
project would continue. It was clear also that there
was agreement about the need to discuss both the
societal aspects of plant biotechnology and its more
direct applications.

Kungl. Skogs- och Lantbruksakademiens TIDSKRIFT nr 4 2016

Seminar 2 – The Development of Plant Biotechnology
29 September 2014 at the Royal Swedish Academy of Agriculture and Forestry. Arranged by: Anders Nilsson
Stefan Jansson, Professor in the Cell and Molecular
Biology of Plants at Umeå University, introduced
the topic with a talk entitled “How do Advances
in Research Challenge the Legitimacy of GMO
Legislation?”
He used examples from his own research on the
aspen tree to describe how different techniques are
used to create mutants of the original tree and to discuss whether these are subject to GMO legislation
or not. Even in two cases of the same property, the
techniques are assessed differently.
Several techniques, such as treatment with potent carcinogens or radiation, have long been available to scientists and plant breeders to change the
genes of a plant in a random manner. If the same ef-

fect is produced by the new gene technology, all experiments and, where relevant, cultivation must take
place subject to extensive regulations. Furthermore,
several new techniques have become available to
modify, displace and insert genes with high precision where it is currently not possible to determine
whether the results are to be regarded as GM plants
and thus whether the techniques are subject to the
regulations or not. This has led to the regulations
losing legitimacy with many members of the scientific community.
The fundamental question that scientists ask
themselves is why introducing a single small variation in the genome is considered to be dangerous
and subject to extensive safety legislation, when this

METHODS OF PLANT BREEDING
Traditional
The traditional plant breeding process introduces a number of genes in the plant. These genes may include the gene responsible for the
desired characteristic, as well as genes responsible for unwanted characteristics.
Donor Variety DNA Strand
DNA strands contain a portion of
an organism’s entire genome.

Recipient Variety DNA Strand

+

New Variety DNA Strand
Many genes are transferred with the
desired gene.

=

Desired gene
Genetic Engineering
Genetic engineering enables the introduction into the plant of the specific gene or genes responsible for the characteristic(s) of interest.
By narrowing the introduction to one or a few identified genes, scientists can introduce the desired characteristic without also introducing
genes responsible for unwanted characteristics.
Donor Organism DNA Strand
The desired gene is copied from
the donor organism’s genome.

Recipient Variety DNA Strand

New Variety DNA Strand
Only the desired gene is transferred to a
location in the recipient genome.

