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Man, weigh Thy weight in wheat.

   St. John Perse (1887–1975). French poet, 
Nobel Prize for litterature 1959

foreword 
by Cary Fowler
Executive Director  
Global Crop Diversity Trust, FAO

We are made by cereals and cereals by us. Several thousand years before the Pyra-
mids were imagined, grand civilizations arose on the foundation of an expanding 
agriculture. 

The Pyramids were indeed built on wheat (and barley) As noted in this book, 
30,000 workers, fueled by 30 tons of bread a day, toiled for 80 years to construct the 
Kheops pyramid.The great Swiss scholar of bread history, Max Währen, aptly 
described this pyramid a “bread monument”! So pervasive has the influence of cere-
als been on our history, that we cannot tell our own story without reference to them. 

As our ancestors undertook the perilous transition from a life of hunting and 
gathering to one based on tending crops, they entered into a symbiotic relationship 
with a relative handful of plants, and committed us to the same. These plants – rice, 
wheat, maize, potato, and others – became “domesticated”, largely incapable of 
spreading their seeds and surviving without us. In the words of Sir otto Frankel, we 
acquired “evolutionary responsibility”. 

Whether and how we exercise that responsibility will reveal much about our-
selves and our own future as a species on this planet. 

Charles Darwin opened his famous book, On the Origin of Species, with a chapter 
on the species people knew best: domesticated plants and animals. Conscious or 
not, Darwin’s contemporaries already understood how natural and directed selec-
tion influenced these species. It produced wonderfully different types of wheat 
and dogs! But Darwin understood the process behind the bark and the bread. He 
knew that selection required variability. Without variability – heritable differences 
– there could be no evolution, no new variety of wheat to stand up to the newly 
evolved pest or disease.

Poster by Gyorgy Konecsni 
(1908–70), for the Hungaian 
Communist Party, 1947. 
Bridgeman Art Library
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Failing to appreciate fully Darwin’s lesson, many people today equate “biodiver-
sity” with whales and tigers and anything found in their image of a tropical forest. 
Perhaps this is a harsh assessment, but I believe for many, biodiversity is visualized 
as the diversity between species. Not the diversity within species. It is pristine “wild” 
diversity, not the diversity of mundane beans. Not the several hundred thousand 
different types (“populations”) of rice or the 200,000 different types of wheat. 

It is this diversity that fuels continued evolution in the crops that feed us. DNA 
fingerprinting and sequencing is not only concerned with looming diseases or crimes. 
Many of the genetic mutations in this diversity are daily on our plates and palates. It 
is this diversity – presented in this book – that “stands between us and catastrophic 
starvation on a scale we cannot imagine,” in Jack Harlan’s memorable words.

How are we exercising our evolutionary responsibility towards this diversity? 
one is tempted to say “not very well.” However, in recent years several developments 
give cause for hope. We have an international treaty on the topic. A new institution, 
the Global Crop Diversity trust, is assembling a trust fund to support collections 
of crop diversity in perpetuity. And, the Norwegian government has constructed 
the Svalbard Global Seed Vault, where seedbanks from around the world are storing 
duplicate copies of their collections safe inside a mountain in the high Arctic, an 
insurance policy for agriculture and humanity against disasters large and small. 

These steps come not a moment too soon. Agriculture is facing an historically 
unprecedented series of challenges, from declining availability of water and energy 
to climate change. How will agriculture adapt and prosper in new environments? 
Darwin would have had an answer. In large part, crops will adapt through the process 
of selection, assuming of course, that variability still exists.

This is where seedbanks and the Seed Vault as well as plant breeders and farmers 
become central players in the big issues of the day. 

Not so long ago, my father (who is 90 years old) observed that “ingratitude” was 
the least attractive quality of humanity. He might have added that it is closely linked 
with taking something for granted. today, we take agriculture, its crops, and their 
diversity for granted only at our own peril. What a fascinating history they and we 
have had together, as presented in this book! With gratitude, and through acts of 
responsibility, this co-evolution will continue.

author’s preface
The title of this book needs no introduction. The words Our Daily Bread from The 
Lord’s Prayer has come to mean our relationship to food, irrespective of whether it is 
bread, rice, porridge or meat. Jesus’ intention was to warn against worries for tomor-
row – for most people then and many people today an overriding concern. The 20th 
century took this worry away for many to the degree that “our daily bread” became a 
question of yesterday. Since 2008 the “grain crisis” has made the world conscious of 
how important the “bread question” is for social stability and global development. In 
order to grasp this crisis, we need to be reminded of this history. Indeed, the word 
crisis in Greek originally meant to separate grains from chaff during threshing.
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The title might have been Our Daily Bread and Beer, since the two have followed each 
other closely and the latter may indeed be the older. The history of both grains prod-
ucts will be covered in the book, as well as the less praised sibs like porridge, gruel 
and others.

