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PREFACE
The Svalbard Global Seed Vault has in the course of its brief history succeeding in acquiring an important position in the world. Not
only professionals from within the agricultural sector, but also a large
number of “ordinary” people from all over the globe know about and
appreciate the value of the vault. Located in the far north, in exotic
Svalbard, our civilisation’s most important treasures are to be preserved
for all eternity. It is no wonder that such an institution holds an appeal.
The need for a seed vault stems from the increasing pressure that is being placed on the earth’s resources. Rapid changes in agriculture have
led to a situation where many of the genetic values that have evolved
over the course of thousands of years are at risk. Simultaneously, we
must produce more food for a growing world population. It becomes
then ever more important to safeguard genetic diversity.
A great deal of work has been carried out in connection with the collection of plant materials from all over the world during recent decades, but these materials are not always stored under equally secure
conditions. In Svalbard it shall be possible to store duplicates of seeds
from the world’s seed banks more safely and for a longer time period
than that which has been usual up until now.

This book presents the background of the seed vault’s justification,
from the time when the seed concept itself was conceived in a remote
past, up to the food supply challenges of the future. It is a complex
reality that involves many professional fields and intersecting interests, but also a reality that fill us with wonder and fascination for the
mysteries of life and nature.
An understanding of the long-term trends and large perspectives of
existence has become more important than ever before if we are to
ensure a responsible development of society. The health of the natural environment and the health of the human race are closely intertwined. My ambition with this book about the tiny seed is therefore
nothing less than to open up doors to knowledge and respect for the
world of which we are already a part.
Pål Hermansen.
Ski, januarY 2013
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The growing of crops and keeping
of livestock have been a part of
human life since the earliest
periods of civilisation. The women
are often the driving force.
From Kenya (left) and Mali.

CHAPTER 1

The seed, life’s surprise package
I am a member of that throng of bird enthusiasts who every day during the
winter season generously spread sunflower seeds onto a bird feeder. Flat,
egg-shaped seeds bearing narrow stripes. Apparently all of the tens of thousands of seeds in the 25-kilo bag are identical, as it would also appear that all
rice, wheat, rye, and oat seeds are created according to the same design. But
that is not the case. The biological variation, secured through the random
genetic amalgamation of millions of generations, has produced a multitude
of variations – in the seeds’ appearance, size, shape and consistency. Upon
closer scrutiny of the sunflower seeds you will discover, for example, that
the precise, grey-black stripes on the shell of each seed do indeed resemble
one another but also have their own wholly unique characteristics. The stripes appear as if they could have been drawn by hand.

Living cells
do not have
bars.
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Sprouting cress seed.

The world-famous Chinese artist Ai Weiwei must also have noticed this
when he in 2011 was invited to exhibit his work at the prestigious Tate Modern museum in London. His idea was simple, but the project nonetheless
proved to be highly spectacular: he created 100 million sunflower seeds of
white porcelain. Then he employed an entire village in China to hand paint
stripes on every single seed! It took the 1600 persons of the village 2.5 years
to complete the project. The painted “seeds” were then placed in a formation on the floor of the museum and visitors were permitted to wander around and even walk on them here and there. The concept? Well, Ai Weiwei
wants certainly to tell us that even though human crowds would appear to
be conformist, they are always made up of individuals who have different
life situations, wishes and needs. If as a visitor you walk around and also
step on the seeds, well, then you are crushing the little man. One important reason why the sunflower seeds were chosen was that the Chinese had

a very close relationship to them. The fatty seed was an important source
of sustenance for the Chinese population during the Cultural Revolution,
when starvation took the lives of many millions.
This exhibition has already been referred to as one of the most important in the history of the museum. Art has always used nature as a
reference, and this work is a good example of how nature, culture and
history can be simply intertwined by a great artist.

Our daily seed …
Give us this day our daily seed! Yes, that is perhaps how the Lord’s
Prayer should have been written, in order to be truly universal. There
is at any rate no doubt that without the seed, mankind would not have
been able to subjugate the world in the way we have done, for better or
worse. The tiny, often inconspicuous seed – round or oblong, egg-shaped or pointed, flat or striped, multicoloured or red, green, brown or
white – without it, our lives would have been different. Indeed, perhaps you and I would not even be here at all. Because there would
not have been so many billions of examples of Homo sapiens on our
beloved Mother Earth if our forefathers had not discovered how they
could domesticate plants. Wheat, corn, rice, rye, barley, oats, sunflower, sorghum, soy – the list of seeds that on a daily basis help to keep
the world’s population alive is long. Yes, if we include all of the domestic plants, more than 7000 plant species have been cultivated or
collected for food throughout history.
13

Are no two sunflower seeds alike?
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Life’s surprise package appears
The seed is life’s surprise package, silent and small and unassuming, without any particular attention-grabbing attributes. There is nothing that announces that this somewhat shapeless clump of starch lying there along
with a profusion of other relatives − that it is in fact a tiny bomb of vitality and life processes, with roots extending back to the dawn of time.
Although its outward appearance may be modest, the seed is nothing less
than part of a long, existential narrative about life and death and love.

Carl von Linné was the first to describe the intricate connection between the species in his work Systema Naturae.
But as early as in 1729, 22 years of age and long before publication of this work, he wrote an article about his fascination with plant reproduction. In particular, he marvelled
over how these dumb creatures, incapable of thinking a
single thought, had nonetheless a somewhat provocative
and indecent sex life! The plants’ sexual reproduction had
at that time just been discovered by modern science, and
Linné utilised the plants’ sexual organs as the basic principle for his new system. But Linné’s descriptions went far
beyond the bounds of scientific precision. They were so
juicy and morally offensive that he met with a great deal
of resistance from his colleagues. In his article the young
Linné writes: “The flower and the petals are a bridal bed
that has been positioned by the Creator with fantastic
beauty. It is surrounded by a noble bedroom canopy and
perfumed with so many sweet and pleasing scents that the
groom and his bride can celebrate their conjugal duties in
a state of the best well-being and pleasure… ”

While the first algae appeared in the ocean 3.6 billion years ago, the
first primitive land plants did not take root until 470 million years back
in time. These were Charales – the freshwater algae that took root in
16

Water lily with large stamens, Sri Lanka.

the mud and laboriously climbed a bit further up onto land. If during
a stroll through the woods you should take the trouble to wander a bit
off the path, you will quickly find yourself wading through ferns and
rushes. Imagine if you were the size of a teaspoon: then your experience
of the stroll would resemble how it must have been walking through
the forests of 30−40 metre tall tree ferns that covered the surface of the
earth 400−350 million years ago. Today we can see the remains of this
forest in, among other things, the coal in the mines of Svalbard.
It took yet another hundred million years before the beginnings of
today’s domestic plants saw the light of day. The first flowering plants
came approximately 140 million years later and the pollen distribution relay between plants and insects commenced. The evolution subsequently snowballed with adaptations between the plants and the
bees and other insects. The bees adapted to the flowers and the plants
to the bees, so that the most expedient and effective fertilisation solutions were developed. While the ferns reproduced by spores located
on the underside of their fronds, the result of the new flower invention was that the source of life was neatly packaged within a seed.

The stigma of a Marsh Saxifrage flower, Svalbard.

The seed contains an explosion of life, albeit an explosion that occurs
in a slow and controlled fashion when the conditions are right. The germination process is fascinating: cotyledons, stalks and roots unfurl like
sinuous snakes. And the biological variation is equally overwhelming.
Although the process takes place in the same order for all of the individual seeds, nonetheless, none of these are exactly the same.

In order to be able to initiate such a life-rocket, rocket fuel is of course required. This is found in compact form in the seed. The chemical reactions
that start the germination process pump out quantities of energy providing
carbohydrates, but here there is also a virtually complete package of all the
biologically active vitamins, minerals and trace elements that we know of.
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The seed is first and foremost a pack lunch bursting with nutrients. But the size and packaging vary enormously. On the left, a red beet seed, on the right, a pumpkin seed.
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The miracle occurs, the seeds germinate
But this seed, which we take for granted – what is it that is concealed
beneath the shell? What is this tiny particle upon which the human
race is so dependent and how can it produce such an energy explosion? In principle, the contents of the seed are pretty simple: the tiny
germ of a plant-to-be, a large bundle of nutrients and a protective shell
− accordingly, exactly the same principle as for the Sunday breakfast
egg. The result of the fertilisation between egg cell and sperm cell on
busy summer days is the seedling, which is the same as the embryo
− the foetus – which we are familiar with from all other higher life
forms. This embryo consists of a root system, stem system and cotyledons. “The pack lunch” which is actually what interests us, as humans,
is made up of different compositions of nutritious starches, fats and
proteins. It ensures that there is enough energy for the germination
process, until the new plant succeeds in sending out its root threads to
procure nutrients from its surroundings. The shell grows dry and hard
and usually constitutes a kind of armour that protects the vulnerable
spark of life from negative external influences.
When the seed is lying there, packed up like the presents under the
Christmas tree, what decides its fate? First the package must lie under
the tree for a while before it can be opened. The recently produced
life forms often need to rest in order to gather strength before the allimportant showdown. How long the seeds need to rest varies greatly
from one species to another. If the seeds are in a dark, dry environment, often there will be no new life unfolding whatsoever. For some
species a cold period is required, of less than 5 degrees, before the
right signals begin spreading in the cells. For others the shell of the
seed is so hard that it takes time for it to be broken down by ice and
micro-organisms in the earth. But if water penetrates the shell and
softens it, and there is oxygen available, we will then see how the seed
swells. First a tiny root comes out of the end of the seed going down
into the soil, while a stalk with two tiny leaves makes its way upward.
Some seeds sprout best in light, but there are also a number of plants
that only sprout in darkness. The water that penetrates the seed, along
with the right temperature and light, causes the enzymes inside to
start working. The long carbohydrate molecules, proteins and fatty ac20

Sprouts are the super food of health food enthusiasts. Seen here, alfalfa sprouts.

ids are broken down into smaller entities and sent to the cells, which
divide and build up the first parts of the plant. Oxygen is important
as a substance for the chemical reactions of this first phase – in contradistinction to later life phases, when the plants use carbon dioxide
for own production of oxygen. The access to CO2 becomes therefore
increasingly more important during the germination process.
As is the case for embryos from the animal kingdom, the cells in this
initial phase are quite similar to one another. They are what we call
stem cells in humans, a type of universal cell that can be developed
into all cell types. When the cells begin to divide, they change in character and are developed in different ways, according to the different
functions they will carry out. It would appear as if the cells in a fascinating manner know what they will become, but in reality it is the
genes and a series of hormones that turn off and on the switches and
buttons in the building process and determine whether they are going
to build a nerve cell, a cardiac muscle cell or a skin cell. It is exactly the
same thing as the way an architect’s drawing tells the builder whether
he is going to build a log cabin, a concrete building or an outhouse.
In plants it is the growth substances, the plant hormones that are in
the driver’s seat. Auxins, gibberelins and cytokinins are names of the
most important natural substances that control the plants’ development. They affect everything from common cell division, the development of roots, leaves and branches, the falling of leaves and growth
length, to the seed’s resting period and formation of seeds and fruit.

Scientists have with time acquired so much knowledge
about the growth substances of plants that they to a large
extent can actively employ them in plant breeding and
cultivation to cause the plants to behave in a way suited
to the needs of human beings. Yes, they don’t just settle
for using the plants’ own substances; artificial plant hormones have also been developed that interrupt the seed’s
resting period, cause the seeds to germinate more quickly,
increase or shorten the growth length, accelerate flower21
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ing and fruit ripening, and produce extra roots and buds.
Such substances can also have a selective impact on
some species and species groups. As such, a number of
plant hormones can be used to combat weeds. This form
of “plant dressage” is an important reason why we today
can produce large amounts of plant material quickly and
effectively and according to our own time schedule. We
want poinsettias for Christmas, for example, and not for
Easter or the summer holidays.

The germination temperature varies a great deal from one plant to
the next. The grain types are prudent and can sprout as early as under spring temperatures of 5−6 degrees, but most plant groups thrive
best at around 25 degrees. If the temperature increases to above 43
degrees, it becomes too hot for the enzymes and growth suffers.
The length of the day is another important factor for the sprouting
seeds, while the light direction and gravity determine what goes up
and what goes down. The plant has sensor cells that send messages
about the amount of light and gravity direction, and ensure that auxin
is released and transported around the plant to areas that are to be
“stretched”. This can mean that the auxin will be located on the side of
the plant in the shade, so that the cells here are stretched and make the
stem bend towards the light.
The plants’ first phase is the growth phase, the vegetative phase. Once
the plant is fully grown and the time of reproduction approaches,

flowers are produced on the very end of the shoots. The plant has
reached the generative phase. But this doesn’t simply occur automatically. The plant imposes quite specific requirements in relation to the
circadian rhythms and amount of light. In fact, it is not the light, but
the period of darkness that determines the moment for flowering.
Some of our cultivated plants come from places where they have been
adapted to short days, while some are more northern and thrive best
with long days, and others do not care about the length of the day at
all. Some plants are biennials and need a cold period before flowering
commences, such as carrots and other root plants, while grain species
such as winter rye and winter wheat must experience a cool winter
period in order to stretch more and produce flowers. These are the
light or temperature impulses that control the release of growth substances, which in turn cause the cells to do their job.

The nutritional, vitamin and mineral content in germinating seeds and chlorophyll-containing sprouts is impressively high. Many natural medicine experts also claim that
they can demonstrate the presence of a particularly large
amount of vitality and energy in the sprouts. Their theory
is that we do not just make use of the nutrients in the food,
but that when food is “alive” it is also healthier and full of
more energy for us. This is the reason why “green super
food” is the subject of much discussion in the health food
sector. The juice of freshly sprouted wheatgrass is supposed to be the healthiest of all.

The germinating seed
is a slowly
erupting volcano.
22

Sprouting chickpeas.

Sprouting wheat seeds.
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Floral display, extravagant
beauty or sober handicraft?
We humans believe in our more romantic moments that beautiful, colourful roses and tulips exist for our pleasure. But no, nature does not take such
things into account. Darwin did indeed marvel over the fact that some
flowers were much more beautiful than they, strictly speaking, needed to
be and that the birds perhaps did not need to sing the entire repertoire of a
song festival in order to make an impression with the ladies. Is there in fact a
compulsion for extravagant beauty in nature? Well, Darwin did not pursue
this line of thought any further; he concentrated instead on the useful capacity of beauty in a scientific context. Because if the flowers have not been
created with an eye to beauty, many of the most fantastic flower creations
are quite pragmatically intended to function in the service of reproduction.
The constructions have first and foremost evolved to attract small sweet
-tooths with fragile wings and long straws – buzzing bees, bumblebees, and
butterflies as light as a feather with a proboscis – a tubular mouthpart − that
gives the elephants a run for their money. The flowers are everything from
effervescent, visual haikus to blatant screams of colour. Even the most cunning advertising pros and marketing experts are unable to compete with
the plants’ flashy marketing tools and clever tricks. Here special offers and
sweets strategically situated by the cash register are not enough; no, here essentially everything is fair game – both downright swindle and fake sex toys
for the gentlemen get the green light. The ends justify the means! And the
“end” of all of this drama is something as prosaic as that the helpers are going
to move some tiny grains from one plant to another. The insects are easily
lured in by sticky sweetness − they have in fact based their entire existence on this type of outdoor service. This is high carbo, high octane Jet A1
flying fuel for animals who live a life of constant high RPM. They are easily
persuaded and can be tricked into carrying along the tiny pollen grains that
are equipped with spikes and adhesive to attach to both hair and fur – and
of course, finally, to the receptive female stigma.

The seed, life’s surprise package

while the central core develops into the seed’s all important pack lunch.
Around the ovule are a couple of seed membranes that will become the
shell. During the development of the seed, the cells divide plentifully, and
they also release substances that cause the surrounding fruit to develop.
For example, there would be no juicy, aromatic apples or strawberries if
the small seeds in the core or on the surface had not been fertilised. There
they release their secret stimulus that leads to growth and the transformation of carbohydrates into tasty flavourings and important antioxidants.
The grass species, which most grain species belong to, have another strategy.
They cannot offer flashy or aromatic flowers to the insects, so they simply
pollinate themselves. As soon as the blossoms open, the pollen carriers deliver their charges to their own females. An exception here is rye, which instead resorts to carpet bombing. The plants pump out such huge amounts
of pollen on the wind that based on statistical probability alone, some small
grains must find their way to a neighbouring plant in the field. But that requires that the plants are grouped in tight clumps and in large quantities.

When the pollen has been safely deposited in the female genitals, the male
genes begin the journey of growth down to the ovary. In fact, there are
two sacks of sperm cells in the pollen, and each of these fertilises its own
respective female structure, both the actual ovary and also a central core
located in the middle of the seed-to-be. The ovary becomes the seedling,
24

Production of tulip bulbs in the Netherlands.

The hoverfly and the sunflower
are perfectly matched in colour
and design.
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The genes, the information carriers

Vegetable farmers:
a new use for cauliflower has been discovered –
a traffic light!

Up to this point we have spoken about genes as an unquestioned concept in our everyday vocabulary. But we must remember that for blessed Darwin this constituted waters just as unknown as those which he
encountered during his years spent on board The Beagle. Up until the
19th century, the hereditary process in humans was still attributed to
body fluids, a theory that originated with the Greek Hippocrates, the
father of the medical arts, in 400 BC. Illnesses were caused by disturbances in the same body fluids, according to him, and the doctors prescribed blood-letting as the treatment for most ailments. If it didn’t
work, they would simply let more blood. In that way they could end
up killing the patient, as was supposedly what happened to George
Washington!
The same principles applied, according to the expertise, to plants.
They reproduced by spreading “the juice of life”. If a pea plant with
red flowers was crossed with one with white flowers, the mixture of
life juices should, according to this theory, lead to a resulting pink
flower on the offspring. But this was not the case, as the Czech monk
Gregor Mendel was able to report. Most of the direct offspring were
completely red, while only a few were white. More precisely, three out
of four offspring had red flowers, while the last had white. Mendel
interpreted this as meaning that the features were not “thinned out” in
the life juices, but were to be found in some small “particles” that were
passed on fully intact from one generation to the next, one from each
of “the parents”. Those with colour were dominant over those without,
which is why both the plants that had two colour particles and those
that had one particle with colour and one without became equally
red, while the one plant that had two white particles produced white
flowers. Plants with a double set of identical features (red or white)
were called homozygote, while those with one dominant and recessive
particle were called heterozygote. Mendel also demonstrated that by
combining heterozygote plants, completely new characteristics could
arise in subsequent generations than those found in the parent plants.
This occurs when the recessive genes, which have been previously repressed by the dominant slave drivers, at some point in time can meet
in a double dose and thereby live out their unique characteristics.