=
Desired gene
Illustration: Michael J. Ermarth, U.S. Food and Drug Administration*.
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is compared with the enormous variation that nature itself contains, within and between individuals,
within one species, and between species?
The same question arises when GM technology
is compared with variation that can result from mutations. Natural variation within the aspen species is
as large as the genetic variation between people and
chimpanzees. Experiments with aspens in which
Stefan Jansson used gene technology to down-regulate several genes were subject to stringent safety
requirements, while hybrids between Swedish and
American aspens were at the same time allowed to
grow freely in the same stand without any safety
requirements at all. He believes that the risk associated with these hybrid aspens is 100 times greater
than the risk associated with the gene-modified aspens in his experiments.
The research group of which Stefan Jansson is a
member has determined what controls the timing in
the autumn of the tree setting bud and preparing for
winter. A few short sequences of DNA control these
functions, and it is hoped that it will be possible to
develop aspens with increased growth and hardiness
by modifying just these sequences. Once this has
been done using, for example, the CRISPR/Cas9
technique, the modified aspen can be used in conventional cross-fertilisation breeding, without knowing whether a particular tree is a GM tree or has
arisen from a spontaneous change that is not subject
to regulations. The knowledge that comes from such
research can be used also in the breeding of crops.
Bo Gertsson, Assistant Head of Research at the
Lantmännen plant breeding programme, held a talk
entitled “GMO Legislation in Europe – Beneficial
or Detrimental for Lantmännen?”
He initially pointed out that it is obviously important for both the plant breeding companies and
the agricultural industry that legislation is competition-neutral within the EU, i.e. that the same regulations apply in all countries. Plant breeding is based
on creating new genetic variation that can be used
to develop new varieties. It is sometimes possible to
gain the variation sought using classical methods,
without resorting to gene technology or other forms
of plant biotechnology. It is clear that plant breeders
want to use the methods that reach the objectives
that have been set up best, most rapidly and most
cheaply. Examples of interesting new properties that
were mentioned included salt tolerance, drought tolerance, nitrogen efficiency, resistance against pests,
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competitive ability against weeds, and special properties for food.
Obtaining all the regulatory approvals required
to introduce a new property that has been developed
using gene technology costs USD 10–15 million for a
specific gene-modified variety of a crop, which then
can be used for continued plant breeding in normal
fashion. This means that it will never be realistic for
Lantmännen to do this. They will have to license in
properties, i.e. enter into agreements to use a patented property in a deregulated line event for a fee, and
then use this plant in the breeding of ready-to-use
varieties for its customers. Developments are leading
towards Lantmännen, as all other small plant breeding and seed companies and farmers, becoming dependent on a few large multinational companies and
their ideas about the properties that are profitable
for the company and its customers. Opinion and
legislation in Europe influence the possibilities for
European plant breeding companies and farmers to
obtain what the multinational companies develop.
Anders Nilsson described the cultivation of GM
crops, both now and in the coming few years. He
started by referring to the need, determined by FAO,
to increase production of the large-volume crops
corn, wheat, rice and soya, by 50–70 per cent between 2009 and 2050 in order to meet the demand
for food and animal feed. Only small amounts of
land are available for new cultivation, and such new
cultivation would lead to the loss of biodiversity.
Climate change creates a demand for adaptation, and
increased inputs may have an impact on the environment. Access to water is another limiting factor.
The challenge is to increase production while
at the same time reducing the inputs and reducing
the impact on the environment, which gives plant
breeding a greatly increased significance. Current
trends suggest that production increases will not
cover more than half of the requirement for doubled
yields per hectare between now and 2050.
Twenty-seven countries cultivated GM crop in
2013, on a total of 170 million hectares. Two properties dominate: tolerance for the herbicide glyphosate
(RoundUp), and insect resistance conferred by Bt
genes. The widespread use of just these two properties is a consequence of the fact that farmers earn
money by cultivating such crops. They reduce costs,
at the same time as the harvest becomes larger or the
cultivation system can be changed.
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The plant breeding industry is now dominated
by six companies working in plant biotechnology,
which account for 75 per cent of commercial investment: Monsanto, Dupont, Dow, Syngenta, Bayer
and BASF. They mainly work on corn, soya, cotton,
rice and rapeseed. China is becoming an evermore
important player. The CGIAR institutes (approximately 15 institutes for agricultural research within
the UN system, focusing on the needs of developing
countries, and spread around the world) and the
Bill & Melinda Gates Foundation are responsible
for large investments in plant breeding and plant
biotechnology, not least for Africa.
Examples of new properties that are approaching the market are tolerance for drought for higher
or more reliable harvests, higher nitrogen use efficiency, new qualities of oilseed crops, rice with betacarotene (Golden rice), insect resistance in rice and
aubergines, and disease resistances in crops that are
important for developing countries such as beans,
bananas, chickpeas, sweet potatoes and cassava.
The discussion that followed took up the need to

review the regulations that govern gene technology.
The end result of the regulations currently in force
may be reduced diversity and monocultures since
the plant breeding that is carried out by the large
companies is being targeted towards large-volume
crops and large-volume markets. Competition at various levels may be affected. One conclusion arrived
at was that the regulation of new products from
plant breeding should consider the properties that
have been developed, instead of which technology
has been used. Conventional plant breeding can also
lead to undesired properties, and should be subject
to risk assessment based on this. Benefits, research
financing and the interests that control it are important for how the new technology will be considered, which is why a greater commitment from
society in plant breeding is required. The ethical and
moral aspects of using gene technology also need to
be considered, and the ethical and moral aspects of
failing to use it. The possibilities of receiving patents
for new methods used in plant breeding must also
be reviewed.

Seminar 3 – The Ethical and Social Aspects of Plant Biotechnology
3 November 2014 at the Swedish Society for Nature Conservation, SSNC. Arranged by: Svante Axelsson
Svante Axelsson introduced the seminar with a
hope that the discussions held by the group would
decrease confrontation and increase agreement. His
principal message was that a complete change of system is required in the agricultural industry, together
with a new narrative that describes agriculture that
is sustainable; “more of the same” is not an option.
Gene technology and other new technologies will be
assessed based on their contribution to the necessary
transformation towards sustainable agriculture.
He presented the new policy in this field that
SSNC had adopted in April 2014 – Gene-Modified
Organisms and Gene Technology. Some of the noteworthy opinions and proposals in this policy are:
– New regulations should in principle concern all
technologies, and involve a case-by-case assessment.
– An applicant for a regulatory approval is to demonstrate that the product is not harmful, and is