The backbone of the book is to describe the vast implications of the genetic 
changes in crops since agriculture started 10,000 years ago and how they are traced 
or present today. My specific academic field is plant breeding and genetics, but the 
implications take me far outside this. This is a translation of a book with a Nordic 
focus, but the scope is much wider. Moreover, I wish the text to be understandable 
for the lay reader, not presuppose familiarity with the subject nor academic training. 
By drawing on a variety of sources I tell stories, seeking the image more than the 
abstraction, the verb more than the noun. It is my hope to communicate essential 
knowledge and a sense of wonderment in the reader. 

The market abounds with baking books, but very few on bread. The classic is 
Heinrich Jacob’s Six Thousand Years of Bread (New York 1944), translated to numerous 
languages, but also marked by its age. Another classic is Jack Harlan’s Crops and Man 
(1992). The American historian Steven Kaplan has written pivotal studies of bread in 
French history. The Dictionaire Universel du Pain, edited by Jean-Philippe de Tonnac 
(Paris 2010) contains nearly all. These books have been my sources far more often 
than the references may indicate.

Indeed, a book with this perspective is essentially an impossible venture. A num-
ber of colleagues have secured facts by reading parts of the book. Among the many I 
wish to mention the Swedish plant breeder Gunnar Svensson, the Finnish geneticist 
Hannu Ahokas and the French breeder Alain Bonjean. The book was made possible 
through a generous grant from the Nordic Council of Ministers to the Nordic Gene 
Bank NordGen, facilitated by Morten Rasmussen og Agnese Kolodinskaja Brantes-
tam. I am deeply indebted to the Museum für Brotkultur in Ulm (Germany) and its 
Director, Dr. Andrea Fadani. By allowing me to use lavishly from their treasures the 
book has become much more lavishly illustrated than otherwise possible. My 
employer the Norwegian University of Life Sciences enabled the basic writing through 
a sabbatical in the University of Minnesota in 2008–09. This was also made possible 
through a Fulbright fellowship from the U.S.-Norway Fulbright Foundation for Edu-
cational Exchange. The publisher Vidarforlaget through its Director Gunnar Totland 
and the designer Aina Griffin have been invaluable supporters. 

Last, my co-translator the poet Timothy J. Young (St. Paul, Minnesota) has taken 
my crude translation into fluent English. Unless otherwise stated, all text is our joint 
translation. Poems where no author is mentioned, are all mine.

The book is dedicated to my teacher Dr. Agric. Knut Aastveit (f. 1921), professor 
of genetics and plant breeding in the Agricultural University of Norway from 1968–88 
and a leading force in Nordic plant breeding.

Ås, October 2012

Åsmund Bjørnstad
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blessing 
and TyranT
in the spring of 2008, astonished Western media  
started to cover food- and grain supplies as legitimate 
news. Financial dailies reported on bread riots in Cairo 
and the plight of rice farmers in Thailand. interest in 
food was no longer restricted to restaurant rankings, 
new gourmet products or concerns about health.

Foresighted investors had noticed that grain prices had been falling for decades,  
a trend they assumed would change at some point. Then, from 2005 to 2008 the world 
market prices for wheat tripled; rice quintupled.1 This quickly translated into higher 
prices in national and local markets. To no one’s surprise social unrest erupted in  
61 countries, with violent episodes in 23 of these. At least 17 countries passed restric-
tions on grain exports. Others removed import restrictions, and in June 2008 the UN 
precipitously convened a World Food Summit on the food crisis. This happened  
without any conspicuous changes in the supply of, or demand for, grains.2 On the 
contrary, worldwide, 2008 was a good year for grain production.

In the second half of 2008 the world financial crisis took over most of the public’s 
attention. A notable decline in grain prices also helped to fuel that crisis, even though 
grain prices remained quite high – impossibly high in many developing countries. 
Less visible were the intimate connections between the food and financial crises. 
Before the financial crisis exploded, grain markets with their high prices had become 
a financial safety net for those fleeing the sinking ships of the stock and financial 
derivatives markets. Although some grains were being used for fuels and linked directly 
to higher energy prices, this situation contributed less to the boom as markets became 
attentive and tense. When grain prices doubled again in the last half of 2010, the world 
was not so surprised. Was there not a devastating drought in Russia? However, at the 
end of the year there were no major changes in the global supply or demand. Were 
prices again inflated by the financial markets?