26

Cauliflower is more than just cauliflower for plant breeders. In addition to giving it
different colours, they have also crossed the cauliflower with broccoli and produced a new
vegetable, Romanesco broccoli.

Mendel’s simple but groundbreaking studies on pea plants had already
been published during Darwin’s lifetime (1865). But he knew nothing
about the publication of this study in the remote Brno. Since Mendel
was not a member of the established scientific intelligentsia, the results
remained a well-kept secret up until the turn of the century.

The DNA code is cracked
The fact that the allied forces succeeded in cracking the code of the German
encryption machine Enigma during the Second World War brought peace
to the world much more quickly, with a subsequent rich development of
society. The solving of the great biological enigma after the war, the genetic
code, was just as revolutionary a step for science. There was no greater mystery for post-war scientists than the nature of our biological messengers. On
25 April 1953 Watson and Crick signed their names to an article containing
the most revolutionary scientific discovery of the 20th century: the nature
and structure of the elegant, winding spirals of the DeoxyriboNucleic Acid
(DNA). These are the thin, strands within which the individual’s and many
previous generations’ historical codes are gathered in one place.

The skeleton of the DNA-spiral, the very basis of the ladder, is
made up of two strings consisting of sugar molecules, called
deoxyribose and phosphate molecules. The rungs on the ladder are made of a series of bonds containing nitrogen base
pairs. The letters A(denin), G(uanin), C(ytosin) and T(hymin)
are the names of the bases; they are, so to speak, the alphabet
of life’s enigma. The bases are of different sizes and are combined only in pairs. G combines only with C, while A combines only with T. It is the combination and the order of these
small, individual molecules that constitute the very hard disk
for all of the genetic information of every species. Yes, in fact
it is more than that: all living creatures have surprisingly
many common genes in their portfolios; they carry around
with them a card file, as it were, of life’s entire development.

27
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DNA is
the ladder of life,
the stairway
to heaven.
Our genes are grouped and gathered in chromosomes and an individual’s
total gene stock is called a genome. Human beings have 23 pairs of chromosomes, while other species have both more and less. The genome of
wheat, for example, is six times greater than man’s and is made up of triple
sets of chromosomes.
Most species have many more genes and gene copies than they actually
need in “daily life”; for some species even as much as twice as many. But
independent of the “gross number” of genes, the “net number”, or the active genes, is in the range of 20,000-40,000 (human beings have 22,000).
The other genes remain in the card file, apparently dusty and inactive.
Previously this was referred to with a bit of disdain as “trash DNA” and
viewed as waste left over from evolution’s twisting, maze-like journey. Today scientists are cautious about using such characterisations, because it
has been shown that features can be retrieved from exactly this jumble of
old genes and gene fragments when it turns out that a species suddenly
has a need for them − due to environmental changes or other changes
in life conditions. If the gene is to be found “in storage”, it can be “turned
on” with surprising efficacy and the plant or the animal’s survival is secured. And not only that; such a hasty activation of a dormant gene can be
passed on to the next generation with the sex cells; in other words, environmental adaptation can occur much more quickly than with common
genetic selection. This has become an entirely new field, called epigenetics.
In principle, such a “turning on and off” occurs when the genes that are
28

to be read are openly available, like the page of this book, while the genes
that are not to be read are found on a page that is crumpled up. If necessary, it is nonetheless possible to smooth out the page again, so the text is
made available. In this way, the often heated discussion about whether it
is hereditary or environmental factors that are of the greatest significance
for determination (nature or nurture) is a pretty generalised affair. On
the basis of these facts it is clear that the environment can directly affect
genes. The answer therefore becomes that of Pooh Bear: yes please, both.
New knowledge in this field, along with the construction of a “genetic
map” for increasingly more species, has led to making it possible to breed
plants and animals in a better and more targeted fashion than previously.
Although for a long time we knew that the genes and the chromosomes
had to be there, it was with the description of DNA that we were for the first
time able to learn how the cells elegantly resolved biology’s greatest, most
magical and fascinating task, specifically, the organisms’ capacity to pass life
on to the next generation. Every living creature, whether it is a tiny amoeba,
a wheat stalk, or a giant elephant, has a set of genes that come from the origin, often half from “the mother” and the other half from “the father”. These
genes control the cell’s factory, where the construction workers (more RNA
types) travel around with copies of the recipe for the new cell construction,
procure the necessary raw materials and produce the correct architectonic
masterpieces for precisely the cell type in question.
In ordinary cell division the genome is duplicated identically, so that
the new cells are the same as the old. For the sex cells it is a bit different. If cells with a complete inheritance system from both parents
should be combined in new offspring, the new would receive twice
as many genes as the original. It is easy to imagine the result of this
after a few thousand generations. The number of genes would reach
inconceivable heights. It is therefore ingeniously organised in such a
way that precisely the sex cells, those which are to combine with an
unknown counterpart, just divide in the middle of the spiral without
creating an identical copy. When two such individual DNA copies,
one from an egg cell and one from a sperm cell, are combined, they
produce the core of a new cell with a normal amount of hereditary
material. They then begin to divide in the ordinary fashion, so that
each generation of cells receives a full copy of the hereditary material.
To the left: Bean sprouts.
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There are several hundred thousand types of rice. Here are six of them.

The small errors − the Columbus egg of
evolution
Cell division is directed by complex processes and safety mechanisms, exactly like what we find in many fields in today’s well-regulated human world.
A good example is air traffic. Here the safety precautions are extensive at all
levels, from the mechanics of the airplanes, to traffic control in the tower
and all the navigation and security tools, to the meticulous control of baggage and passengers. Nonetheless, accidents occur. Materials turn out to be
defective, people may fall asleep on the job, sometimes the weather turns
on us and sometimes terrorists manage to sneak on board. The greater
the number of departures, the greater the chances of something happen30

ing. That is exactly how it is with cell division. The number of “departures”
and “arrivals” is enormous in a complex organism and errors occur, either
due to outside influence or errors in the control mechanisms or in some
of the building blocks. Such errors arise in both types of cell division, both
the duplicating type in the body cells (mitosis) and the dividing type in the
sex cells (meiosis). Usually such errors are intercepted by control systems
that effectively eradicate the cells that are “damaged goods”, but the security
system also fails from time to time in cells. In human beings for example, the
errors that occur in the body cells lead to dysfunctions and illnesses such as
cancer; those that arise in the sex cells can be the source of offspring that
deviate somewhat from their parents, genetically speaking. Such errors are

called mutations. As a rule, the errors are only negative, but once in a while,
they randomly produce a change that makes the individual more adaptable.
A plant with a favourable mutation will manage better than the original
plants and in that way will spread more. It’s exactly like when an innovative
company enters the market with a new product that is better, cheaper and
has a more attractive design than the products of its competitors. It’s not
long before they are market leaders.
Although this might sound simple and a little bit obvious, we are here
at the core of life’s development and the theories which Charles Darwin launched in his legendary book from 1859: On the Origin of Spe-

cies by Means of Natural Selection, or the Preservation of Favoured Races
in the Struggle for Life. The tiny percentage of “damaged goods” in the
reproduction of life is the foundation of the world as we know it today.
The concept survival of the fittest explains to a large extent the development of today’s fragmented picture containing a myriad of species
which in intricate patterns have adapted to one another and their surroundings. Every species exists in a number of variations, genetically
designed especially for the particular geographic area in which they
arose. In the case of plants, there is here a tailoring of tolerance for
the soil, nutrients, illnesses, the number of hours of daylight, temperature, humidity, grazing pressure, and a series of other parameters.
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Human beings and nature hand in hand
While those of us living in the northern regions lived as hunters, fishermen
and gatherers throughout the Stone Age, parallel to this a rich development took place in the central civilisations of the Middle East, particularly
on the plains between the Euphrates and Tigris, the former Mesopotamia
– today south-eastern Turkey, Iraq, Syria and Lebanon. Here the population had grown to such an extent and had put such an enormous pressure
on nature that it had become increasingly more difficult to find enough
food simply through hunting. Luckily, many different species of grass
were growing in the area, and humans could gather seeds from wild barley, einkorn, and emmer – the forerunners of the wheat types that we are
familiar with today. These were found growing wild in such abundance
that they could be harvested or picked up from the ground (many seeds
fell to the ground when they were ripe) and used for food. Gradually man
discovered that the grass grew particularly well in places where the forest
had burned. They began for this reason actively setting fire to forest plots
and spreading the seeds on the ashes. This produced a large crop yield
while they were also spared having to wander around searching for wild
grain. This was how the first form of agriculture came about. The problem
with this slash and burn form of agriculture was that the soil was eventually depleted, since the nitrogen that was liberated through the burning
was consumed by the plants. For that reason after a few years the farmers
had to move and burn the forest in another location. But eventually they
learned how to nourish the soil and at that time settled permanently. Parallel to the first cultivation of grains came also the keeping of cattle, goats,
pigs and other livestock, and these contributed fertiliser.

easier to harvest and handle. These were taken care of and sown and cultivated, so that man could breed new generations of plants that on the whole
were better equipped to survive nature’s whims and produced more food.
The most important and first characteristic of the plants that man made
a priority was the supple ear stalk. This made it possible for the seeds to
remain on the stalk after they were ripe rather than scattering onto the
ground. It was then easier to harvest them. In order to manage this with
the greatest possible efficiency, with time the sickle was developed into
a highly suitable cutting tool. The oldest preserved grains of barley with
such supple ear stalks can be dated back to 7500 BC. Through a number
of generations and in different geographic locations, genetic changes
led to the wild two-row barley evolving into the six-row barley, with six
rows of seeds. This resulted in a greater return per plant for humans and
these varieties were thus taken good care of by our forefathers.

Einkorn plays the lyre,
the clearest tone
of the orchestra.

Here the story could have ended if man had simply made do with
what he had and sown the same seeds year after year. But we must remember that our forefathers in principle were not any less intelligent
than ourselves. They also experienced a powerful climate change in
the Middle East for the worse, involving more drought, cold, and less
forests. They were, quite simply, forced to increase their food supply.
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Agriculture eventually replaced the
hunting and fishing culture in Northern
Europe. These are 6−7000 year-old
rock engravings found in the UNESCO
world heritage listed area of Hjemmeluft, in Alta, Norway.

The farmers discovered early on that not all of the plants were the same;
some had larger and more grain than others and tolerated the increasingly
drier climate better, while some sprouted more quickly, shed less and were
Einkorn was among the first grain types cultivated.
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Here we are already at the origin of the first plant breeding. It occurred wholly in accordance with Darwin’s principles. But in order
to manage to feed the ever growing population, man learned how to
help the plants by designing a type of genetic strategy, so the process
occurred more quickly. Choices were made all the time of the most
suitable usage varieties of plants, whether these arose as spontaneous
mutations or as a result of cross-breeding with closely related, wild
species. There were particularly many of these in the areas of origin of
the different grain types.
Darwin understood at an early stage the significance of man’s investment in the breeding of plants and animals. In 1868 he therefore presented the book The Variation of Animals and Plants under Domestication, in which he demonstrated how man contributed to a greater
diversity of the species and types than nature was able to manage on
its own. While natural selection gives priority to the species that is
best adapted to the environment biologically speaking, man will be
able to preserve a number of other characteristics that arise in plants,
such as the ability to provide a large number of offspring, good taste,
good consistency, a suitable ripening time and good harvesting characteristics. If these types have any other weaknesses, which perhaps
result in their failing to ascend in the natural hierarchy, man can help
the plants along. Humans can weed, water or fertilise and in other
ways ensure that plants can thrive. And they can with time adapt the
rest of the characteristics of the plants, such as by crossing them with
other types or species.
A number of plants quickly became so specialised on human terms
that they did not have any chance of surviving in the brutal reality of
nature. Exactly the same principles were simultaneously also found in
use with livestock and animal breeding, which took place parallel to
the breeding of plants in the cultures of ancient agriculture.
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Slash and burn farming was an important technique used in early agriculture.
Forests are still burned to clear space for cultivated fields, as seen here in the Amazon.
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Migrant grains
The Russian scientist Nikolai Vavilov is the father of all modern day
seed collections. He established the first seed bank in the world, in his
native country the Soviet Union, before the Second World War. During
the period between the two World Wars, Vavilov went on long, dangerous journeys virtually all over the world and gathered large amounts of
seed samples, from both domesticated and wild plants. He had an idea
that variation in the collected plants would eventually make it possible
for him to produce a map that illustrated the migratory paths of cultivated plants. He brought the seeds home with him and grew the plants
under identical conditions. On the basis of the variation and diversity in
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the plants, he found that some geographic areas stood out as having an
extra large scope of closely related species and forms. These must have
been the places where the very first cultivation occurred; they were the
centres of genetic diversity, often called simply centres of origin.
Based on Vavilov’s pioneering research and subsequent studies, we can
now establish without any doubt that the cultivation of grains and livestock spread slowly from the Middle East and Egypt toward the east, west
and north. Corresponding core areas for domesticated plants are also to
be found in today’s China (such as rice, soy, the peach, apricot) today’s
India (beans, cucumber, oranges), Africa (millet, sesame, rice, coffee, sorghum), the western Mediterranean region (cabbage, clover, flax), South
America (potatoes, tomatoes, strawberries, beans, tobacco) and Central
America (corn, beans, squash). The plants accompanied a migrant, growing population, the clearing of uncultivated land and trade, and at all times
mutations occurred that were preserved and that ensured improved crops
and better adaptation to new growing regions. Crossing with other species also occurred continually. Although such crossing usually does not
produce fertile offspring, it does occur from time to time. Such a viable,
new creation occurred for instance when emmer grain reached west at
the Caspian Sea. There it incorporated the genes of the local species jointed goatgrass and hereby acquired a quadrupling of the genome, which
in turn produced an improved adaptation to a damper and colder environment. A new, important species had been created, the forerunner of
wheat – spelt − the most widespread type of grain in the world today.
Such genetic changes and amalgamations have taken place many times
throughout the entire migration process, so when the grain reached the
Nordic region, a lot of the most important change processes and climatic adaptations had already occurred along the way. The average rate
for grain’s migration from the Black Sea to the north was 1 kilometre per
year and that means that this journey took approximately 2000 years.
The first grain that came to the Nordic region was emmer. 6000 yearold traces and remnants have been found, in other words, from the New
Stone Era. Emmer has 2 grains in each tiny ear, while einkorn has just
one grain per ear. Einkorn was also cultivated in the Nordic Region but
arrived there a bit later, during the Bronze Age. Barley was also an early
immigrant, arriving at approximately the same time as emmer.
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Emmer is a precursor of wheat.

Slash and burn farming is well suited for the cultivation of svedjerugen rye in coniferous forest regions.

The climate was quite warm and good during the first period of grain
cultivation’s Nordic history, so use of the relatively demanding forerunners to wheat – einkorn, emmer and spelt – was quite common.
This changed however, when spring began arriving later, the autumn
earlier and the summers became cooler during the Iron Age, from 500
BC. It was then predominantly barley that was grown, with time also

along with the equally robust oats. A bit later rye arrived on the scene.
Often oats and barley were sown together, as so-called mixed grain, a
combination that in some years resulted in a predominance of the one
species and in some years of the other, all according to variations in
the growing conditions. Such mixed grain was a custom that continued up to the 19th century.
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Diversity means
that if you take
a closer look,
everything that appears
at first glance
to be the same
is not.

More than 7000 plant species have been used by
man. Here is just a sample of some of the diversity: from the left, snow peas, a spice market in
Aix-en-Provence, France; grapes in Eguisheim,
the Alsace region of France; and chilli peppers,
Santa Fe, New Mexico, USA.
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Vegetables are an important commodity all over the world. From the left, a vegetable merchant in Sri Lanka, ornamental pumpkins, and a market in Havana, Cuba.
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Even tea lovers
must sometimes be willing
to turn over a new leaf.
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The tradition of tea cultivation stems back many thousands of years in Asia. Some of the best teas come from rippling fields on the plantations of Sri Lanka’s highlands.
Only the newest leaves are picked and must be harvested by hand.
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In awe of the seed
In those countries where there was a development in grain cultivation, such as Mesopotamia and Egypt, a powerful development of
civilisation occurred simultaneously. In other words, the cultivation
of grain was essentially the direct cause of this development. The land
was owned by the king and he often collected one half of the crops
in taxes from the farmers. In this way he accumulated wealth and the
grain was employed as a type of currency, since money did not yet
exist. In order to maintain control over incoming and outgoing payments of grain, both written language and accounting were needed,
so that these skills were also developed. Soldiers stood guard to keep
people away from the king’s grain supply, but also another creature
was used to stand guard – the cat. Mice and rats constituted an equally
large threat to the king’s wealth as did the country’s population.
Our forefathers did not have an equally rational explanation for the
wonders of the seed as we do today. A poor crop year could mean
starvation and death. Fertility was thus to a large extent left up to divine powers. In all cultures goddesses have been made responsible for
fertility, both in terms of human life and in the fields. In the Nordic
region, with clear changes of the seasons, it was always a matter of
placating the goddess with feasts of thanksgiving and sacrifices in the
autumn to ensure the arrival of another spring.
Poor crops could be mitigated by sacramental meals and food sacrifices, but also more violent sacrifices of animals and humans have been
made in many cultures. Yes, according to the myths, even a Viking
king was sacrificed to Odin and to his wife Frøya in particular, the
goddess of fertility, when the crops in his kingdom were poor.

In Greek mythology, the change of the seasons had a
highly unique explanation, connected to Demeter. Demeter was the goddess of grain and the harvest. Her beloved
daughter was named Kore. One day Kore was out picking
flowers when she found a fantastic, aromatic herb with a
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Sprouting wheat fields in May, Akershus, Norway.

hundred blossoms that filled her, the skies and the earth
with an intoxicating laughter and joy. When she reached
for the plant, a tiny earthquake ensued and Hades, the ruler of the underworld and the kingdom of death, emerged
from the ground with a crash. Hades rode a wagon drawn
by black horses and he grabbed Kore around the waist before she was able to escape. He disappeared back under
the earth’s surface as quickly as he had come. Demeter
despaired and searched high and low, with no time to
think about the fertility of the fields. The soil lay fallow
and everyone starved. Eventually it was disclosed that
Kore was with Hades, and Zeus called Demeter, Hades,
and Kore in for a meeting. Kore had been made queen of
the underworld and her name was now Persephone. Hades agreed to allow Persephone to return to her mother
whenever she wished. But at the same time he had her eat
a magic pomegranate, which caused her to yearn to return to her consort in the underworld. The outcome of the
negotiation was thus that every year Persephone made
the trip up to earth, full of euphoria and accompanied by
sprouting plants, while in the autumn she followed her
yearning for Hades and returned down into the darkness.
Then nature was saddened and the earth made infertile. ••

Also in younger world religions, one finds grain and bread, rice and
corn as wholly central symbols. In some cases, the soil itself is a divinity. Particularly in Asian religions, such as Hinduism, rice is a goddess who connects the past with the present and future, and controls
fertility and human enterprise. Among the Native Americans and in
Mexico, corn has correspondingly been an important cultural symbol. The legend of the mother of corn tells of how corn came to the
Indians. Within Christianity the field metaphors are many and clear.
The grain of wheat that dies only to come back to life is a symbol of
Jesus. The seed grains are the word of God and the weeds in the field
the work of the devil.
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Sowing vegetables using an old-fashioned technique, Latvia.