responsible for any damage. A solution based on
insurance is recommended.
– New technology and products should also be assessed from a power perspective, and the opportunities to be awarded patent protection should
be restrictive.
– The GM plants that have been marketed, in particular those with herbicide tolerance, have not
had sufficient consumer benefit or benefit to society. Such products contrast strongly with, for
example, a potato with resistance to late blight.
Thus, the Swedish Society for Nature Conservation agrees that gene technology and other technologies can make significant contributions to solving
many difficult challenges concerning the environment and sustainability. Given that a conflict between societal and commercial interests is obvious,
SSNC wants to see major government investment
in plant breeding, significantly higher than the cur-
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rent level and independent of the technology used,
and investment in properties that are important for
society that are not taken up by companies. The government must also accept responsibility for securing
the basis of genetic resources for plant breeding and
animal breeding.
Sven Ove Hansson, Professor of Philosophy
at the Royal Institute of Technology and Head of
Programmes at Mistra Biotech, had participated
when the new SSNC policy was drawn up, and was
second speaker of the day with a talk entitled “Plant
Breeding and GMOs – Are we Concentrating on
the Wrong Things?”
He suggested that we must discuss the objectives
of plant breeding, not the technology that is used.
Important objectives have been defined in three
principal areas:
1) Continuous development of resistance for the
control of pests and other challenges in the environmental field.
2) Issues related to public health.
3) Issues related to important social objectives,
targeted mainly towards the poor small-volume
farmers in the world.
The risk/benefit assessment carried out must
be based on the precautional principle, and must
depend on which property is being considered. A
property that influences the spread of a plant, for
example, should be examined more closely, but this
assessment may depend on which plant is being considered.

The discussion that followed raised doubts about
whether the GM plants that have been marketed
have given benefits to anyone other than the biotechnology companies. It is not possible, namely, to
demonstrate more rapid development of productivity in countries that use GM technology than in
countries that do not.
It is important when conducting a risk/benefit
analysis to distinguish between danger and risk. The
only way to achieve a new and constructive process
when it comes to legislation and regulations in the
EU is to highlight the possibilities of developing
plants with obvious benefits for the environment,
society, or consumers. However, the high cost of
developing new GM varieties acts as a powerful
barrier to developing varieties that might be able to
influence the regulations – Catch 22.
It was clear that the participants believed unanimously that public financing of plant breeding
should be increased and should be available throughout the complete process to a marketed product. The
reasons presented for this concerned control of how
plant breeding develops and how the technologies
are used, society’s interest that plant breeding that
is not of any direct interest for companies is carried
out, the needs of sustainable agriculture, minimising
risks connected with further development, securing
access to genetic resources, ecosystem services, possible collaboration with neighbouring countries, new
technology that is not covered by the current regulations, etc.

Seminar 4 – Technology for Sustainable Food Production, based on Plant Production
3 March 2015 at the Federation of Swedish Farmers, LRF. Arranged by: Bengt Persson
Sarah Cornell, Research Coordinator at Stockholm
Resilience Centre, introduced the topic with a
talk entitled “Global Sustainability Criteria for a
Sustainable Food Production”. Her talk emphasised
the dynamism, scale, speed and complexity of the
global changes we are experiencing.
The fact that we are living in a period of climate
stability, seen in a historic perspective, does not
prevent the components of the climate system being
linked in such a complex manner that effects in one
part of the system can spread in an unpredictable
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manner. Climate research can therefore describe the
change and indicate the direction for measures that
must be taken. Now that such a description has been
laid out, the question immediately follows about
how we react to this by our individual actions and
by political decisions.
Research into resilience, which is the term used
to describe the integral inertia of systems, carried
out at the Stockholm Environment Institute (SEI)
shows how dynamism and change point in all directions. This research shows how deeply issues and
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solutions appear to be compounded with
each other, complex and incompatible, and
that all aspects must be included, including
social change, local knowledge and previous experience. It is from this perspective that farmers, and all users of natural
resources, are in the process of being given
new roles, not simply producing goods, but
also contributing to maximising carbon
content and carbon sequestration in the
ground. These tasks are to be dealt with at
the same time as up to 50 per cent of arable
land is becoming less favourable for growing, the Earth’s population is growing, and
demand for meat is increasing. The requirements are becoming larger while at the
same time resources become more scarce.
Bengt Persson described how food production can be developed with the aid of
other technologies in society, and how the
demands of consumers and the market are
weighed into decisions over time.
The development of technology is
towards evermore independent and “robotic” systems. The combination of digital
technology with biotechnology will be a
success factor. The development of new active substances by chemicals companies has
been replaced by biology. Patterns of consumption and values are changing, and the
importance of being “natural” is stressed.
While consumers today are suspicious of
gene technology, they see no problems with
digital technology.
Anna Rydberg, scientist at JTI (the
Swedish Institute of Agricultural and
Environmental Engineering at SP, Technical Research Institute of Sweden) described new procedures, methods and
techniques used in plant production.
Our aspiration to minimise the work
put into production is now to be combined
with the aspiration to have as low an impact on the external environment as pos-