Sowing was a ceremonious and important act. The man or woman doing
the sowing had literally taken the future of life into his or her hands. If the
job was not done thoroughly enough, the prospects could be dark. In all
cultures, there was a great sense of awe for sowing seed and its inherent
divinity, and it was natural to take off one’s hat in the act of sowing. Knut
Hamsun describes the character Isak in his novel The Growth of the Soil as
he spreads grain across the field with his hands: “Isak walked bareheaded, in
Jesu name, a sower. Like a tree-stump with hands to look at, but in his heart
like a child. Every cast was made with care, in a spirit of kindly resignation.
Look! the tiny grains that are to take life and grow, shoot up into ears, and
give more corn again; so it is throughout all the earth where corn is sown.”
46

In the book The Mysterious Island, Jules Verne describes how a tiny
kernel of corn that has stowed away in a vest pocket saves the life of a
ship’s crew stranded on an island in the Pacific. One of the crew members wants to throw it away, but he with the sharpest mind among
them, Cyrus Harding, elaborates: ”If we plant this grain, at the first
crop we shall reap eight hundred grains which at the second will produce six hundred and forty thousand; at the third five hundred and
twelve millions; at the fourth, more than four hundred thousands of
millions! We can also expect two crops a year”. It’s easy to understand
that this tiny, unassuming grain was planted in the earth with all possible manner of accommodation and awe!

Planting rice after the rain, the Guangxi Zhuang province, China.
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Nature announces spring planting
It was important to sow at the right time. The calendar was not always
useful, so it was therefore a matter of following along with the activity
found in nature. The migratory birds in particular had the capacity to
provide signs about the weather and crops. The first to arrive was the
Northern Lapwing. The weather was still unstable upon the arrival of
this bird, but it signalled at the very least that the farmer could begin to
use the final supplies of winter feed. After the first White Wagtail was
spotted in the spring, there would never be more than three nights of
frost before the summer, so preparations for the spring planting could
commence. If the White Wagtail flew high up in the sky when a farmer
threw a clump of earth at it, the grass would grow tall and it would be a
good year, but if it was startled only slightly up into the air, things would
go badly. If the bird flicked its tail energetically and followed closely behind after the plough, this was a good omen for the grain harvest. The
White Wagtail was in league with higher powers, so it was important to
speak to it kindly every time the farmer passed by it. When one heard
the first Cuckoos crowing in the spring, it was finally time to put the
plough into the earth. If the Cuckoo crowed from the south, the crops
would be especially good. The Grey-headed Wagtail was also believed
to be a sign that it was time to start with spring planting. But this begs
the question of what was the chicken and what was the egg. It is probably instead the case that the Grey-headed Wagtail arrived to eat insects
after the farmer had already hitched up Dobbin and started ploughing.
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Leek farming, Akershus, Norway.

The Lapwing has always been a cherished sign
of spring for the farmers of Northern Europe.

Red cabbage is not just food; it is also suitable for decorative purposes.

49

CHAPTER 2

The development of agriculture
Nature, human beings, cultivated plants and livestock – over the
course of thousands of years, these entities formed a community. The
resulting whole was greater than the sum of its parts. People could
appease their hunger and settle permanently, while domestic plants
and animals evolved and received help to survive from human beings.
Many other wild species followed in the footsteps of the two-legged
creatures and acquired thus better living conditions when the forest
was burned down and cleared, the landscape opened up and the light
let in. The holdings were small and the farmers at the mercy of nature’s
whims, and according the latitude, regular rhythms were established
in farming. The species that found it beneficial to follow in man’s footsteps
increased in number and a relation of trust arose between all parties.
Time in agriculture was for many thousands of years virtually cyclic.
Spring, summer, autumn and winter – sowing, mowing, harvesting
and storing – the rhythm was the same, year after year. The changes in
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Sorghum is one of the most important grain types in Africa.

the methods of operation were minor and the landscape under cultivation became a rich tapestry of river beds, knolls, clumps of trees and
wooded groves between larger forest plots. The landscape was cultivated, yes, but not created by human beings.
This situation can perhaps be understood as a rose-coloured, romantic, ideal world. But in the past people did not have a better ecological understanding that we have today. Human nature has, generally
speaking, been the same throughout our entire history and we have
always aspired to control our surroundings. There are two main reasons why the imprint of human civilisation was formerly quite delimited: first of all, the number of people on earth was a mere fraction of
today’s burgeoning population, and also, our forefathers had neither
the tools nor the technology to encroach dramatically upon nature
and thereby reshape the landscape to any particular extent. Man was
essentially under nature’s thumb, whether we liked it or not.
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Bountiful hay-making and grazing meadows are a rarity today.

The interaction between human beings and nature was at its
most constructive with respect to the agreement regarding
Nordic hay-making/grazing landscapes. The agreement was
that the meadows were to be rainbow-coloured patchworks
of bluebells, cumin, daisies, campions and mountain arnica,
which in turn would provide living conditions for insects with
wings and legs of all categories and sizes. The Corn Crakes
would be able to hatch their young, secure in the knowledge
that the men would not arrive for haying until late July. The
grazing animals would keep the vegetation down around the
farms, people would harvest grass and leaves in the outfields
and predators would be able to wander about freely. The
plants would have time to finish blossoming and release their
seeds before they were mowed in late July. The hay was dried
and handled on site, so that the seeds received abundant opportunity to spread. After the haying the domestic animals
were released into the field for a short period to graze on the
subsequent growth. Then the earth was turned over and the
seeds received a good start and a little bit of fertiliser.
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To this day cows are milked, sheep sheared and hay dried by hand in many places in Europe. This farm is located outside of Riga, Latvia.
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Industrial agriculture triumphs
Changes in this equilibrium between human beings and nature began towards the end of the 18th century and throughout the 19th century. At that
time, the innovative, industrial mentality made its entrance also in agriculture. Now finally humans could subjugate nature through irrigation, dynamite and machinery. Nature’s hindrances could be overcome and more
food cultivated for an ever increasing population. The enormous American
prairie was cultivated in a totally different manner than previously, now using machines. In the Nordic Region, the new era arrived around 1850.
But fertiliser represented a bottleneck; it still had to be produced by natural
methods and the cultivated area had to be designed according to the
available fertiliser. Some farmers were indeed able to get their hands on
bird guano which had high nitrogen content, but the greater majority of
farmers could not count on procuring this. This changed when industry
provided agriculture with some assistance. A good portion of this revolution had in fact its origins in little Norway, then a brand new nation,
far in the north, which was still wet behind the ears. Kristian Birkeland’s
electric arc-based technology made it possible to fix nitrogen from the
air and maintain it as calcium nitrate. The company Norsk Hydro was
formed and the artificial fertiliser came onto the market at an affordable
price. Now the soil could yield more than previously, the cows ate nutritious food from fertilised, cultivated fields and the grain fields could be
expanded as much as possible. The natural fertility limitations no longer existed and the old mosaic landscape, created by humans throughout
thousands of years, was continually transformed.
Small-scale farms were swallowed up by large, and machines took over.
Marshes were drained, streams and rivers closed off and forest plots between fields were removed. Particularly in the central parts of Europe and
in North America this development was rapid and strong, and the character
of the landscape was radically changed. We gain a view of this through the
oblong window frame provided by Boeing or Airbus, as we sit back, flying
between the puffy white clouds on our way to our holiday destination: the
land beneath us is one huge wall-to-wall carpet of colourful rectangles and
squares. This is the fully cultivated landscape. It is in every sense created by
human beings and machinery, and all of life is controlled from A to Z.
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Swedish ”Dala”, a landrace of spring wheat, reaching for the heavens.

Endless cornfields provide the backdrop for almost every American road movie.

A result of the agricultural development is a reduction in
diversity, both in the wilds of nature and in the cultivated
landscape. Almost one half of the threatened, red-listed
plants in the Nordic region, for example, have ended up
there because of radical upheavals in agriculture − some
due to agriculture operations that are too intensive, others because of the opposite: the overgrowth and going to
seed of previously cleared areas where operations are
no longer profitable. The same trend can be observed in
every part of the world.

In some regions, such as in parts of Norway, geography itself has
slowed down this trend. And in a number of countries located in the
east of Europe and in Africa, the changes in agriculture for economic
reasons have been less striking than in the Western, industrialised part
of the world. But no regions escape the pressure any longer; there is
an escalating international battle over the resources. In many countries we see now that private companies and other states hire or buy
up local lands on a large scale to start industrialised agriculture. The
new hunt for land has even created a new concept, called land-grabbing. This has in particular accelerated after the short-term peak in international food prices that occurred in 2007-2008.
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In the Netherlands all land is shaped by human beings.
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Instead of being dried on hayracks, today the hay is gathered into bales. Buskerud, Norway.
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Plant breeding takes off
Simultaneous to the entrance of chemical fertiliser, Mendel’s hereditary
laws were finally rediscovered and the first shoots of scientifically based
plant breeding saw the light of day. Previously the individual farmer or
the farmers in a village would on own initiative select the most suitable
plants throughout the course of generations and thereby create their
own, wholly unique varieties. They selected types with good tolerance
for the climatic temperament of the village, the local weed flora, the illnesses, and the nutrients the soil received, while they simultaneously
yielded a predictable crop. Agriculture was a handicraft, so one needed
not think so much about the grain’s features for mechanical harvest and
rational operations. The returns were pretty low by today’s standards.
But that was the price one paid to ensure that there was often a useable
crop, regardless of how the weather chose to behave.
An interesting aspect of this is that the fight against weeds did not have a
position of prominence in traditional arable farming that was equivalent
to that of today. The history of the weeds of arable land is just as long as
that of grain cultivation and they accompanied man’s migrations and the
expansion of grain cultivation. They were a natural accompaniment to the
main melody of arable lands and they stayed politely in the background
– without reaching a disturbing noise level. The farmer learned how to
keep the amount of weeds under control using mechanical methods and
controls. There were two main reasons why this worked well, first of all
because fertilisation was moderate, as a rule green fertilising with plant
residues and some domestic animal fertiliser and perhaps most important: the old grain types often grew quickly and tall, frequently up to two
metres in height. The weeds could not match such a strong and rapid
growth, so the grain essentially beat them at their own game; the weeds
were “bypassed” and left to an uncertain existence down in the semidarkness. The weeds over time acquired such poor living conditions that
they essentially remained in the background.
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research. Coincidence and experience would no longer be running the
show. A growing population needed a predictable food supply and with
the new knowledge, professionals could continue the local farmer’s work
but on a larger and more systematic scale. Scientists and their assistants
travelled therefore around the villages and collected local grain samples.
These were then cultivated on small plots under standardised conditions,
so it became easier to assess which varieties demonstrated the best selection of characteristics. These selected types were reproduced on a slightly
larger scale, and once again they could pick out the best genetic variations.
Even after just one systematic organisation of characteristics, it was possible to achieve a clear increase in production. These first modern grain
types, developed and bred by scientists, were offered to the farmers. This
provided for a more uniform and predictable quality of crops.
But annual transport of seed grain to even the most isolated hamlets could
have a price one had not envisioned, specifically, the spread of weeds. From
the Western part of Norway there is information about how parallel to the
introduction of purchased seed grain in the 1950s, there was also a powerful
increase in the incidence of weeds. Along with the grain followed the seeds
of the new weeds. These quickly adapted to the protected environment that
had been created through long-term cultivation of site-specific plant types.

Around the turn of the 20th century this reality changed. As the new genetic science was emerging, the public authorities in the most developed
nations understood that there was much to be gained from establishing
regional, national and with time international centres for agricultural
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Wheat field, Akershus, Norway.

Cultivation of grain types, Vollebekk Experimental Farm, Ås, Norway.
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Fertiliser, a double-edged sword
Full of scientific optimism in the virginal first-half of the 20th century,
against a backdrop of war and food shortage, scientists were interested
in the opportunities found in combining grain types with more fertiliser.
Artificial fertiliser could enrich the soil with much more nourishment
than previously, so that grain grew more quickly and produced even more
crops. The focus was thus subsequently directed towards breeding grain
types that were optimal for producing the greatest possible yield under
a systematic fertilising scheme. But then a new challenge arose: the fertilisation had the effect of making the already tall-growing grain types
even taller. While the ears yielded more, they also grew taller and heavier.
This combination resulted in grain fields that would be flattened by even
a small amount of rain or bad weather. This was a nightmare for the farmers when it came time to harvest the grain, while the quality was also diminished. The next step in modern plant breeding was therefore to cross
these plants with grains that did not grow as tall, and had more resilient
stems. The shorter stems were better able to tolerate the weight of the
large, heavy ears. Also, low growing fields with a “crew cut” were better
suited to the increasingly more mechanised agriculture. Reaper-binders
and, with time, different types of combine harvesters could harvest tons
of grain with a minimum investment of time and labour.
So the plant breeders had perhaps reached their goal? No, not yet: more
fertiliser did not just mean more grain crops, but also increased weed
growth. Besides, due to the reduced height of the grain plants, they no
longer outgrew the weeds − no, instead the opposite was the result. Full of
vigour from the fertiliser, the weeds shot up past the grain plants, which
now, so to speak, grew with “the brakes on”. This meant that the weeds
which for centuries had subsisted as relatively melodious and understated
background music, now took over with their own jarring dissonances.
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peace. It is then a matter of finding physiological points of attack where the
grain and weeds contain differences. An important objective within plant
breeding has therefore in recent decades been to develop new types of
grains that have the greatest possible resistance to pesticides.
Another important focus in plant breeding has been to overcome a
number of the plant diseases that have always been a part of grain
cultivation. In particular the fight against the fungal disease rust was
given priority. This has always existed and has from time to time arisen as a local affliction. In the years before, during and after the First
World War, on the other hand, agriculture experienced something of
the downside of the breeding story. A very small number of the new
and refined grain types had replaced the many local varieties that had
been farmed earlier. The scientists held that the new types to a large
extent were resistant to the fungal spores, but they had not anticipated
the fungi’s incredible capacity to adapt genetically. The result of this
was that the rust fungus with relative quickness was able to attack with
a new set of genetic weapons, which outwitted the resistant genes the
scientists had banked on. The grains were thus in a wholly different
fashion open to fungal attack and there was a virtual crisis in grain
cultivation in both Europe and the USA. It was not until after the
war that there was success in developing grain types that were robust
enough to resist the rust fungi attacks. Along with the extermination
of barberry plants, which are an alternate host plant species for rust
fungi, the victory was finally won. That was at least the belief for a long
time. But in the new millennium new varieties of the rust fungi have
again begun to appear in other parts of the world.

The potato, an important lifesaver
The potato is a relatively new immigrant in the company of Western
cultivated plants. It was discovered by Europeans among the South
American Indians as late as in the end of the 16th century. It had at that
time already been under cultivation for a long time and could be put
to use right away. Throughout the course of the 18th century, it was
introduced in Europe; it was cultivated for the first time in Norway in
the 1750s. We should extend warm thanks to this tuber plant in the
nightshade family. It has saved many lives over the years, particularly in
poor countries where the climate and nature have not always provided
the best conditions for the cultivation of grain. Norway and Ireland are

In the old days, the farmers could spend a little time on separating the wheat
from the chaff, along with rye brome, darnel and cornflower, but without
this being cause for despair. But more weeds and increased efficiency requirements had the effect of making it now necessary to find other ways
of removing the weeds. The result was the development of pesticides that
could kill the weeds but to the greatest possible extent leave the grain in
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The Aran Islands off the west coast are the prototype of old Ireland. Here the potato is still an important part of the diet.

Barley field, Akershus, Norway.

two good examples in this regard. These countries could not produce
enough grain for own use, and were dependent upon an unstable, imported supply at relatively high prices. The potato is quite hardy and
not particular about soil and climate, so when the population grew,
and the famines due to poor grain crops and expensive imported grain
crept into the villages, the potatoes became a nutritional lifebuoy. The
many “potato pastors” have much of the honour for this. From the pulpit they preached as much about the cultivation of the fashionable and
unknown potato’s excellence as they concerned themselves with the
remission of sin. This in spite of the fact that the potato was by some associated with the devil, since it hid away underground in the darkness.
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What is unique about the potato is that we don’t bother to sow it; instead
we use bulbs from the previous year as “seed potatoes”. That means that we
take a “shortcut” and reproduce the plants differently from the somewhat
complex rigmarole of bees and flowers and male and female. New plants
grow from the bulbs that are faithful copies of the parents. That is all well
and good if we have plants that are well adapted to their habitat, but if they
do not really thrive with the weather and wind, frost and diseases, it is difficult to achieve sufficient genetic variation to carry out targeted breeding.
Then it is more expedient to use the seeds. Potato seeds? Not exactly something we are all that familiar with. It may perhaps take a bit longer before the
potatoes are produced and perhaps the crop won’t be as abundant, but potatoes there will be. And in particular, the genetic variation becomes much
greater. This was exactly what was done when it turned out to be difficult
for potatoes to thrive in Northern Norway. The potatoes were accustomed
to short days much closer to the equator and were confused by the constant
light from the sky way up beneath the edge of the North Pole. A contribution from human beings was needed to make this happen and the sowing
of potato seeds was the solution. With time, plants were produced that grew
well also in the land of the midnight sun – and the northerners were saved
from the worst famines.
In Ireland, the poor, green and windblown island on the Atlantic Ocean,
the potato also constituted the basis of the diet for the poor. What they produced in the way of milk and meat went predominantly towards paying the
rent on the land of the English landowners, while they personally had to
survive on potatoes. The crisis for that reason expanded dramatically when
in 1845 dry rot disease arose on the potatoes that destroyed virtually all of
the crops. The reason why this disease could strike with such drastic force
was the limited variation in the potato stock. There was only one type of
potato in all of Ireland! The famine lasted until 1849. One million Irishmen
perished, while another million emigrated to the USA and other countries.
The country suffered a blow from which it has only very recently recovered.
Important efforts were involved in the search to find potatoes resistant
to the disease. It turned out that they were obliged to go all the way back
to the potato’s origin in Chile and Peru to find the right strain. We have
225 types of wild potatoes, as well as a countless number of domesticated forms of these with different characteristics, bred by the Indians.
Among these types there were luckily some that were resistant to the
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potato plague. This is a perfect example of the importance of preserving
the broad genetic variation both within cultivated species and the closely
related wild relations that are found in the species’ region of origin.
The potato’s dissemination is expanding all the time and today the potato is in fact the third most important food plant in the world, after rice
and wheat. This has been made possible due to the implementation of
new types and cultivation methods which enable good disease control.

When Eric the Red named Greenland, he was hoping to
attract as many Norwegian settlers as possible to the new
country. The only green strip of land where human settlement was possible was on the south-western coastline. The
society of Greenland was established in 986. At most, 20005000 Vikings lived there. They brought with them horses,
cattle and sheep, and cleared the birch forest to build farms
and create larger fields for grazing. They also hunted and
traded walrus tusks. The population peaked around the
year 1300 and subsequently went into decline. The climate
became colder at this time and made the already marginal
farming of livestock even more difficult. The deforestation
made the situation worse. The walrus population was also
decimated. The Vikings met from time to time the Skræling
immigrants − the Thule Inuit − but kept their distance from
them and learned nothing about their way of living in harmony with nature. As such, neither did they learn how to
adapt to climatic changes. The Vikings disappeared virtually without a trace early in the 15th century, and the cause
of the mysterious demise of this civilization is still a source
of fascination for scholars in the field of civilisation studies.
Some of them, such as Jared Diamond, use the Vikings’ settlement of Greenland as an example of a civilisation that
did not survive due to an inability to adapt to changes in
their surroundings. His question is a source of discomfort:
Will our society be the next on the list of lost cultures?
Garðar, now Igaliko, on the southwest coast was the diocese of the Vikings of Greenland. The civilisation disappeared without a trace in the 15th century when climate
changes made livestock farming impossible.
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The green revolution
The green revolution, led by Norwegian-American Norman Borlaug,
was a concept that arose starting in the early 1960s. The initiative
began in the USA when in the 1940s the country wanted to help its
neighbouring country of Mexico to combat the rust fungi problems
in wheat fields and increase the production of both wheat and corn.
They discovered that it was a better strategy to contribute to self-sufficiency than simply to offer food commodity assistance.
Borlaug started a comprehensive work project. He defined four parameters on which work was to be done: 1) The growing conditions
for the plants had to be optimal; in other words, sufficient fertiliser
and water. To ensure that the grain crops did not grow too tall from
fertilisation and thereby fall over, he crossed in dwarfing genes from
Japan and Korea. 2) Resistance to rust fungi and other diseases was
crossed into the grain types. 3) Day-neutral plant types were favoured; he selected varieties for which growth was not determined by
light, only the temperature. They could then grow at all latitudes. 4)
Borlaug built up a team of professionals from all corners of the earth.
He thereby acquired a series of contacts and opportunities to procure
new breeding materials and simultaneously test out his plant types in
many different places in the world.
It was a huge undertaking, which was carried out step by step. In 1968
many of the new types were tested on a large scale, including in India,
and the result was an enormous crop increase. Borlaug continued to
coast on this wave of success, which culminated in his being awarded
the Nobel Peace Prize in 1970.
Starting in the end of the 1960s and up to the year 2000, the world’s
grain production increased more than three times over to two billion
tons and all of this came from increased utilisation of the same land
area. It is a fantastic story. The food prices decreased steadily for many
decades and the portion of the population who were not farmers
could afford to eat their fill.
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Experimental greenhouse, Vollebekk Experimental Farm, Ås, Norway.
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The traditional cattle of the Maasai have for generations adapted to life on the barren African savanna.
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In modern Western agriculture a few high-yielding international breeds have largely displaced older, native breeds of livestock, adapted to less-intensive farming practices.
It is important for genetic diversity to ensure the survival of these animals. Pictured here are Blackside Tronder and Nordland Cattle (STN), a dairy cow which was once
common in mountainous parts of Norway.
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The down side of the story
So everything was just fine and everyone was happy? Well, statistics,
as we well know, can be said to be everything from the sacred truth to
a downright lie. Although the results were excellent after a relatively
few number of years, with time it became more and more clear that
there was, as is usually the case, another side to this story.
The largest problem that developed was that the entire revolution was
virtually based on a universal type of grain species, a kind of “generalist”, which did indeed produce abundant crops, but which also required
standardised growing conditions in order to produce maximum yield,
first and foremost a lot of fertiliser, watering and pesticides. Eventually
the type variety was somewhat expanded, but it could nonetheless not
be compared to the former diversity. The types were best adapted to
the most fertile regions, where there was good growth and agriculture
could for the most part be done mechanically. The more marginal areas,
which could not be irrigated and adapted in the same way, often produced smaller harvests than previously. In addition to this, the decreasing prices were a great benefit for the consumers, but for the farmers
this was negative − not least because in order to be a part of the development they were now obliged to purchase seed grain, fertiliser and pesticides on a completely different scale than previously. Combined with
the costs of mechanisation, this led to higher investment costs, while
the prices of the products went down.
Although the new grain types had many good characteristics, in practice they were more vulnerable to disease and climatic variations,
since they were so widespread. Previously an outbreak of disease or a
period of drought would affect only a small local area and a type with
limited dispersal; now it would virtually imply a widespread catastrophe. Some good examples here are the problems that were experienced in connection with the potato crisis in Ireland and the outbreak
of rust fungi in the USA in the period between the two World Wars.
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The development towards reduced diversity also had an
impact on livestock. In the same way that plant breeding
had a focus on a few, high yield types, also highly productive “standard animals” were bred. The most well-known
is perhaps the Dutch-American Holstein cow with its
black and white markings, which is today the most prevalent breed of livestock in the world. One version gives
high yield within milk production; another has been bred
to produce the greatest possible amount of meat. But simultaneously, this cow imposes great demands on the
environment and is relatively vulnerable to disease.

The crop volume did not continue to increase as quickly as it had done in
the initial period. Eventually it became clear that it was not just a matter
of breeding refined grain types, pouring on more water, fertiliser and pesticide, and then expecting consistently greater production. With time, the
production increased only marginally, even though the investment was
increasingly greater. Environmental problems arose, due to over-fertilisation of water and watercourses, along with groundwater pollution. We
also acquired an understanding of how the earth’s resources are limited.
Water is already a scarce commodity in many places and groundwater depletion is a common threat. Often the rivers run across national borders
and intense disputes thus easily arise between nations as a result. A current example is the conflict between Israel and Jordan regarding the water
supply from the Jordan River to the ever shrinking Dead Sea.
Phosphorous is another resource that is an important ingredient in fertiliser.
While nitrogen can be extracted in unlimited quantities from the air, phosphorous is taken from mines on land. And the quantities are clearly limited.
The earth’s health has not always been taken into consideration to
an equal extent. Intensive mechanisation, fertilisation and watering
often causes damage to the earth’s all important ecology. Soil compaction and over-exploitation of the uppermost layers of the soil will
easily cause a decrease in the crops produced.
Weeds or not, a field of poppies is nonetheless a beautiful sight, Öland, Sweden.
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a field, adapted to local conditions. In this way both the waste of resources and pollution will be limited.
Another field in which development has moved in the direction of a
more biological approach is in combating weeds, disease and insects.
The amount of pesticides can be reduced through precise measurements and adaptation. Biological methods have also been developed
whereby the intercropping of crops with difference disease resistance
can prevent the spread of disease, while predatory insects can take
care of the harmful insects in the field.

Harvest, Telemark, Norway.

Diversity and changed attitudes
Is bigger always better? Are rippling inland seas of identical plants the
ideal solution? As we acquire a bit of distance from the green revolution, the euphoria has passed over into a period of analysis. It has
become increasingly evident that the risk of this type of large-scale
operation is much greater than the first pioneers believed. The plant
cultivators have now understood that it is important to play upon a
much broader spectrum of plant types than the small handful that the
green revolution began with. The large and dominant seed grain com70

panies are now meeting with opposition from small, local challengers
who invest in own varieties, adapted to smaller geographic areas. This
has in turn forced the agricultural “giants” to think innovatively as well,
and use part of their resources on creating greater diversity.
A refinement of the agricultural methods has gradually taken place,
so these can be carried out in a manner more on nature’s terms than
previously. For example, systems have been developed that make it
possible to use exactly the amount of fertiliser and water needed on

Breeding was formerly an important governmental task in most countries. In the course of recent decades, increasingly more of the publicly funded breeding on a global basis has been taken over by private
stakeholders, who were then bought up by a few, large multinational
companies. This means that the focus on preservation of diversity is
not as easy to uphold as previously, since the development of types
with a small market is given low priority. This is most unfortunate
for the nations with the least amount of resources. To counteract this
trend, over the past four decades a network of 15 research institutions and gene banks has been established that works in particular
with safeguarding the agricultural interests of developing countries.
This group is called CGIAR (Consultative Group on International
Agricultural Research) and is financed by independent donors and
a number of national governments. CGIAR supports breeding and
agriculture projects in developing countries, while they also have a
focus on collecting and preserving important materials in gene banks.
Norway, and to a certain extent also the other Nordic countries, have
not been a particularly attractive area of investment for the large seed
companies. This is to a large extent due to the fact that the market
is too small and the climate too special to make the region interesting from an economic standpoint. But it is also due to the Nordic
model of society, where the state has taken greater control over common values than is the case in many other countries. This has led to
a subtle turn towards private, commercial stakeholders. Most of the
plant breeding and sales still take place under the direction of public
or publicly funded institutions. This system has functioned well and

Norway is today more self-sufficient when it comes to grain than it
has ever been in the modern age. Norwegian gene resource centres
coordinate the work of collecting and maintaining the gene reserves
of the old types and the farmers can take out seeds of many such types
from the gene bank NordGen. Nonetheless, the economic situation
has something of an impact here as well. For example, all commercial
breeding of vegetables has been phased out in the Nordic region, so
that such seeds must be purchased on the European market.

Conflicting interests
Although the development has been positive in a number of fields,
a good deal of the work towards safeguarding genetic plant diversity
has met with barriers. Strict regulations for seed sales, particularly in
the EU and USA, have in recent years for example made it more difficult for farmers who wish to operate an independent exchange and
cultivation of plant types. The sales regulations are designed with an
eye towards securing good seed grain quality, but they often also serve
the interests of large stakeholders.
The seed companies often wish to be able to secure patents on both
genes and pre-bred plants into order to protect own investments,
while the independent breeding and conservation community wants
to the greatest possible extent free access to genetic resources. In
the complicated field of gene modification, exclusive patents are frequently wholly decisive to securing commercial investment. In principle, gene modification is not so different from that which has already
taken place within conventional breeding, in the sense of moving and
modifying genes. The difference in the modern genetic technology is
first and foremost that one is no longer limited to moving genes between individuals of the same or closely-related species. A common
perception is that it is now possible to take a gene from a flounder and
put it into corn, or take an insect gene and put it into bacteria, so we
thereby acquire a variety with characteristics from the new genes. The
reality is far more complicated. It is, for example, not that easy to fit
the right genes into the right place and it is neither a given that they
will function as anticipated.
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Many processes in plants are dependent upon an interaction between
a number of genes, which must be turned on and off in the right manner.
Many experimental trials must be done – and for plants, also extensive conventional breeding must be carried out as well.

An example of positive use of genetic modification is the
golden rice, which has recently been produced by the Swiss
scientist Ingo Potrykus. Since a large percentage of the Asian
population has an unvaried diet based on rice, they often
consume too little A-vitamins (retinol), the consequence
of this being vision problems and even blindness. Potrykus
therefore set his sights on creating a type of rice with a much
higher pro-vitamin A content, the forerunner to the A vitamin. This was not only difficult technically speaking; he also
ran into a number of legal complications, since many of the
genes and methods he was obliged to use were patented. But
with the help of a good lawyer, the scientist was able to gain
permission to carry out his experiments, but only after having ensured that the new type of rice would benefit the poor
and that he personally would not make a fortune. He incorporated genes from among other things corn, peas, and a virus
in the rice genome and could with great pleasure establish
that the colour of the rice became golden-yellow as a result
of the increased content of carotene, the forerunner to vitamin
A. The content levels are so high that a person can satisfy their
daily requirement with a ration of solely 100 grams of rice. This
type of rice has not yet been implemented on a large scale, so it
will be exciting to see whether it lives up to its promise.

Beyond this, side effects can arise that are difficult to predict, such as
defective functions in plants, potential health-related consequences
for consumers, the spreading of alien genes in nature, and genetic
contamination of areas with non-modified plants. We will not go
into further depth on this subject, beyond stating that the technology
has come to stay. It can be used in both positive and negative ways
for both humans and the environment. But vigilance and reserve are
natural, since our knowledge about the long-term impact is highly deficient. In most of Europe there is a large degree of scepticism about
genetically modified plants, while in the USA, Brazil, Argentina and
China there is widespread use.
A positive exploitation of genetic modification can be envisioned in the
sense of the employment of genes that give plants better resistance to
disease so that the need for chemical pesticides is reduced. Another interesting area of use is to ensure that the plants’ content of vitamins and
other important nutrients is increased, as a benefit for the poor. Beyond
this, genetically modified plants are already used on a large scale to produce medicines and other important biological substances.
Today genetically modified plants have dominant market shares when
it comes to soy, corn, and cotton. These plants are supplied with a
gene that makes them resistant to glyphosphate, the world’s most
commonly utilised herbicide. This is an extremely effective substance
that kills virtually all herbs and hardwoods. But it does not, as such,
kill the plants that have been given a resistant gene. This means that
the company behind the genetic modification, in addition to having
a monopoly on seed sales, can also sell its pesticide on a large scale.
But some types of weeds also pick up this resistant gene or develop a
resistance to the pesticide in another manner and that means that the
dose of pesticide must be increased and the spraying season extended. This type of relay race is not an expedient development – neither
for human beings nor for the environment.
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Corn comes originally from Central America but is today cultivated almost
everywhere in the world. From Norway and Zimbabwe.

Another field that is a candidate for creating a heated debate is the use of organic forms of agriculture versus ordinary industrialised agriculture. Also in
this field the opinions within the professional communities are divided, depending upon the background of the scientists. The organic advocates hold
that only agriculture that takes into consideration the long-term ecology of the
earth and environment in a large perspective is sustainable, while the other
camp maintains that the organic methods are not particularly better than the
conventional methods and will neither yield crops of sufficient volume.
Over 75 percent of the 1.2 billion poorest in the world live in rural areas
and are dependent upon the cultivation of own food. The agriculture industry represents a threat for many of these people, in that it makes forays
into and puts pressure on all land where a potential is seen for large-scale
operations. Often national authorities are also influenced by the seed
companies’ and industrialised agriculture’s money-based arguments. This
can have enormous consequences, both for local populations and the environment. In India, for example, there is a lot of resistance to ongoing
attempts at land-grabbing, due to the serious consequences this will have
for the settlement patterns in villages. Here the women have always supported the family through small-scale agriculture and manual weed-killing, while the new technology will of necessity lead to large farms where a
lot of fertiliser and pesticides are used and where there is virtually no need
for manual labour. The poorest will to a large extent lose land and their
basis for subsistence, the traditional species and plant types will be put
under pressure, and in addition to this come the negative ramifications for
the natural environment and health.
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Once upon a time there was a forest. Norilsk in Siberia, Russia is one of the most polluted
places in the world.

Food and health
Ever since Rachel Carson published her iconic book Silent Spring fifty years
ago, the debate about the use of chemical pesticides has been ongoing between scientists, politicians, industry, and nature conservationists. Carson
addressed the use of DDT in agriculture and to combat insects such as malarial mosquitoes. This was a new and foreign substance for nature which
turned out to be non-biodegradable. Instead, it accumulated in adipose tissues throughout the food chain and led to a series of health impacts in animals and humans, such as reduced reproduction, deformities, and cancer.
This focus resulted in a dramatic reduction in the use of DDT worldwide and a number of the negative biological effects have been reversed
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The drought of 2012 razed large portions of the American corn crop.

(the reproduction of predatory birds, for example, is on the increase
again). Parallel to this, thousands of other chemical toxins have seen the
light of day and many of these are used in agriculture to combat weeds,
pest insects and plant diseases. Food products are also often processed
to give them improved storage properties. Not only do we take in chemical substances from food. A number of pesticides from agriculture can
also get into our drinking water.
Although limit values are presented for how much we as humans can
consume without risk, there is little doubt about the fact that both
humans and animals today are balancing on the edge with respect to
environmental impact. Although it is perhaps true that we tolerate a

little bit of one substance and a little bit of another without any visible damage, it is difficult to evaluate the overall impact of the thousands of alien substances that all of life is exposed to today. A particular challenge is the new compounds which the body has no genetic
predisposition to handle and rid itself of. Little heed is still paid today in medicine to environmental toxicology, although toxins can be
involved in weakening our all important immune system. This can,
in turn, contribute to the development of a large number of chronic
and degenerative illnesses. Many substances also have a so-called hormone mimicking effect, which among other things affects the onset
of puberty and reproduction in both animals and humans. If we think
about public health, the development of agricultural methods and
plant types that ensure the least possible use of chemical pesticides
should therefore be an express objective.

Today we have solid control over the incidence of ergot but many fungal toxins remain prevalent in grains, nuts and other food plants and
they represent an increasing health challenge. Fusarium is an example
of a genus of fungi that produces hazardous toxins. Aflatoxins are another known toxin in plants. The changeover of operational methods,
more humid climate and poor storage of crops are factors which today
increase the risk of fungal toxins in food. There is therefore an important focus in breeding on the development of types that are resistant
to fungal attack, while good cultivation and storage methods are developed along with increased investment in control strategies. As is
the case for pesticides, it is difficult to set limit values for how much
of these toxins we tolerate, since we are exposed to an arsenal of them.
And the challenge becomes even greater when we view the impact of
this in connection with the impact from pesticides.

The existence of toxic substances in food is not a new phenomenon.
Throughout the entire history of agriculture, humans have struggled
with fungal toxins in grain. The most well-known is ergot poisoning.