sible. The interaction between technology and the biological
systems is central. Evermore advanced sensors are being used
in combination with positioning systems. The technology will
in the long term allow autonomous machines and evermore
advanced systems for decision support. The combination of
digital technology with biotechnology suggests that there is
a trend towards more autonomous cultivation systems also in
the fields. Development is leading us towards “the internet
of things”, and this has applications also within agriculture.
Lotta Rydhmer, Professor of Animal Breeding, Swedish
University of Agricultural Sciences, and active in the “Future
Agriculture” platform and Mistra Biotech, took as her topic
expectations and preconditions for plant production.
One of the great challenges is to preserve and develop
biological diversity and the genetic variation of our crops. A
second challenge is to gain better control of the biogeochemical cycles of nitrogen and phosphorus. The development of
plants that are adapted to climate change is a third challenge,
and reducing the environmental impact of cultivation while
increasing competitiveness is a fourth. A fifth challenge discussed by Lotta Rydhmer was the development of plants with
properties that have a direct significance for personal health.
But plant breeding and plant biotechnology can make valuable contributions in all of these. It will become evermore
important to achieve larger harvests with less input.
All contributors to the subsequent discussion agreed that
we need a new green revolution and that this must come with
the aid of plant breeding, including biotechnology. The largest
problem is the length of time it takes to spread knowledge and
information. Scientists and other actors who want to communicate their vision must be much more active and appear
in various fora in which our future agricultural industry is
discussed.

Highly advanced technology. BoniRob, a field robot
that can mechanically clear weeds and speed up plant
breeding through an automatic process to assess plants
in experimental plots. Photo: Amazone GmbH & Co.
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Seminar 5 – Values, Norms, and Social Context Determine how we Reason, Feel and Reach
Decisions
28 April 2015 at KSLA. Arranged by: Peter Sylwan och Svante Axelsson
The organisers stated that the topic being discussed
was based on how we see science and its results, and
the cultural context that surrounds various groups
of people. Marked trends in value judgements are
reflected in patterns of consumption. The food companies that are sensitive to such movements gain a
commercial advantage.
Mats Eric Nilsson, journalist and author, claimed
that there is a large and powerful international
movement among consumers that hanker for the
original and natural. Actors in the food supply system must take this movement seriously. Fewer additives, expressions such as “clean label”, organic
production and “natural” are clear trends.
The concept of “natural”, however, is not simple
for the industry to deal with if it limits the possibility of producing a substance that is compatible with
nature with the aid of advanced technology. One
example of this is the microbial production of the
stevia sweetener. The question then arises whether
GM plants will be considered to be natural, but a
question that is at least as important concerns the information that consumers receive in the shop. Many
scandals have increased the pressure for authenticity,
naturalness and declaration of origin.
Mats Eric Nilsson speculated that the future will
see evermore detailed requirements on declarations,
and suggested that the fate of GM products will be
determined by how compatible they are with ideas
about what is natural and how they are labelled.
The discussion following Mats Eric Nilsson’s
stimulating talk concentrated on the concept of “natural”, and how strongly this trend has gripped consumers. It has replaced the previous positive values
of hygiene and automatic production. It was concluded that consumers would have a positive attitude
towards a GM product if it was believed to be a way
to get rid of something worse, such as pesticide use
or food wastage, or if it led to better use of resources.
Malin Ideland, ethnologist and Professor in
Educational Sciences, described how biotechnology
was a hot topic within medicine until the 1990s.
The biomedical narrative was then established
as essentially positive with stem cell research, pharmaceuticals development, increased BNP, and in-
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creased research funding. For applications within
agriculture, a completely different narrative had
arisen that revolved around multinational chemicals
companies whose sole interest was to benefit themselves and industrial-scale agriculture. This narrative claimed that the technology was not sustainable
and constituted a problem for the environment. It
would in principle have been possible that the direct
opposite narratives were established – that medical
gene technology was fundamentally unethical and in
conflict with the image of medical care as inclusive
and caring, while gene technology in agriculture was