A drawback with a number of the figures presented for food production is that they often simply focus on the amount of crops, not the
quality of the crops. Is the new grain like the old? Or more specifically: do the new types have the same nutritional content as the old
and can we draw benefits from them? These are questions that are
seldom addressed in public debates. Many of our food commodity
tables are based on studies done many years ago, so they can offer
a somewhat incorrect picture. Often it is the case that grain or vegetables that are bred to produce the largest possible volume of crops
are fertilised and watered, and grow quickly, but contain less minerals, vitamins and trace elements per unit of weight than older types
that grow more slowly. So when the grain crop increases, it is first and
foremost the amount of starch that increases, with a relative reduction of other nutrients. An example here is the old local varieties of
Nordic grain which through organic cultivation can contain up to 20
times more selenium than modern, conventionally grown grain from
the same, selenium-poor soil. Also the amount of C vitamins and antioxidants is often greater. The taste is frequently better as well. We find
an indication of this in the preferences of the increasing number of
chefs and cooking celebrities who preach the good taste gospel. They
often prefer to use raw materials that have had plenty of time to absorb nutrients and develop rich flavours. The choice then often falls
on organic, small-scale producers.

Ergot is a fungus that emerges as a long, dark outgrowth
on the ear of grain. It was often viewed as positive, in that it
increased the yield of the grain crop. But the substances in
ergot can cause powerful, burning pains, hallucinations (it is
the chemical basis for LSD!) and death. People who survived
the acute illness eventually developed gangrene in the legs
and arms. During damp, cold years when there was extensive ergot growth on grain people fell sick and died in droves.
The illness was called ergotism or St. Anthony’s fire and was
viewed as punishment from God. Although the more learned
already knew about the causes more than 1000 years ago,
they did not inform the general population. The illness helped
the church acquire obedient subjects! Scientists also believe
that many of the dramatic witch trials of former eras can
have been the result of the victims having consumed ergot
infected grain, which thus caused LSD-like intoxication!
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The fate of the Aral Sea in the Central Asian part of the
former Soviet Union, today Kazakhstan and Uzbekistan,
is a dramatic example of what the consequences can be
if consideration for the environment is not a factor. This
was once the world’s fourth largest lake, a true inland sea.
From the end of the 1950s ambitious, large-scale grain
and cotton plantations were constructed by the sea, with
water supply from the inflowing rivers. The result was
that the watercourses ran completely dry. The Aral Sea,
which was once the population’s pantry, was seriously
depleted and the fishing vessels remained on shore. Today the amount of water in the sea is reduced by 90%,
and the salt content, combined with a lot of pollution and
run-off from agriculture, has virtually made all fishing
and other use of the water impossible. And as if that were
not enough – salt and poisonous sand from the dried up
sea blow around on the steppes, destroying agricultural
areas and groundwater. The climate picture in the region
has also changed. The population has to a large degree
lost its basis of subsistence, while they also become ill
from the toxic substances. When future developmental
plans for agriculture are formed, it is important that lessons are learned from this type of ecological catastrophe.
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Water is one of the earth’s most precious resources,
but it can also be the cause of great damage. While
in some places women spend a large portion of their
day procuring a precious jug of water, in other
locations cloudbursts drown humans and crops.
From Rajasthan, India and Sri Lanka.

The roots keep the plants in place
during a storm, but also prevent them
from running away.

77

The development of agriculture

78

Human beings tame and employ nature in different ways. The grain silos are staggered at short distances across the prairies of North America, as seen here in Saskatchewan,
Canada, while the pumpkin has a unique vocation on Halloween, in Minneapolis, USA.
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The fully cultivated landscape on the Texel Island of the Netherlands is quite different from the more natural farmland in Vang in Valdres, Norway.

79

The development of agriculture

Bread baking is not child’s play
Baking bread was once upon a time an important activity which everyone was required to master. Today we simply buy bread in a bag from the
supermarket without giving much thought to its origins. Although bread
types are advertised with many wonderful names, and it is often claimed
that the bread is “home-made” or made “according to an old recipe”, there’s
no getting away from the fact that the bread baking of today is done using
industrialised production. The breads have not been anywhere near human
hands throughout the entire journey from the field to the store, and most of
those who operate the baking machinery know only how to push the right
buttons. Even small-scale bakeries usually have ready-made bread dough or
dough ingredients delivered from larger companies. The baking lines are automated and standardised and require the exact same characteristics in the
flour from one day to the next and from one year to the next. There must be
the same amount of starch, protein, gluten and other ingredients in order to
ensure that the time used is at a minimum and that the quality of the bread
can be reproduced. And in order to ensure that the flour is identical, the
same grain types must be cultivated in large areas, under the same growing
conditions. If the crops are bad one year and the content of substances in
the grain is slightly modified, the rejection threshold is low and the grain
will be used for animal feed rather than for human consumption. This is not
because it is impossible to bake bread from it, but it would require another
type of baking system – such as a slight alteration in the rising parameters,
and it will then not fit into the industrialised system. An experienced artisan baker, on the other hand, need only taste the grain and thereby, based
on the consistency, sweetness and other qualities, determine how to create
extremely tasty and nutritious bread from this. Grain that has been slightly
damp, for example, can have greater enzyme activity – which has led to the
breakdown of proteins and starch. This can produce a tastier kind of bread
that is easier to digest. In Germany, for example, there are still bakers today
with up to seven years of education who have learned this age-old art.
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Often the bowel symptoms are not serious enough for the patient to be
given the classic celiac disease diagnosis, but nonetheless the intolerance
can lead to many health problems, also of a psychological nature. The most
important reason why the number of patients is increasing is the “invisible”
change that has occurred in the grain’s composition throughout recent decades. The amount of gluten and other related substances has increased and
the composition is clearly different in the new grain compared to the old
grain types. The grain has first and foremost been adapted to the requirements of the bakery industry. Breads are made with a finer consistency and
are cohesive but the health-related consequences for the people who are to
eat the bread have often not been given much consideration.
It is interesting to note that the less the grain has been bred, the milder
the reaction of those people with an intolerance. Most people therefore tolerate einkorn, but also emmer and spelt do well in this context.
That is one important reason why these old grain types are experiencing a renaissance today.

Gluten is a substance which from a baker’s point of view is important in
order for the bread dough to acquire the correct consistency, so that the
bread has the right cohesiveness and does not crumble. However, there are
today many people who have gluten intolerance and who therefore must
stay away from everything in the way of traditional bread and milk products.
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Traditional sourdough bread made of emmer and einkorn.
To the right: A baker on the way to market, Sri Lanka
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I am an employer.
Nature
is working for me.
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Rice transport, Sri Lanka.
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CHAPTER 3

The Arctic archipelago, host of the
seed vault
Below the North Pole lies a territory. It is not just any ordinary territory:
here people must be satisfied if they even set foot on the ground here
and can thus add a few dots on the map commemorating their presence.
They must obediently conform to the weather and wind, light and darkness and cannot play at being world champions in any domain. It can
be cold – windy, foggy and barren as well. There is not a single tree to
climb, and in most places there is not even a blade of grass in the ground.
Nonetheless, there are few other countries that we know of that have so
large a soul, such a majestic tranquillity and such a spacious aspect. This
is primal country, which has been chopped and chiselled, filed and polished for millions of years by the craftsmanship of the forces of nature.
And unlike the southern meadows, the landscape is not covered with a
green carpet. Up here the Ice Age continues to reign. The hands of time
work away laboriously on their endless project, without any design for
the final result. Had it been up to us, the job could be completed on the
spot; there is more than enough here to gaze at and enjoy as it stands.
Here one finds drama and pastoral idylls, serrated peaks and oases full
of life, migrating massive glaciers and sailing ice floes.
Not only is the territory an aesthetic gift to the human race, the packaging is
also superb. The paper colour varies according to the time of year. Around
Christmas it is black, with glittering silver stars, perhaps interspersed with
the odd green or red pencil stroke. As we move towards the New Year, the
package turns a pure and lovely deep blue. Then the hues become more ma84

Magical light playing across the Svalbard landscape in October.

genta and soon evolve towards a brighter and brighter pastel pink. From the
end of April and up to the summer, the paper is white and shiny, while in
August and September it becomes more yellow. Then it slides back to pink,
blue and black again – as the autumn and early winter make their entrance.
This is Svalbard, the Arctic archipelago with a capital A. Grand, raw,
ruddy, but also idyllic and lush. Thanks to an excellent natural air conditioning system, both temperate air and water are carried northward
from the south to the west coast of the archipelago. The icing on the
cake is the light, which has a mesmerising magic, way up here on the far
edge of the earth. Here there is no social democratic equal distribution
of light year-round. In that the sun is abundantly generous in sharing its
energy in the summer season, we must accept that it is as dark as a coal
mine during the winter months, when the batteries are being recharged.

Ancient mountains, enormous treasures
This Arctic world is the host landscape for the global seed vault. A world
that is as remote and different as can be imagined from all the bustling
metropolises where the other seed banks are located. Up here nature
itself is in the driver’s seat, while humans just play the piccolo from the
back row of the orchestra. That is why the seed vault will be preserved,
virtually regardless of what is happening otherwise on the globe.
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The stratified Svalbard mountains are full of coal and fossils. On the right: a walrus portrait.

Although the Vikings sailed to Svalbarðr, the country with the cold coasts,
in 1194, it was the Dutchman Willem Barentsz who in 1596 received the
honour of having discovered Svalbard in modern times. He called it
Spitzbergen, the country with the peaked mountains. The peaked coastal
mountains in the northwest that he encountered are made of the eldest
rock types in Svalbard – formed approximately during the transition from
Precambrian time to the Palaeozoic Era, the time period 560−450 million years ago. The mountains in the Isfjorden region are younger, and
they look like cream cakes composed of layer upon layer of chocolate
filling. Coal is hidden in these dark layers. 350 million years ago, when
the deepest coal layers were formed, Svalbard lay splashing in the waves
beneath the penetrating rays of the equator sun. At this time the Arctic
territory was covered by enormous, steaming forests of ferns. The plants
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died, falling on top of one another and with time produced thick layers of
peat. The peat layers were in turn covered with sand, river gravel, and clay,
which for an abundant number of years pressed them together, thus creating the coal we know of today. Approximately 130-120 million years ago,
giant dinosaurs thundered through the forests and swamps and swam
in the ocean. In 2006 the first sensational finding of dinosaur bones was
made, a marine reptile Pliosaurus, near Diabas in Isfjorden.
When the dinosaurs had just become extinct in a mysterious manner 60
million years ago, Svalbard was located at approximately the same level as
Oslo today. At that time the temperate swamp forests dominated and these
too were transformed into another layer of coal.
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In Svalbard it is, for the time being, still the Ice Age. The glacier Austfonna in Nordaustlandet is up to
30 metres high and almost 200 km long. It is the world’s third largest glacier in terms of area, second
to the ice caps of the Antarctic and of Greenland.
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The polar bear is at the top of the Arctic food chain. When the summer sea ice retreats, it must catch its seal on the ice by the calving glaciers.
The Monaco glacier, Northwest Spitsbergen National Park.
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The hunter and prey, the Arctic Fox and
the Svalbard Rock Ptarmigan, prepare for
a long and cold winter in Svalbard. The fur
of the fox offers the best insulation of all
Arctic animals, while the ptarmigan dons
thick winter socks.
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The Svalbard of Humans
Man’s history in Svalbard is quite brief and modest in comparison.
Barentsz did not find the Northeast Passage he was looking for; he
was stopped at an early stage by ice and perished on Novaya Zemlya.
But other vessels from the expedition miraculously came back. They
told of tens of thousands of easily harvested Greenland whales and
even more corpulent walruses. This was the starting gun for several
centuries of brutal animal slaughter, until the time came when they
were almost extinct towards the end of the 19th century.
What first and foremost led to a renewed interest in the Arctic territory
after the animal life had been decimated were the stories that coal and
other minerals were to be found in the unique, stratified mountains. The
first coal shipment arrived in Tromsø, Norway in 1899, and engendered
new activity in the coming years. This all developed into a veritable race to
discover the biggest and best findings. The Norwegians were first in 1903,
but right behind them followed Englishmen, Germans, Swedes, Dutchmen, Russians and Americans. The American mining magnate John M.
Longyear bought up the Norwegian rights. He built with optimism and
determination up to that which today is Longyearbyen and started operation of the first mines in the nearby mountains. When the economic recession hit around the time of the First World War, he sold everything to
the new Norwegian coal company Store Norske Spitsbergen Kulkompani.

The Arctic archipelago, host of the seed vault

The race for resources led to a need for control over the activity in this
“no-man’s land”. Following lengthy negotiations, Norway was granted
sovereignty over the archipelago in 1920, with formal acquisition on
14 August 1925. The Svalbard Treaty was signed by Norway, the USA,
Denmark, France, Italy, Japan, the Netherlands, the British Commonwealth, Sweden, and somewhat later, the Soviet Union. Today the
treaty includes a total of 41 states, all of which have equal rights to establish themselves in Svalbard. The Norwegian governor of Svalbard
represents Norway as the highest authority of the archipelago.

The Soviet Russians started mining operations in Barentsburg, Grumant and Pyramiden. Grumant was shut
down in the 1960s, while Pyramiden turned into a ghost
town as late as in 1998. Coal operations in Kongsfjorden
were commenced by the Kings Bay coal company from
Ålesund, Norway, and they built up the society located
furthest north in the world, called Ny-Ålesund. Due to
large amounts of gas and difficult ventilation conditions,
working in the mines was hazardous. A number of explosions occurred, the most recent and worst in 1962, when
21 men were killed. Mining operations were then suspended here for good.

The company “Store Norske” held a firm grip on the society of Longyearbyen for many decades. But in the course of the last few decades,
the city has been transformed into a normal, civil society. The only
thing that still makes this place different from society on the mainland
is that there are no accommodations made for the elderly and the sick.
Besides mining operations and tourism, research is one of the main
pillars of the Svalbard society of today. A separate university branch,
UNIS, the University Centre in Svalbard, was established in 1993.
Ny-Ålesund has today been converted from a mining town into a fully
fledged, year-round research society where a dozen nations have established research stations.
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Compared to other Arctic settlements, the architecture and use of colour in Longyearbyen is impeccable.
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The winter day’s night
creaks with cold
beneath a glass cupola
as fragile as a Hair-bell blossom.
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Longyearbyen is cloaked in darkness from November to February.
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Existence on life’s far edge
Svalbard is the land of the polar bear. Tourists who make their way to
Svalbard find it wonderful to see the mountain peaks emerge from the
patches of fog and hear the ice scraping along the sides of the ship. They
are impressed by the powerful ice shelves that send huge offshoots little
by little out to sea and they squint towards a midnight sun that colours
the fells and stone deserts. But the faces truly light up for the first time
when they catch sight of the light-footed and self-assured king of the Arctic hopping between the ice floes, as if it were dancing around in a dish
of old-fashioned hard candy. That is a sight that we must simply stop and
take in. Svalbard is today the best place in the world to see the polar bear
in its proper environment, thanks to a long-term and sound management
policy that began protecting this species in the early 1970s.
Here we will nonetheless make the bear a parenthesis and instead get
down on our knees to study the plants. For even though the seed vault
is in fact reserved for the classic food plants, an important exception
has been made: here one finds an exclusive collection of seeds from
the most noble jewels of Svalbard’s vegetation!

The Arctic archipelago, host of the seed vault

Yellow, red, blue and white jewels shine from between the stone and gravel,
marsh and sand. It is nothing less than a miracle that they are able to adapt
here. The landscape is afflicted by cold and wind, the level of precipitation
is no more than that of a number of desert regions, and the many glaciers
and scree slopes ensure that only 6–7% of the landscape is fit for habitation by plants. In order for plants to survive under such conditions, their
requirements must be modest. It is a matter of laying low and pressing oneself down onto a thin, frostbitten crust of earth. But the plant species that
through the labyrinth of evolution have managed to adapt to such desolate
conditions, do not encounter, on the other hand, the nuisance of competitors. If they manage to stay alive, they have an open playing field.
In the very best case scenario, the plants can expect a growing season
of 100 days, but in equally many cases it is not more than half of this.
One advantage, however, is the constant daylight, which makes possible the production of nutrients and growth 24 hours a day. And in
spite of everything, compared with regions that have a more extreme
Arctic climate, such as Northeast Greenland and Frans Josef Land,
Svalbard can virtually be considered an Arctic oasis. Thanks to the
warm air and ocean streams, all of 164 “native” advanced plant forms
thrive in Svalbard, as opposed to 51 on Franz Josef Land.

In 2008 and 2009 scientists collected seeds from a number of plants
in Svalbard. These were given their own, exclusive place in the seed
vault, as the only genuinely wild-growing plants – without any known
utility value for humans. This was done not only due to scientific and
administrative concerns, but also to put the spotlight on the fact that
the Arctic environment is perhaps the environment being the most
rapidly affected by climate changes.
Scientists hold that the vegetation of Svalbard can in a few decades be
quite different than it is today. Not only will the composition of species be changed, but also the genetic variation of the surviving plants is
being altered. It is therefore important to secure knowledge about the
genetic values that exist and the most vulnerable species.
Svalbard’s flora is more abundant than you might expect on such a barren
and cold landscape. You will meet with surprisingly rich, coloured draperies on your journey across the eternally light tundra in the month of July.
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Without the plants of Svalbard, the Svalbard Rock Ptarmigan and the Svalbard
reindeer could not survive.
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An important reason why the plants live as well as they do here, is paradoxically enough the permafrost. An annual average temperature of well
below zero has the effect of freezing the soil deep below the surface. The
frost can extend down to 300 metres, yes, perhaps some places as deep
as 450 metres into the ground. Since the precipitation throughout the
year is minimal, the earth would under normal conditions have become
very dry and infertile. Due to the frost however, the water cannot penetrate
down into the depths of the soil and remains thus on the upper thawed
layer of perhaps two or three decimetres. With little heat from the sun
and high humidity there is little evaporation to speak of, so the plants
can revel in the moisture they crave.
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Mountain Avens under the light of the night sky.

What does one do if one wants to grow in exposed regions, but is not
actually able to withstand the wind and drought? Well, one creates one’s
own climate! Tufted growth is an interesting way of achieving this. A
particularly good example is that of the Moss Campion. The light red
or sometimes white blossoms are so densely grouped on the tufts that
it looks like enormous pin cushions have been scattered across the terrain. The plants have a thick root that extends a slight distance down
into the ground and small leaves grow up from this. The leaves cover
the root, protecting it from the wind and weather and retaining the
moisture. More leaves sprout all the time, which eventually fall off and
create soil. As such, the leaves and the root acquire even better protection. When the plant has created its own local micro-climate and has
strengthened its living conditions, it is time for the flowers to bloom.

The Marsh Saxifrage is a common sight in damp areas in July.
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Plants and environment – hand in glove
The living conditions of the plants vary enormously from place to place.
Botanists divide the habitats of the Arctic into three different zones: the
low Arctic, the middle Arctic and the high Arctic. In the low Arctic zone
we find the plants that impose the greatest requirements on their surroundings in the way of relatively high temperatures. These are species
which on the Norwegian mainland are well-known and beloved mountain plants, but which are generally not very widespread in Svalbard. In
the middle Arctic group are plants that are quite common in Svalbard,
but with a relatively sparse dispersal on the mainland. Where they do
exist, their dispersal is limited to the northern regions, so-called northern unicentric dispersal. The high Arctic group consists of no-nonsense
tough guys which are only to be found on the most exposed growing
sites and are often absent on the mainland. The plants’ incidence and
dispersal is controlled first and foremost by humidity, wind exposure
and snow cover. Also access to nutrients is important (such as calcium
from the bedrock or bird dung). But another factor is also the historical
dispersal, such as where the plants grew before the Ice Age and if they
managed to escape the ice on ice-free coastal areas, or possibly mountaintops or nunataks.
When you walk on this terrain, you will perhaps see a good deal of one
type of plant in one place, while in a neighbouring field, the landscape will
dominated by another species altogether. Botanists have analysed this
picture and divide the vegetation into a number of landscape-based plant
zones and a series of different plant communities. These are all intimately
adapted to the conditions of the growing sites: The naked zone is the
most barren with the least available nutrients and is to be found predominantly in the outermost coastal regions, particularly in the north. Slightly
less exposed to the weather and with a bit more calcium in the ground is
the Mountain Avens zone, which is located slightly inland in coastal areas. Further inland we find the White Arctic Bell-heather zone, while the
inner fjord zone is made up of the mildest and best protected locations
in central fjord areas. In addition to this rough breakdown of vegetation
zones, botanists have identified several dozens of less easily distinguished
plant communities, where some species co-exist in intimate interaction –
controlled by environmental factors and by one another.
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The Sulphur Yellow Buttercup thrives in damp habitats.

The driest, windblown ridges tend to be the Mountain Avens heaths, also
found in mountainous regions rich in calcium in Norway. The Mountain
Avens can dominate completely in these areas, where the white, beautiful rose-like flowers, with a yellow pat of butter in the centre, can occupy
huge areas. The lobed leaves are thick and leathery and well protected
against desiccation. The plant therefore thrives best on the open, windswept plains where the snow cover disappears early and the plant can start
up its nutrient factory as soon as the light and warmth will allow.
Areas in which the snow remains a bit longer into the early summer and
are thereby damp early in the season, are dominated by lichen species,
in particular, Alpine Lichen and the early blooming Purple Saxifrage.
This vegetation zone is called a Purple Saxifrage-Lichen field. For the
Purple Saxifrage to thrive it is important that the reindeer graze on the
lichen and prevent it from taking over. The Purple Saxifrage flowers
reach maturity in the autumn and are well-protected throughout the
winter. They can then unfold their ready-made, scarlet blooms as soon
as the rays of the sun make the snow start to sweat. In fact, the flowers
are not only beautiful to behold, they also have the sweet taste of nectar.
The Inuit of Greenland ate the first Purple Saxifrage flowers that they
found in the spring; after months without having anything sweet in the
mouth, tasting the luscious honey sweets was a festive treat. The Purple
Saxifrage has also an unbeaten record; it is the world’s most northerly
flowering plant, even thriving on Greenland’s northern coast.
The next plant community on the list is the Moss Tundra, an area where
different species of moss grow in dense carpets on slightly damp, lowlying terrain. Here the grass production is also good, which makes
these areas good grazing fields for reindeer. Here some Purple Saxifrage
grows, but also the yellow-flowering Marsh Saxifrage. Another yellow
Saxifrage with elegant, long stolons is its relative the Flagellate Saxifrage.
The Marsh Saxifrage is also widespread in the next plant community,
the Polar Willow-Field Horsetail fields. Here the Polar Willow, a lowgrowing Arctic willow species, dominates along with the Field Horsetail. Mosses can also be found here. Down in the gulleys in the terrain,
where there is late snow-melt and it is very damp, the tuft-growing
grass species Alpine Hair Grass dominates, in Alpine Hair Grass fields.
The Moss Campion is the tuft specialist of the Arctic plants.
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In the very lowest and dampest parts, where the meltwater cannot
run off, but instead accumulates along with all of its nutrients, the wet
fields are formed. A number of grass species thrive here, along with
mosses. Of the flower species, the High Mountain Buttercup is among
the most common.
Our common heather species are virtually unrepresented in Svalbard.
An important exception is the White Arctic Bell-heather, the tiny,
tenacious mini-shrub with its white, lily-of-the-valley like bells. It is
one of the most characteristic plants and has also been awarded its
own vegetation zone, the White Arctic Bell-heather zone. The White
Arctic Bell-heather is hardy and frugal and can live for many decades.
It is wholly dependent upon having a protective layer of snow over it
in the winter, and therefore often finds somewhat sheltered locations
where the wind is unable to blow away the snow. At the same time, it
avoids like the plague land areas where too much water collects.
The salt marshes are located, as the name would imply, all the way
out by the ocean, often on soil with a clay component. Here there
will always be a certain amount of salt in the ground. In addition to
some sedge and grass species that tolerate salt, Polar Scurvygrass and
Saltmarsh Starwort are among the most important flowering plants
of the salt marshes.
There’s no need to use binoculars to find out where the birds are! Just
follow the green colour on the mountainsides. It’s guaranteed that
the Brünnich’s guillemots and the Puffins will be perched above the
greenest parts of the mountains. The birds are the most important
connection between the nutritious ocean and the barren land. Birds
bring with them the nitrogen and phosphorous from the ocean and
spread it across the soil on land. Since many of these bird cliff areas
are also located on southern-exposed, protected sites deep within the
fjords, the plants will derive benefits from both the climate and access
to nutrients. The bird cliffs are therefore the very richest plant areas
in Svalbard.
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The Mountain Sorrel seed is a wonderful creation that allows itself to be launched by the wind.

Disturbed equilibrium
The interaction between the landscape and the climate and plant and
animal life is a fragile balance that has developed over the course of
thousands of years. Here there are no absolute and eternal truths; it’s
like balancing on a tightrope over an abyss. The tiniest gust of wind,
or a small irregularity and the world might be obliged to change. Nature has always demonstrated great flexibility in adapting to changing
climate and life conditions; old species adapt or disappear and new
species emerge. On life’s perimeter in the Arctic, the species are few
and the variations even fewer, and for that reason adaptation is often
more difficult and slower.
These days this focus is of greater relevance than ever. Global warming is no longer some lofty theory; it is a very real problem, the
ramifications of which can be observed today in the Arctic. A large
amount of the research that is done here today is therefore focused on
achieving clarity about the impact on the natural habitat and repercussions throughout the food chain. We see, for example, that most
of the glaciers have receded dramatically in recent decades. Many of
those that extended far out into the fjords no longer reach the water
at all, but hang like small clumps of ice up on the mountainsides. The
fjords often have have little or no ice cover, even during the winter,
and in the summertime the edge of the ice is located at 82 degrees,
or even further north. An important, self-reinforcing factor is that if
the snow and ice cover disappear earlier and earlier, this will increase
the already ongoing warming. This is due to the fact that the albedo
effect is reduced; in other words, the ground’s capacity to reflect sunlight and heat is reduced when the white snow and the ice disappear.
The ground is heated up even more, which then causes the melting
of more snow. As a result, the permafrost can also be affected. And if
it melts, this will potentially have enormous consequences, because
large deposits of methane gas are frozen in the tundra. If these should
be released, temperatures will then get even warmer, in that methane
has 22 times as powerful a greenhouse effect as CO2.
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The White Arctic Bell-heather (left) is one of the species that manages just fine reproducing with seeds while the Drooping Saxifrage relies on asexual gemmae.
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One of the finest things about the Polar Campion is its tiny seeds!

109

The Arctic archipelago, host of the seed vault

110

The Woolly Lousewort’s prettily wrapped Christmas gift and the Viviparous (asexual) Alpine Meadow-grass’ sychronised swimming figures are just two of the design
treasures found in storage in the seed vault.
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Uncertain future
How then are the plants equipped to meet this new reality? Scientists estimate that as much as 40% of the Arctic species may be headed into an
uncertain future. More than 50 of the plant species in Svalbard are so rare
that they have been red listed. Many of these are relatively fond of heat
and belong to the low Arctic group. On the bright side, they can expect to
acquire better parameters for germination and growth when the climate
changes. On the other hand, at the other extreme are the high Arctic plants,
the specialised tough-guys that stubbornly cling to the most exposed locations, and that will have difficulties holding their own with the competition.
The species found in the outermost periphery are the most exposed. Not
only will their habitats shrink when the temperatures rise, but their ability
to adapt to changes will be further reduced, in that a reduction in land area
as a rule leads to a reduction in genetic variation. The genetic variation of
Arctic plants is often less in the northern parts of the dispersion areas than
in the south, although strictly speaking this is not absolutely always the case.
Other factors, such as the plants’ immigration history, are also of significance. This phenomenon of reduced genetic variation can be due to a large
amount of asexual reproduction, or because isolated plants seldom or never
exchange pollen with other strains. The dispersal of seeds is often quite
variable. An example of such a plant at risk is the Glacier Crowfoot. Some
species have a better capacity than others for spreading within a dispersion
area, so that something of the genetic variation that exists in the south can
“mitigate” the crisis in the north and thereby make the plant more robust.
An example here is the Dwarf Birch and other tree species. Approximately
one-third of the Arctic plants to a large extent skip common cross-fertilisation and instead pollinate themselves or bank on reproduction in the form
of gemmae, the development of different types of vegetative shoots or selfsprouting “seeds”. This implies that the limited genetic variation, the small
“genetic errors” that give the plants the life force and opportunities to adapt
to changing life conditions, will be further reduced.
Not just climate changes in and of themselves, but also the introduction of
alien species to the Arctic constitutes a threat. Yes, in fact, even you as a Svalbard tourist can be a biological bomb! When you pack your hiking boots in
your suitcase, you are perhaps not aware that you are bringing along traces
and seeds from where you last had wonderful trekking experiences! Previously this has perhaps not been so important, since the seeds one brought
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along would nonetheless not find particularly hospitable sprouting conditions in the Arctic climate. But that is changing now as the temperature rises.
It won’t be difficult for alien, aggressive plants to acquire a solid footing and
spread − to the detriment of the more docile, native plants. Scientists have
calculated that tourists every year bring along something like 270,000 seeds
to Svalbard, hidden in their boot soles! Today there are already 100 new
plant species found in Svalbard. The fewest of these have succeeded in gaining a foothold but this can change when the climate gets warmer.
In summary, one can see how there are many variables involved all at once
and the calculations are based on complicated models. But there is little doubt about the fact that at least a portion of the most sensitive Arctic
plant species can be facing an extremely uncertain future as “the Ice Age” in
Svalbard slowly fades away. Many of them are dependent upon the growing conditions provided by the permafrost, so if this is undermined, it will
produce a powerful change in the life conditions.
Storage of seeds in a seed vault is the final resort for safeguarding a species. It
is not here simply a matter of putting the seed in storage and assuming that it
is automatically saved forever. To find out how the seeds respond to storage,
scientists made sprout samples from seeds of Svalbard plants that had been
frozen for one year. It turned out that the sprouting was quite variable for
many species; some did not sprout at all, while others only sprouted 20%
or less. The reproduction in plants based on gemmae was extremely good
during the first year, but we don’t know how long it will be before the pep
drains out of them after storage in the vault. They have no protective shell.
Unfortunately, it is also the case that the rarest species are poorest at sprouting – which is essentially why they are rare in the first place! There are also
some species from which it is not possible to get seeds. For these plants
other strategies must be devised. Preservation of habitats is of course
important. But if the climate changes hit with full force, it can perhaps
also be necessary to create separate Arctic botanical gardens providing
the requisite living conditions. But by taking these limitations into consideration and at the very least ensuring that more seeds are collected
from those plants with the poorest sprouting capacity, a stock of seeds
from Arctic plants will after all be of great value for the future. It should
be possible to awaken most of them again after a long Sleeping Beauty’s
nap in the depths of the grey mountain.
Sprout samples from the Purple Saxifrage.
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The colours of the Boreal Jacob’s ladder
are like those of a parrot.
Perhaps in a previous life
the plant was a flock of macaws
in the rain forest?
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Boreal Jacob’s ladder
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CHAPTER 4

The artwork within the mountainside
So there I was. Finally. I was inside the very heart of the world. The place
that many maintain will be the salvation of the human race. If everything that could occur in the way of natural and man-made crises actually takes place, this room in the depths of the bedrock will prevail. This is
Noah’s ark, a survival archive that will continue to exist no matter what.
I feel like an explorer of internal parts unknown, like a heart surgeon easing his angioscope into the blood vessels of the heart, arriving first at the
atrium, to subsequently penetrate the most sacred of all – the heart chamber. The inward passage is long and narrow and ends at a valve in the atrium.
But just before we reach it, on one side there is a small aneurysm where the
artery expands into some small offices. The atrium turns into a large and
spacious mountain hall, with frost-covered white walls. The hall is vast and
you can throw out your arms – down here in the world’s emergency shelter.
The thermometer shows 5 below zero, about the same as in nature’s own
cold store, well within the permafrost. But I want to continue. Into the most
sacred of all: Into the heart chamber. Inside there, I reach a triple valve, two
doors covered with frost and furthest in, a door with prison bars designed to
frighten off the most determined intruders. The heart has been conquered.
What’s it like? Is it magnificent and flashy, does it make a sumptuous, indelible visual impression, like a white Taj Mahal? No, the experience is not exactly a watershed in this sense. In here there is no
additional window dressing, no ornamentation or subtle details. It is
just an ordinary cave in the mountain that could have been any old
warehouse in any old company. Rows of standard, commonplace stor116

age shelves in blue and orange and full of boxes of every imaginable
colour and style. Yellow numbers and letters denote the order of the
different rows and tell us where in the archive hierarchy we are.
Nonetheless, it is fascinating to browse the shelves here and look at boxes,
cases and cans of biological gems from the entire world. Inside these boxes
are neatly labelled and documented bags containing everything from large
peas and beans and the most important grain species, to tiny cress seeds.
This is a migration from country to country, through geography,
through history. Here there are cases containing a myriad of rice types
from the international rice research institute in the Philippines, here
there are stacks of crates from American and Canadian agricultural
authorities, interspersed with some plastic boxes from Taiwan and
the world’s most important corn gems from Mexico and Brazil. On
the rack opposite are red wooden boxes from North Korea and a large
number of paper cartons from the Centre for Agricultural Research in
the Dry Areas in Aleppo, Syria. Given the instability of the situation
in that part of the world, it is truly reassuring to know that the genetic
treasures from the cradle of our civilisation lie on the shelves here,
cold and undisturbed, 150 metres down in the bedrock in Svalbard.
Time passes between the racks, but this journey through the world
does not last too long. My fingers grow numb and my neck shivers.
The refrigerator system begins to rumble again and a cold arctic wind
sweeps through the room. Yes indeed, one does gradually come to
notice that the temperature in here is a chilly 18 degrees below.
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The most sacred part of the seed vault: the seed collection.
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An anonymous appearance
The outward appearance of the seed vault is just as unpretentious as the
inside. Yes, if possible, the seed vault’s place in the Svalbard landscape
is even more unassuming and reserved. As always, Platåfjellet mountain rises dispassionately up above Isfjorden. The stratified mountains
directly in front are as they have been for thousands of years. Below
lies Hotelneset, where the first, short-lived hotel in Svalbard was built
more than 100 years ago, to house pioneers along with the cruise
tourists. The roar of jet engines can be heard from time to time from
the airport down there, and the giant Titan crane relaxes and enjoys
its golden years on the coal quay. Everything looks actually exactly as
usual when sailing into Longyearbyen. But look closely; down there
where a towering cruise ship is slowly gliding westward, something
has in fact appeared up on the mountain. A tiny cement block sticks
out of the rock, a strange, tall and narrow thing that does not resemble anything familiar. If you get closer, you will find yourself standing
beneath a 2.5 metre wide and 8 metre high construction with a glittering, quadratic “window” at the very top. If you climb up the side of the
mountain behind the vault, you will see that the same window continues upward and backwards as well. There is indeed a somewhat anonymous looking door down there by the ground, but it is firmly shut and
locked. You might easily end up standing there, scratching your head,
unless you were then given a user manual. What in the world is this?
The entrance to the Hall of the Mountain King? But there is in fact an
explanation on the wall: Svalbard Global Seed Vault!

Finding one’s way to the seed vault is a simple matter, but entrance is not allowed.

Many of the world’s seed collections are found in densely populated regions
that do not exactly accommodate eternal preservation. Here there can
be storms, floods, earthquakes, tsunamis and fires, as well as familiar and
recurring human activity such as war and uprising. For that reason a relatively minor incident in a local region will potentially wipe out important
biological values for all eternity. This happens on a regular basis; not long
ago there was a fire in the national seed warehouse in the Philippines and
the same warehouse was a few years previous to this exposed to flooding
after a typhoon. The international gene bank community has therefore long
aspired to acquire a place where they could locate a world bank for seeds, a
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site located as far away from conflict and natural disaster areas as possible.
The seed vault of Svalbard fulfils all of these requirements.
The seed vault is luckily not simply a measure for the final hour, after the
unthinkable has occurred, after the human race has done away with itself
– as in the novel The Road by Cormac McCarthy. It is first and foremost a
back-up copy. You certainly have experienced how the hard disks of computers have a painful tendency to crash, sooner or later. And in a split second, all of the data is lost! That is also the case in the world of seeds. There
is a need for back-up and then a need for back-up of the back-up.

Furthest in, in the main hallway, there is a department that houses offices for those who will receive the seeds, an austere conference room,
a technical room containing all of the electrical equipment required to
control the cooling systems and fans, and finally an even more basic
“bathroom”. Here nobody has gone to the trouble to install water or
drains, so everything liquid that is to go in or out must follow the path
through the tunnel.