What would it have looked like if the majority had seen gene technology as a tool for better health? Wendy Cottiers*.
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seen as a tool to solve the environmental and health
problems associated with modern agriculture.
Nils-Eric Sahlin, philosopher and Professor of
Medical Ethics, agreed that the question of the acceptance of gene technology in agriculture deals
with whether it can replace something that is considered to be worse. Supporters of the technology
must gain the trust of the general public by taking it
as a serious dialogue partner.
Our tendency to feel anxiety when faced with the
unknown was reinforced by biologists in the 1980s
and 1990s when they emphasised our lack of knowledge about the consequences of using gene technology, while the medical profession was very reluctant
to talk about this.
When we make decisions, we don’t do it on rational grounds, but to confirm what we believe that
we already know. In the field of medicine, the media
have been able to show how different uses of GM
can help individuals, and this has contributed to a
positive reception. In order to achieve a sober and
rational discussion about how new technology is to
be used in society, it is necessary to know how people
function.
After these two talks, it was concluded that experts and representatives for industry had failed in
the task of communication relating to the use of biotechnology within agriculture. On the other hand,
society had demonstrated huge suspicions about
gene technology. The complete restrictive legislation that is in force is based on people’s anxiety, and
its design has probably made consumers even more
anxious.
Anna Lehrman, scientist and communicator at
Mistra Biotech, described how the internet can be
used to spread supposedly confirmed research results
that subsequently turn out to be false.
The number of scientific articles that must be
withdrawn after examination is increasing more

rapidly than the total number of articles published.
Despite this, the erroneous articles, results and conclusions continue to circulate on the internet, in public debate, and even among scientists.
This is a growing problem for the scientific community, but it is an even greater problem for the relationship between scientists and society. She gave
several examples of this. One example was results
from experiments with rats fed on GM corn, which
were subsequently shown to be wrong. The article
was withdrawn, but even so the claim that rats suffer
health problems from GM corn continues to circulate in both the general and the scientific press.
Social media spread erroneous information and
conspiracy theories far and wide at lightning speed.
Anna Lehrman encouraged all scientists to be
prepared to “sully their hands” and visit internet
websites on which these theories flourish, and at the
very least add a link to the correct information. In
summary, she showed how different interests compete in the public arena to present what they claim to
be the truth, and it can be experienced as frustrating
when scientific facts are assessed on the basis of how
well they fit in with people’s values.
The discussion after the talks dealt mainly with
the need to develop a vision for the development of
agriculture and how biotechnology can be a part
of this. It was accepted that also gene technology
may play a role in this, in combination with other
technology, while there was at the same time strong
scepticism in the group concerning the actions of
the multinational chemicals companies. It was stated that society must also be involved, and that political decisions must be taken about a review of the
regulations. Finally, the discussion ended with the
conclusion that we must be better in describing and
explaining how the new technology can be used to
solve various problems that we are facing.
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Seminar 6 – Plant Biotechnology and Politics
2 June 2015 at the Swedish Parliament. Arranged by : Anders Nilsson
Marie Nyman, Administrative Manager at the
Swedish Gene Technology Advisory Board, held a
talk at the seminar entitled “New Technology and
Current Changes in the EU’s GMO Legislation”.
Several new techniques, of which the CRISPR/
Cas9 technique is the most recent, can be used in
various forms of targeted mutation. According to the
current regulations, these are classified as GM technology or not, depending on whether they introduce
gene segments from other organisms and whether
the gene modification can be traced. The EU has
been considering these questions for seven years, and
a decision was expected in the summer of 2015. This
has, however, not been reached. The crucial questions is how it is possible to regulate a technology
that cannot be traced and one in which the same
gene modification can be achieved with technology
that is not subject to regulation.

Marie Nyman described the proposed change
to legislation that the EU Commission presented in
the spring of 2015. This would make it possible for
one member state to require that a certain GM plant
is not cultivated in that country and forbid the use
of a certain GMO-containing feed that had been
approved at EU level.
Two members of the Swedish parliament with
opposing views then presented the perspectives of
their party about how the political system has managed issues relating to GMOs.
Jens Holm (the Swedish Left Party) started by
pointing out that he would welcome a more considered view of GM plants within the party, but stated
that it is not simply a matter of crops with modified
properties but also a matter of patents and commercial interests.