The seed vault is exactly like an iceberg. You see only the tip of it,
while most everything is hidden away. Neptune’s famous fork served
as a model for the facility. Further inside the rock of fine-grained
sandstone, a hallway about one hundred metres long leads into the
mountain halls. There you will first enter an antechamber, which then
divides up into three identical storerooms, the exact dimensions of
which are 9.5 x 27 metres. For the time being, it is only the room in
the middle that is on the job, with a working freezer system and three
metre high storage racks. But now this room is three-quarters full, so
one of the two other mountain halls can soon be upgraded to a fully
fledged member of the family.
The seed vault appears as an anonymous outgrowth in the mountainside above
Isfjorden.
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Like a polished diamond
With the secluded and sealed-away existence that the seed vault for
the most part leads, it becomes all the more important that what is in
plain sight provides meaning. And when you have finally understood
the function of the monolithic entryway, it is natural to investigate
a little more what the strange windows in the front and on the top
actually are. During the summer time, with an eternally shining sun,
you will see a play of reflections that change according to the angle of
the sun and your own position. But it is only when the shadows and
the days grow longer and the endless day becomes endless night that
you will truly discover the multifaceted capacities of this creation. Because it is nothing less than a work of art. When Jack Frost pulls the
blue cape of winter over him, a glittering transformation occurs there
in the concrete. It twinkles and shines as if it were all a clump of mica –
sending out the reflection of a dancing sky of northern lights. The simple, rugged design of the building and the pure light surfaces reflect
both the structure of the vault and the equally rugged nature of which
it is now an integrated part. This building shall also compete with
the Great Pyramid of Giza and the Temple of Acropolis to become a
part of the world’s cultural heritage. While many ordinary Norwegian
buildings seldom experience a lifetime of more than one or two hundred years, here we are dealing with millenniums and eternity.

Hey, Neil and Buzz,
now you’ll have company in the stars’
Hall of Fame.

This glittering, polished diamond of light is a work signed by the Asker-based Norwegian artist Dyveke Sanne. She has plenty of past experience, both artistic and technical, with such light-based decoration of
buildings. She was therefore hand-picked for this commission by the
state institution KORO (Public Art Norway) which was responsible
for organising the decoration. The work combines the aesthetic and
conceptual in an exceptional manner. The title is “perpetual repercussion”, and is a reference to the repetitive, eternal rhythm of nature, a
rhythm that we stressful human beings have difficulties taking in as
we call for development and progress. Nature is an eternity machine,
while we human beings are extremely transitory and incapable of putting our lives into such a perspective.
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During the dark season, the light art glitters along with the moon.
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“The inside of the seed vault is protected from public access. Nonetheless, the contents reflect certain significances and a complexity that affects us. The seed vault’s
existence reminds us of our own position within the whole,
and of the earth’s condition. The seeds make a commitment to the future. They are copies of a diversity requiring
a cyclic repetition of action rather than an ongoing faith
in an identified original and linear progress. The mirror
surfaces do not disclose anything of the contents lying
behind, but they copy and send back what they receive.
If one draws close enough one can see one’s own reflection in them; further away one becomes a part of the landscape or is blinded by the reflected light. The reflections
nonetheless entail a composition and inherent displacement that changes according to the position of the viewer.”
This is how Dyveke Sanne personally describes the work
and the idea behind it. It is not every day an artist has the
chance to create a work that aspires not only to illustrate
eternity but also to be eternal!

The echoes of former existences have been preserved
in the frozen, fossiliferous bedrock;
they are the seeds’ soul mates.
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The light art looks like a deep well, but in reality it is embedded in
a mere 10 cm deep slit of concrete. Numerous triangles of different
sizes made of highly reflective polished steel, broken into facets, along
with prisms and dichroic mirror-glass, which refracts the light into
two colours, have been used. It is then all covered with durable safety
glass, also with special characteristics. As a result of this, the light is
thrown back in all directions and creates a lovely, three dimensional
depth-effect. The building will reflect the sunlight in the summer,
always alternating with the angle of the sun and the position of the
viewer. During the dark season, the built-in fibre-lighting takes over
and gives the impression that the entire entryway is a huge light sculpture floating above the dark mountainside.

An automobile rolls down the curving road in front of the seed vault in the blue light.

This elegant use of light has attracted well-deserved attention, and the
installation was therefore awarded the Norwegian prize Norsk Lyspris for outdoor lighting in 2009. This is an honour that is awarded
by Lyskultur − the Norwegian Lighting Institute, every second year.
The jury’s citation was as follows: “The light constitutes an entity that
complements the darkness that has been excavated inside and will ever
contribute to signalling the seed vault’s position.”

Why Svalbard?
The seed vault could have been located anywhere in the world. Why did
Svalbard so quickly become a hot – or perhaps rather cold – candidate for
the housing of such a facility? When you think in the perspective of eternity,
it is actually not so difficult to understand that this place just under the brim
of the North Polar ice cap has a number of advantages. Not only is the site
located far away from the conflict zones of the world. The Svalbard treaty
also ensures political independence and stability. Svalbard has in addition
already made its mark as an unusually good example of a constructive collaboration among many nations within research and industry.
Geology, tectonics (earthquake risk), weather and climate are also
quite predictable, while the place is much more easily accessible than
equivalent northern sites in other parts of the world. Norway as the
host nation is considered to be a prosperous, reliable and stable state
that has no economic interests in the seed industry. Beyond this, the icing on the cake is of course the permafrost, which ensures that the temperature inside the mountain will stay at 3-4 below zero even if all of the
sophisticated technical installations of the world should go on the blink.
As early as in the late 1960s the idea of a Nordic seed bank was conceived
in the Nordic agricultural community. Internationally, the awareness of
how important it was to preserve the genetic diversity was growing and
the Nordic plant researchers discovered that they had also sacrificed a
number of old species and types on the altar of efficiency. For this reason, in 1967 Sweden took the initiative to investigate possibilities for the
establishment of a joint Nordic gene bank. After ten years of discussion
and studies, the Nordic Council of Ministers finally passed a resolution
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in 1978 on the establishment of a Nordic gene bank. This saw the light of
day 01 January 1979, and was named the Nordic gene bank for agricultural and horticultural plants (Nordisk genbank for jord- og hagebruksvekster). All available Nordic types were collected and stored in a freezer
in Lund, Sweden and in 1984 the entire stock was relocated to Alnarp in
Malmö. In the meantime, scientists had also began discussing the possibilities for establishing a security copy of the vault, and that was when
Svalbard was mentioned for the first time as a potential location.
An important reason for this was both the permafrost in the mountain and
all of the old mining tunnels, which made many of the mountains around
Longyearbyen veritable Swiss cheeses. By putting to use an old mine, one
could get started quickly and at a low cost. The now defunct Mine 3, situated
near Hotellneset and the Svalbard airport, was therefore chosen to house a
security copy of the first, modest seed collection. It was established in 1984.
Such a joint Nordic initiative is all well and good but those responsible quickly saw that this was just the first step on a journey to the
goal they were actually seeking: to establish a large, international seed
vault where the entire world could deposit genetic valuables.
The design of the old mine was not ideal. Beyond this, because of the
coal there was a certain risk of landslides and explosions. Storage at
temperatures lower than permafrost’s modest 3-4 below zero would
also give the seeds a longer lifetime. A new and larger seed warehouse
should therefore be constructed somewhere with a more stable rock
foundation and an even lower operating temperature. Some planning
work was carried out and negotiations were held for a relatively concrete agreement on a new vault in 1991, but the initiative never came to
anything because the time was not quite ripe on the international arena.

International agreements were essential
The mere thought of gathering so many and such precious resources
in one place represented a big challenge for many stakeholders. The
establishment of such a vault would require that more than 200 nations reached an agreement on a universal procedure for the storage of
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and access to the genetic resources. This was no easy task. No country would get involved in such a project without there being a clear
international agreement that regulated ownership rights and access
to the seeds. It was in particular important to ensure that no parties
representing outside interests would be able to get hold of the seed
resources and prevent general access to them.
Parallel to the seed vault idea taking shape in the end of the 1980s,
an international project was underway to clarify the rights on genetic resources. On FAO’s part this work was in 1996 brought into a
larger context, where also access to and compensation for the use of
plant genetic resources became an important topic of negotiations.
It took a total of 20 years of negotiations before a comprehensive set
of agreements was finally in place. This went into effect in 2004, and
was called FAO’s International Treaty on Plant Genetic Resources for
Food and Agriculture (ITPGRFA). This agreement, more colloquially referred to as the Plant Treaty, ensures that large portions of the
seed resources are made available for research purposes and cultivation on an international basis. The parties sign a standard agreement
with fixed conditions. Simultaneously, a certain portion of the sales
volume from the seeds is to generate value in a fund used for resource
preservation among farmers in developing countries. Norway has
been a pioneer in this area, paying 0.1% of the value of seed sales into
the fund. This principle has now been followed by a number of other
countries. With this set of agreements in hand, the pieces fell into
place for the initiators of the seed vault. At the same time, there was
encouragement from the International centre for research on plant
genetic resources (IPGRI) and the CGIAR network of international
seed bank centres to move ahead with the project. Official work could
then be commenced on Norway’s part on investigating a new and
more advanced seed warehouse of global dimensions. Internationally
the idea to locate this in Svalbard met with approval. The Norwegian
Foreign Ministry, the Ministry of the Environment and the Ministry
of Food understood that Norway should assume a natural leading role
in this field, since Norway has sovereignty over Svalbard. The vault
also fits in nicely as a part of Norway’s many years of engagement in
precisely contributing to international collaboration towards biological diversity and in particular, plant genetic resources.

The frost makes time stand still.
What happens when it melts
and time runs out?

The seed vault artwork is composed of steel structures and mirrors that reflect the light. Here is the façade seen from above.
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Planning for eternity
The ministries involved research communities from the University of
the Environment and Bioscience in Ås to study how this could best
be solved. The study was led by Cary Fowler, who at that time was a
professor at Noragric, Institute for environmental and developmental
studies. These professionals made clear recommendations for how the
warehouse should be designed and how it should best be operated.
The laying of the foundation stone was done by the five Nordic prime
ministers in June 2006. They scattered a mixture of a dozen traditional
wheat and vegetable seeds across a collection of stones in a plastic
cylinder. The building process was led by the Norwegian government’s own contractor, Statsbygg, who also after the fact has been responsible for the follow-up and maintenance of the technical facility.
The construction of the warehouse cost around NOK 50 million and
was financed in its entirety by the Norwegian state. The daily operations are the responsibility of the successor to the Nordic Gene Bank,
which today is The Nordic Genetic Resource Center (NordGen). This
is a Nordic institution under the auspices of the Nordic Council of
Ministers that shall work for the preservation and sustainable use of
agricultural plants, livestock and forests.
NordGen has contact with seed banks around the world and produces
regulations for how the seeds are to be packaged and shipped. They
also provide systems that ensure a secure, safe and systematic storage of the seeds when they arrive in Svalbard. NordGen collaborates
closely with the Norwegian government, the Norwegian Ministry of
Food and Agriculture, and The Global Crop Diversity Trust, an important independent, international foundation for the preservation of
genetic diversity in agriculture. The head of this foundation was until
recently the same committed individual, Cary Fowler, who played a
key role in the development of the entire idea of the seed vault. This
trust is based on a broad international cooperation for which funding comes from a number of governments, including the Norwegian
and Swedish, as well as international funds and idealistic foundations,
such as the Bill and Melinda Gates foundation. The trust finances
a portion of the vault’s operations and according to specific regula128

The Nordic prime ministers lay the cornerstone of the seed vault in June 2006.
Construction was completed in the course of one year.

tions also helps less prosperous developing countries with the collection and shipment of seeds, so that the vault is not dominated by the
wealthy nations. The vault is to be truly for everyone − yes, perhaps it
has the greatest significance for the nations that lack the resources to
take sufficient care of own genetic treasures. This strategy has proven a
success, since most of the gene banks that have deposited seeds in the
seed vault today are from poor countries. International seed banks, in
particular those with CGIAR backing, are also heavily represented.

Today there are 1750 gene banks throughout the world,
ranging from small regional seed warehouses to the largest, which is the International Rice Research Institute
(IRRI) in Manila in the Philippines, a CGIAR institution.
The total number of seed samples found in all of the
world’s gene banks is 7.4 million, but in all likelihood only
one-fourth are unique samples, while the remainder are
duplicates.

All of the international seed banks have now demonstrated an interest
in depositing back-up seeds in the vault in Svalbard, and very many
have already done so. Inside here, in the long, cold hallways there are,
as of November 2012, all of 774,601 food plant seed samples. This
represents a total of 4378 species, coming from all corners of the earth
(231 countries of origin). But this is only the beginning. As the years
go by, new deliveries of genetic surprise packages will continue to arrive in Svalbard. The capacity of the warehouse is for up to 4.5 million
samples, so it will take some time before it is full. If one calculates
500 seeds per sample, there will be more than 2 billion seeds when
the racks begin to fill up. That may sound like a lot of seeds, but when
we know that there are already 32,821 samples of corn and 145,000
different varieties of rice deposited, accordingly, only two of many
thousands of cash crop species, we start to understand that it is highly
probable that with time the shelves will be filled up.
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«The Pearly Gates», the gateway into the seed vault, is 8 metres high and 2.5 metres wide. A 100 metre-long tunnel leads from the entrance into a cross-corridor.
The cross-corridor is connected in turn to the three storage rooms, each measuring 9.5 x 27 m. For the time being, only the middle room is in use.
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Each year 3−5 shipments of seeds arrive at Svalbard Airport. The crates are driven to the seed vault and rolled down to the cross-corridor.
Here they are sorted, catalogued and labelled, before being assigned their resting place in the cold store unit.
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The ice-covered door reveals the entrance to the seed crates’ final destination,
where the temperature is at -18 ºC.
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The seed bank
is a bank
that cannot go to seed.

As secure as money in the bank, but
for how long?
The seed vault is not like an ordinary bank where seeds
can be “taken out” on a regular basis. It is a condition that
all of the seeds are to be found in other seed storage facilities and that the daily distribution is carried out from
these. The same types of seeds are not to be deposited by
different stakeholders, so the shelves don’t fill up with
unnecessary duplicates. The Svalbard vault is designed
for long-term storage and the great visions.

Everyone who has made a deposit in the seed collections in the vault knows
that they have complete dominion over their own genetic resources. In exactly the same way that you know that you have complete control over the
valuables you put in a bank box in the bank on the corner, also the seed
banks that deposit valuable genes in the cold store vault in Svalbard know
that nobody else shall have the possibility to touch them. The personnel of
the seed bank may only by the explicit permission of the owner and under
strictly controlled parameters take out samples and return them to their
starting point. Should any outsiders want to gain access to the seeds, according to the regulations of the Plant Treaty this must occur through the original gene bank, subsequent to having been in direct contact with the owner.
But when the seeds are finally safe and are resting on the storage racks of the
seed vault in their untouchable “Black Box”– is our job then complete, will
they last then forever? As mentioned above, the seeds are not dead matter,
although they might appear to be so at first glance. These are living organisms, and all living organisms will sooner or later reach their expiration date.
The seeds will therefore also at some point lose their sprouting capacity. It
is the seed suppliers themselves who are responsible for replacing the samples in the vault. But there is little knowledge about the time frame within
which this shall be carried out. In practice, the seed suppliers monitor the
sprouting capacity of the duplicate seeds they have in their own, frozen gene
banks, and replace the seeds with fresh samples in both locations when the
sprouting capacity becomes seriously diminished.
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Seeds from most countries of the world are now found neatly organised in the vault.

Scientists operate with a reasonably flexible time period for an anticipated
replacement date – ranging from a few decades to a thousand years. What
is encouraging in this context is that Russian botanists recently discovered
32,000 year-old seeds from the genus Silene (the carnation family, related
to both the Moss Campion and other campions) on the Siberian tundra.
The seeds had been frozen in the permafrost and imagine the excitement
when it was discovered that they could be induced to sprout and become
fully viable plants. This illustrates that if the seeds in a seed vault are stored
at cold temperatures, all of the biological decomposition processes are essentially completely halted, as we experience in everyday life with frozen
food products. By increasing the cold from the permafrost temperature to
a standard cold-store temperature, scientists hope that the seeds will retain
their vitality for long periods of time. Although the seed vault today enjoys
the benefits of modern technology and a stable electricity supply, it will also
have the permafrost as a natural safety net, to ensure that the temperature
is maintained securely on the blue end of the thermometer. Another subtle
detail is that the cold store is not insulated. This means that the cold generated in the cooling devices will over the years spread further and further into
the ground. In a way, an artificial permafrost is therefore produced, which
ensures that the bedrock stays especially cold also long after the electricity
for whatever reason has disappeared from the cooling facility.
To gain a bit more clarity regarding the lifetime expectancy of the seeds,
as far back as the time of the establishment of the gene bank in the mine in
1986, trials were implemented to determine the seeds’ life expectancy. It
was decided that seeds should be taken out of storage for sprouting trials
every 2.5 years for the first 20 years, and subsequently every five years for
a total of 100 years. The seeds that have so far been taken out have all, with
very few exceptions, retained their vitality remarkably well. And that is even
though they were here only stored in common permafrost, and not at 18
below zero as is the case in the new seed vault. But we know that there are
large differences in how long plant seeds can be stored; there can be in particular a short storage period for plants living under tropical conditions and
that do not go into a rest period. This is therefore something upon which
research will be done in the future. But as is to be expected, a long time will
pass before results can be presented with any certainty! Up to now, in principle, it has been mainly seeds of food plants that have been deposited in the
gene bank. But as we have addressed in detail above here, also seeds from
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a number of rare Svalbard plants have already been secured in the freezer.
Also forest trees represent a group that is being made a priority. A collection of seeds from trees already exists and before long, a large section for
seeds from populations of wild trees for conservation will be established.
Useful wild plants, such as medicinal plants, have for the time being been
ruled out. But CBD, the Convention on Biological Diversity has now negotiated a consensus agreement in this field as well, in just the same way that
FAO did previously for food plants. This agreement, with the euphonious
title Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable
Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity, was formed in 2010 and is being ratified by increasingly more
countries all the time. The agreement can with time serve as a door opener
to potentially allowing seeds from wild plants into the vault, but since there
are also many other challenges that must be solved before this can become
a reality, it is too early to predict the outcome.

Attention world-wide

The opening was officiated by Norwegian Prime Minister Jens Stoltenberg, the European Commission President José Manuel Barroso and the Kenyan Nobel Prize winner
Wangari Maathai in February 2008.

When the Svalbard global seed vault opened on 26
February 2008, heads of state and nobilities from all over
the world were in attendance. Among the 200 prominent guests were EU Commission president José Manuel
Barroso, the Kenyan Nobel Prize winner Wangari Maathai
and the host, Norwegian Prime Minister Jens Stoltenberg.
They were accompanied by Tatay Gipo, a local rice farmer
from the Philippines – who told with enthusiasm of his
good and bad experiences with the new reality of international agriculture. All of the important international
media were also represented.
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The seed vault’s most prominent guest so far has been the UN Secretary-General.

TIME magazine publishes every year a list of the 50 most important
advances and inventions of the past year, and in 2008 the seed vault
at Svalbard was ranked as number six on this exclusive list! The international attention paid to the seed vault continues – and is growing.
The Svalbard global seed vault is in the process of becoming an important
and positive “branded good” with which many international organisations and individuals have shown an interest in collaborating. A positive
effect of this attention is also that it contributes to putting the spotlight
on the important international work being done for the preservation of
seed diversity. But one consequence of the seed vault’s “celebrity status”
is also that the number of less serious inquiries from private individuals is
increasing. Those in charge spend a certain amount of time on explaining
that no, private individuals cannot deposit seeds from their own garden
or their own especially lush hashish plantations, and neither they can deposit their own genetic “seed commodities” for posterity. It is even more
strange how with relative frequency absurd conspiracy theories arise
about how the Norwegian government and its collaborating partners
know something the rest of us don’t about what will happen in the future
and that with the seed vault they are virtually seeking to usurp access to all

of the world’s genetic resources. Perhaps it seems virtually too good to be
true that a state can behave in an altruistic manner, with a concern for the
future and what is best for the human race? The owner has no choice but
to provide assurances, over and over again, that there is no hidden agenda
behind the establishment of the vault.

All of the world’s information bases will soon be digitalised,
so who knows, perhaps it will at some time be possible to
also create a digital DNA archive of plants and animals for
the production of life “á la carte”? Then a digital DNA file
can be sent to another part of the world in a fraction of a second, where the recipient can synthesise new DNA. The new
DNA string is then put into a standard stem cell – which can
in theory become anything at all. In this way, not only existing but also extinct species will be brought to life. For the
time being, such a scenario remains in the realm of science
fiction or cinema (such as Jurassic Park), but when and if
this will be possible in reality remains uncertain.

Having the chance to stroll right into that which is most sacred is not
an honour bestowed on everyone. No, in fact, originally the idea had
been that the vault should be completely locked away after the prodigious opening. This was out of consideration for the safety of the
seeds and the visitors, and also due to the need to avoid temperature
fluctuations in the seed warehouse. Due to large international interest however, on a few occasions the vault has been opened to allow
selected professionals, politicians and the media entrance to the most
sacred of sanctuaries. Here they can also study examples of seed samples and gain an understanding of the facility and the concept.
On a daily basis the entire vault is closed and it is opened only when
seed transports are organised 3−5 times a year; then the lights are
turned on in the offices and people from NordGen arrive and administrate the cataloguing and storage. Then the premises are once again
returned to their eternally dark existence.
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CHAPTER 5

Safeguarding our future
If you put money in the bank to secure your old age, you would perhaps permit yourself to spend a little of the interest, but if every year you succumb to
the temptation to spend a lot more money on parties and luxuries than you
earn in interest, you will quickly find yourself empty handed. Economists
will shake their heads at such behaviour. This is a good image for how we
operate our societies, at least when it comes to the biological natural values.
Capital is a word which for Adam Smith and Karl Marx was synonymous with man-made, easily marketable values. In sociology, Pierre
Bordieu speaks of man’s social, symbolic and cultural capital. But if
these great minds had lifted their gaze and envisioned a larger perspective when they created their concepts, they would have understood that human society’s most important capital is the biological
capital. It’s no good then having a bag full of money, great status, and
social and cultural insight if there is no food on the table and there is
nothing for which to trade the theoretical commodities. We hear all
the time about countries in economic crisis, but our attention is still
not focused on that which in the long term can be an even graver situation, specifically, a lack of biological capital. We do not only help ourselves to the interest earnings and dividends of the biological capital,
but we also eat from the capital itself. And we do so at our own peril.
The world’s population is steadily increasing; our numbers have already
passed seven billion. At the same time, large population groups are lifting
themselves out of poverty and into material prosperity. If all human beings
are to have the same standard of living as people living in the West today,
we will need 3.6 planet earths to produce enough resources! The increasing
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Women at work, Burkina Faso.

prosperity leads to a shift toward greater meat consumption, which in turn
requires that large quantities of grain go to animal feed. Beyond this, the climatic changes have prompted the use of biofuel, with the consequence that
large areas are expropriated for the cultivation of sugarcane, corn and soy.

Every man for himself
Up to now we have managed to keep up with the development through
technological advances which increase crops and livestock production and
provide better possibilities for the harvest of wild resources, such as fish. But
parallel to this, the lush rainforests are being chopped down at a furious pace
and the oceans in some locations, such as Newfoundland, are virtually out
of fish. Agriculture is carried out with such demanding intensity that the
earth’s long-term fertility is diminished. The CO2 levels in the atmosphere
are increasing markedly, a development which both leads to extreme weather, floods and drought, as well as causing the acidification and reduced productivity of the oceans. Important species are disappearing at an increasingly more rapid rate and we destroy cultivated fields.
In the Western world we have acquired an extreme throw-away mentality
in all links of the food chain. We have detailed norms for the size of carrots,
the curvature of cucumbers and the red colour of apples and all goods that
are not “perfect” are discarded. This also happens to commodities that do
not fulfil inflexible shelf-life regulations and packaging requirements. Food
is also so inexpensive for us as consumers that if there is something in the
refrigerator that we don’t want to eat, we just throw it away. In poor coun141
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tries the challenges are first and foremost poor logistics and warehousing
conditions, with high temperatures, dampness and large numbers of mice
and rats. All in all, this means that 40-50 percent, yes, in some countries up
to 80 percent of the food that is produced never reaches the table!
The human brain was moulded in response to an environment of small
groups on the African savanna, while today we have developed a global
society where the activity on one side of the globe has ramifications
for the other. We have grown accustomed to a life of small “in-groups”
made up of our loved ones. We thereby act according to the interests of
ourselves and our own family members. People in “the out groups”, in
other words, the society and world around us, do not really interest us
all that much in practical terms. If we can secure the goods that ensure
that we will have a good life, it doesn’t make all that much difference if
others whom we don’t know are suffering. The evolutionary biologists
highlight this as being a fundamental problem. It is also the explanation
for why we human beings are not able to take in the fact that the way of
life we have acquired today can quickly lead us into the sunset.

Three seeds will become billions,
even if the stock exchange
takes a dive.
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Corn seeds

Nonetheless, the game is not over yet. The most positive thing about
the current situation is that if the food that is produced had been
equally distributed among the entire world population, there would
still be enough for everyone. There are more countries that produce
more food than they need for themselves. But the surplus on the
world market is shrinking, both due to a higher rate of consumption
and due to climatic crises. We have therefore recently seen a couple of
periods with dramatically increasing food prices, which in turn have
been further compounded by international commodity speculation.
For us in the West, it does not matter all that much if a loaf of bread
costs a few pennies more, but for poor workers living in cities and
who cannot grow their own food, it means a crisis. They must spend
almost their entire income on food, while we spend a mere 10−11%.
Neither do those of us living in wealthy nations always behave according
to equally ethical standards in relation to the poor. We protect ourselves by
imposing high toll barriers on import from countries sorely in need of the
revenues, while we personally dump subsidised surplus food on the world
market at a price that beats out the competition of the poor farmers.
Cleaning of threshed sorghum, Mali.
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People in poor countries spend the majority of their wages on the most basic and necessary food types. In the West on the other hand, we spend only 10−12 percent of our
earnings on food, and also have access to luxury delicacies from the entire world. A village market in Kenya and a supermarket in Norway.
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Nature as a common heritage
Technological advancements have helped us to surmount many hurdles
up to now and we will probably still manage to postpone the final hour.
But if there is going to be a way out of the corner we are in the process of
painting ourselves into, it must be through understanding that it is necessary to play on the same team as nature and not fight against it. It is not
a matter of our learning, with an attitude of supremacy, “to treat nature
nicely”, but instead understanding that we are in fact a part of nature and
wholly dependent upon what it can provide in order to survive.
Nature has also an intrinsic value. It is a type of capital, independent of
what we are able to harvest from it at any given moment. This capital
can be a philosophical entity, but can also be a wholly tangible form of
biological and genetic diversity. Life’s development has created a treasure chest of species that are valuable in their own right, but which are
also the toolbox we must use to construct a new future for ourselves.
Biological diversity is a relatively new concept – we have believed nature to be so huge and inexhaustible that we can do whatever we want
with it without this having any consequences. Below us in the hierarchy lie perhaps two billion years of evolutionary history stored in
the DNA codes of countless organisms. Every day we humans eradicate perhaps more than one hundred of these species from the face
of the earth. Yes, new calculations from scientists indicate that in the
Amazon rainforest alone, one species disappears every 15 seconds
and we don’t even know about the existence of most of them! These
are just as irreplaceable as if you were to inadvertently delete and write
over a memory card in the camera with which you have taken some
outstanding photographs. The data has vanished. Forever.

A new story from which lessons can be learned is the
account of how a seed company managed to secure
exclusive rights on the international marketing of the
Ethiopian national grain teff. It all started when a Dutch
company discovered that teff was both gluten-free and
nutritious and recognised the potential for marketing it
in Europe. Based on international agreements, they negotiated a good contract with Ethiopia which resulted in
their gaining access to 12 types of teff, in exchange for the
country receiving a portion of the sales revenues and the
opportunity to take part in research collaborations. New
products were to be developed and breeding carried out
based on teff, but it would not be possible to take out a
patent on ordinary teff grain. Nonetheless, this was exactly what happened. The company acquired a patent
in Europe that encompassed essentially all common teff
flour, and products of teff flour were included in it. Immediately afterwards the owners gutted the company and it
was declared bankrupt. The patent is now used by two
new companies which the owners started immediately
afterwards, but since the agreement with Ethiopia only
applied to the original company, they felt no obligation
to share the profits. Due to legal technicalities and the
difficulties of navigating a foreign legal system, Ethiopia
has now in practical terms been pushed out onto the sidelines, even though there has been a breach of contract.
This shows that a lot of work remains to be done before
the scheme for agreements and corresponding practice
are as envisioned by the international community.

The seeds in our hands are our stars –
and more important than the planets
filling the Milky Way.
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A traditional type of Sorghum seeds are gathered in the highlands of Ethiopia. They will then be delivered to a local gene bank.
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The diversity must be safeguarded
“Within” agriculture, nature and man have worked together in tandem
throughout 10,000 years. Together they have created an enormous genetic diversity – which has produced the entire foundation for our civilisation. In general, it is the case for both wild and cultivated plants that
the more species and genetic varieties that exist, the greater the possibilities for finding the right combinations when the environment or
climate changes. The first breeding of plants was done in the same place
where the plants had their source and origin and they therefore had the
requisite conditions for thriving best exactly there.
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This fact has been a beacon for the international agricultural development
during the past two decades. There has been an investment in a larger selection of species and types, so as to create a broader register to play upon
for local adaptations. This applies particularly in areas where it is not possible to bring about ideal growing conditions for the most demanding
and high-output types. It has proven worth its weight in gold to have old
types and in some cases also closely-related wild species to revert to in
order to retrieve genes that provide the plants with greater adaptability.

The history of the Norwegian svedjerug or “burnt-earth” rye
is an illustrative example for how narrow the margins are before a species or type can be lost. The svedjerug is a special,
tall-growing type of rye (reaching heights up to one fathom)
that thrives in acidic soil and grows easily in fields cleared by
the burning of coniferous forests. The large coniferous forest areas in the North European boreal forest were therefore
well-suited for traditional svedjerug rye farming. This type
of rye accompanied Finnish immigrants from Russia via
Finland and Sweden to south-eastern parts of Norway in the
16th century. The Finns chopped down the forest in the spring
and allowed the trees to remain until midsummer of the following year. They would then burn the area and the grain
would be sown. The sheep grazed on the rye plants in the autumn to produce rich tillering and they overwintered. In the
late summer of the following year, the grain would be reaped.

But is it actually a simple matter to turn around and retrieve these genes?
No, with time professionals have come to understand that tens and hundreds of thousands of old, well-adapted types of grain and other crops have
fallen into disuse and disappeared forever in the course of a short period of
time. When the farmers, more or less of own volition, purchased the latest
trend in seed grain, the old types would disappear after only a surprisingly
short period of time. The hard facts tells us that the genetic inheritance in
agriculture has maintained itself well up until just half a century ago; subsequent to this a powerful reduction in the diversity has occurred, so-called
genetic erosion. Efforts have been made to estimate the scope of this loss, and
by FAO’s estimate as much as 75% of the biological variation that was produced in agriculture throughout the course of thousands of years may have
disappeared in the course of a few decades. But this is a difficult calculation
involving many variables, so the figures are uncertain.
In recent years, following initiatives from national gene banks, CGIAR,
and FAO, programmes have been implemented to track down and secure
samples of as many as possible of the old, gene reserves under threat of
extinction. These have been deposited in large and small seed archives regionally, nationally and internationally. Scientists can take out seed samples from here and use them in their breeding. And as an additional safety
net they send copies to the Svalbard global seed vault. Another important
thing that is often forgotten in this context is that it is also important to
preserve the old knowledge about how the traditional types are cultivated
and employed when they are being collected.

The svedjerug rye fell into disuse around 100 years ago
and no grain had been preserved. However, in an old sauna
for grain drying in the area of Grue Finnskog, ten small
rye grains were discovered in the 1970s that had hidden
away in a crack in the floor! These grains were meticulously gathered and sown. After a few nerve-wracking
days, it turned out that seven of the ten seeds had sprouted.
These seven, fragile seeds are the source of one of the few
svedjerug rye types cultivated in Norway today.
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Organic farmer Johan Swärd, Hadeland, Norway, demonstrates genetic variation in a “svedjerug” rye field. Note how the grain is the height of a human being.

Farmers in many parts of the world have difficulties making ends meet. They are nonetheless fond of their down-to-earth occupation. Akershus and Telemark, Norway.
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Long-term perspectives are important
What is the road ahead then? Shall the development be reversed and
the green revolution considered merely a parenthesis? No, it is not a
solution to return to the old-fashion system of organisation, where
each individual farmer or small society relied solely on their own
efforts and were at the mercy of climatic and biological whims. Access to first class seed grain, control of disease and thereby, enhanced
product quality, is important with an eye toward ensuring high and
stable crop volumes with a larger sales potential. The large international work investment that is now being carried out in this field is
therefore seeking to combine extremely different considerations in a
comprehensive policy and strategy. The local farmers must gain access to new knowledge about how they can best and most efficiently
use the soil. But this must take place in a sustainable manner. Beyond
this, it is important that the farmers retain the right to decide over
their own resources, in particular the genetic resources from local cultivated plants and their wild relations.
Another challenge is the increased influence of the agricultural of
industrialised nations. We must abandon the myth that bigger is always better. Recent experiences demonstrate that in large parts of the
world, modern agriculture carried out by relatively small units does
best, according to an overall assessment of stability in food production, preservation of diversity and demographics, and not least, safeguarding of the natural environment.
On the basis of these experiences, FAO has worked actively towards a
large degree of long-term management of seed sales. Working to collect and safeguard the seed diversity and to ensure the capacity and
knowledge to use it constitute an important objective. Funding is also
essential. Development and dispersal of national and regional types
is the most important, so that local farmers are ensured possibilities
to use types that are adapted to their fields to the best possible extent.
Since much of this work takes place on a partly non-commercial basis,
carried out by public and independent stakeholders (such as CGIAR),
the influence of the large, multinational stakeholders will potentially
be offset. A large portion of the activity has also been moved out of
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the laboratories and into the fields, parallel to an increased awareness
of the fact that the most important preservation of species and types
takes place through active use. This is indeed the original method of
upholding and developing diversity. The preservation of seeds in seed
banks is only a reserve solution. A number of plant reserves have also
been established to preserve wild relatives of corn and other grain
types. This has been done on the basis of the knowledge that the living wild plants, which are in continuous interaction with the forces of
nature, are better adapted and equipped to take part in the struggle for
life than seeds lying in a freezer.
It is estimated that the need for food in the world will be twice as great
in 2050 as in 2000. If many are released from poverty, even more food
will be needed. And the production must in practice occur within the
same amount of land area that we have today but with a reduced resource consumption of fertiliser and water! Succeeding at this will be
a demanding exercise, particularly when viewed in light of the countereffects of negative environmental factors. One of the most important
things required if we are going to manage this feat, is to intensify the
search for genetic variation and tailor-design types for all geographic
regions. Even more types must therefore be collected and bred, along
with the wild relatives. Beyond this, a systematic back-up must be carried out at all times, of seeds that will lie in seed banks around the world,
in order not to squander work that has already been done.
Simultaneously, more effective and predictable processes from breeding to regeneration and distribution of seed grain must be developed,
not least in developing countries. Beyond this, the communication
between the gene banks and between gene banks and plant breeders
must be improved. A special focus must also be directed towards discovering types and species that are little used, but which have an unexploited potential. At the same time, consumers must to a larger extent be encouraged to demand locally produced food and in particular
there must be a change in the distribution methods and attitudes in
the entire food production chain, so that the enormous amount of
spoilage can be reduced. Herein lies perhaps the most important, and
biologically speaking, the most sustainable, possibility for increasing
the amount of food in the world.

The starry sky above an olive tree in the French Pyrenees. Few other domestic plants have a life span closer to eternity than the olive tree. The tree can live for 1500−2000 years!
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Access to sufficient and the right kind of food is crucial to children’s health and development. Mealtimes also have an important social function.
From a Norwegian day care centre and a village school in Sri Lanka.
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The seed vault – the most important
room in the world
Human beings have in recent years described their own genes and the
genes of many other species. Also, the world famous scientist Craig
Venter, who was also heavily involved in mapping out the human genome, has for the first time created “artificial life”. But, he who thinks
that this means that man will soon be able to transcend and become
independent of nature will be quickly disappointed. The forces of life
are so unique and enormously complex that we will never be able to
liberate ourselves from our surroundings. Although some people live
their lives exclusively in asphalt and concrete jungles and believe that
we have virtually reached this point already, this is an absurd idea –
both practically and morally speaking.
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Give us the opportunity to create a future!

Although human intelligence and creativity can be astonishing, it
is always necessary to work on the basis of tools and references. An
archive containing the genetic jewels of greatest importance for a
foreseeable future will therefore have a value that exceeds by far that
which we can today assess in monetary terms. As criteria, today’s capital values are essentially too modest.
Regardless of what happens in the way of scientific advancement on
this front in the future, the significance of the seed vault in Svalbard
will only increase. The real, analogue commodity − the genetic codes,
sealed in nature’s own packaging, the seed − will never go out of fashion. The cold mountain hall with unassuming storage racks and anonymous boxes and crates, filled with the entire agricultural history of
mankind, is and will remain the most important room in the world.
Nothing more and nothing less.
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Time is your friend.
It always comes and gives you
another chance.

158

159