Supporters of organic cultivation protest against GMOs in the European Parliament. Photo: Staff Beebees*.
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He was also concerned about what the ongoing negotiations about the Transatlantic Trade and
Investment Partnership (TTIP) might lead to. He
was also clearly doubtful about the new EU regulations that would give individual countries the possibility of accepting or rejecting at a national level
the import and use of approved GMO-containing
animal feeds.
Kristina Yngwe (the Centre Party) said that she
was one of the supporters of GMOs in the party.
Regulations should be based on properties and not
the technology used. Gene technology cannot save
the world, but it will be an important tool. She was
also doubtful about the idea that individual countries should be able to take national decisions.
The discussion initially took up the need for an
increased commitment from society for plant breeding and for government funds to finance greater investment. The legitimacy of biotechnology depends
on how it is financed, and plant breeding should be
used to solve the problems that society is facing.

The foundation of the current gene technology
legislation was laid as the 1980s became the 1990s.
The political system must now take the initiative
for new regulations based on the current, changed
situation. The new regulations should take the properties as the starting point. Examples of properties
that it should be possible to develop with the aid of
biotechnology that were discussed included aspects
of quality for crops such as oats and green peas that
are cultivated in low volumes, varieties for no-till
cropping systems, increased nutrient levels, low cadmium absorption, and resistance to plant diseases.
Issues relating to patenting also need to be discussed, and patentability limited to products, not
processes. It was at the same time emphasised that
plant breeding is only one of several tools that must
be used to achieve the development within agriculture that we want. The coupling between how the
regulations have been drawn up and the dominance
of a few large multinational actors is clear. Questions
related to plant breeding should be addressed in the
ongoing development of a Swedish Food Strategy.

Seminar 7 – Project Results
20 January 2016 at Torsåker Castle. Arranged by: Anders Nilsson
Professor Thomas Rosswall, previously Vice Chancellor of the Swedish University for Agricultural
Sciences and the coordinator of the planning that led
to the formation of the Mistra Biotech programme,
started the seminar with a talk entitled “Sustainable
Agriculture in an International Perspective”.
The starting points of his talk were population
growth, more complex correlations between agriculture/food and other parts of the development of
society, the UN’s global sustainable development
goals, the COP21 climate agreement, and a need for
increased food security. The complexity of the global
food system was illustrated, while at the same time
the local preconditions constitute its base. As a conclusion of these conditions, he emphasised the need
for lower waste and other forms of loss, adaptation to
changed conditions for plant production, a reduction
in the emissions of greenhouse gases, climate-smart

production systems in the agricultural industry, increased profitability, and increased productivity. He
claimed that this represented a rainbow revolution
with lower requirements for inputs, increased harvests and maintained production capacity.
Several contributors to the subsequent discussion underlined the significance of trade – not only
global trade, with the associated international trade
agreements, but also how things are organised locally – for developments regarding food supply. It is
important that international development in major
questions relating to the climate, global sustainability and food security is reflected in how the Swedish
Food Strategy is formulated and how its various
components affect an individual farmer on the local
plane. Plant breeding and plant biotechnology can
play important roles here.
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The EU legislation governing GMOs
is out-of-date. The emotional debate
of whether one is “for or against”
GMOs is equally out-of-date.
The time has come for regulations
governing plant breeding that do not
depend on the technology used.
The government must also take greater
responsibility in financing research and
development for new environmentally
friendly and healthy varieties for
cultivation in the Swedish climate.
The technology is available.
We can use it for good.
All the participants in the KSLA Dialogue
Project about biotechnology in agriculture
agree about this. Using dialogue, mutual
understanding has been reached between
people with experience from the political
sphere, the green movement, the agricultural industry, government agencies, and the
academic world. The objective is sustainable
agriculture, and modern plant breeding is
one important tool to achieve this objective.

Royal Swedish Academy
of Agriculture and Forestry
(Drottninggatan 95 B, Stockholm)
P. O. Box 6806, S-113 86 Stockholm,
Sweden
tel +46 (0)8-54 54 77 00
www.ksla.se, akademien@ksla.se

The Royal Swedish Academy of Agriculture and
Forestry (KSLA) is a meeting place for the green
sector. The Academy is a free and independent
network organisation working with issues relating to agriculture, horticulture, food, forestry
and forest products, fishing, hunting and aquaculture, the environment and natural resources,
and with agricultural and forest history. We work
with issues that concern all and interest many!