But no smoke (screen) without fire: The long term message was clear. Grains were 
becoming scarce – for all. For decades parts of the world had been allowed to forget 
what the Norwegian logger and poet Hans Børli called “the Earth’s most needful 
things”. As if that was anything new! Grains had been the cash and the gold standard 
– worth its weight in gold – since Babylon. Few issues have impacted history and 
created divisions within and between countries as has access to food; food which is 
often synonymous to grains.

Fig.1. Christian Krogh 
(1852–1925): The 
struggle for survival 

(1888–89). National 
Museum, oslo.

Nasjonalmuseet, oslo.
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After a century of a growth economy it is difficult to grasp life in former times of 
scarcity. Fig. 1 is not from Cairo in 2008, but from Kristiania (now Oslo) in 1888.  
A hand stretches out some still-warm bread, a heat source for the throng of freezing 
bodies. The frail children have no mittens. The fur-coated gentleman walking past pays 
no heed to the energy that is loose. 

One hundred years earlier, such riots unleashed the French Revolution.4 In the 
Ancien Regime there was a social contract between rulers and ruled. The people could 
accept unjust taxes, unwelcome drafts and casual injustice, but not hunger. The rulers 
were responsible for providing food, which for most people meant bread baked of 
good wheat (rye was not accepted in Paris). The average French person ate close to 
one kg of bread a day. Bad harvests, dearth and famine put the social order in peril. 
Ultimately, it was the responsibility of the king – the Supreme Baker – to provide for 
his people. This was why women marched to Versailles in October 1789 and brought 
“the baker, the baker’s wife and the small apprentice” back to Paris. If the King could 

Fig. 2. Global prices of wheat 
during the years 1872–2011 
(upper graph) and from June 
2003 – June 2012. The real prices 
declined throughout the 20th 
century except for three peaks: 
WW I and WWII and in 1972–73, 
“The great grain robbery”, when 
the Soviet union purchased huge 
amounts of grain on the world 
market after a catastrophic harvest 
in the ukraine and SW russia. Just 
after the year 2000, world grain 
prices probably were at a historical 
minimum, yet noticed by few. In 
2008 the peak almost reached 
WWI (1916–18) levels. Source: 

International Food Policy Institute, IFPrI.3
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Fig 3. Alexander Debelle: Du pain! 
(Bread!) (1838). The riots in the 
French national assembly during 
october 5–6 1789. 
Source: Museum der Brotkultur, ulm.

Grain: from the Latin granum, the 
hard, and is a collective term for 
all species. The German equivalent 
is Getreide (formerly Geträgide), 
from the verb tragen, to carry 
or bear (“what the land bore”). 
The French word froment comes 
directly from the Latin fromentum, 
wheat. The other Latin term, 
cerealia, is named after the roman 
grain goddess Ceres.

Bread: Most likely from the Indo-
European bhr-ew, to cook, bake, 
as in broth or brew or the old-
German brauda, to brew, i.e. to 
leaven or ferment.

May you have bread and salt: 
Common greeting of Jewish 
origin, to wish good luck.

see what was really happening, he would address his people’s plight. When Voltaire 
pointed out that the King did not rule the grain supply any more than the weather, 
the people were unimpressed. Grain was the sovereign tyrant of the king and his 
people. The famous statement ascribed to Marie Antoinette – “If the people have no 
bread, why don’t they eat brioches?” – is actually a quote from Rousseau.5 Brioches is 
the luxury bread par excellence, its only liquid being eggs.

The baguette, which the 20th century has put on everyone’s table, was the bread of 
the upper class. Ironically, in our time, they enjoy as slow food the once detested coun-
try bread. But the century did not start like this. In 1898 bread riots in Milano cost 
the lives of 24 protesters and then King Umberto 1st. Mussolini’s successful Battaglia 
del Grano – which doubled wheat production from 1923–32 – secured his popular 
support. Only in 2006 was public price control of bread abolished in Italy.

To understand the pivotal changes in 2008, we need to understand the history of 
bread, which is about more than what we put on our plates. Bread has put its imprint 
on language and society in ways we rarely reflect on. In classic civilizations, the devel-
opment of alphabets and writing, numbers and calculus, specialized professions and 
social hierarchies are all linked to the husbandry of scarce grains.

In Western societies grains are not only the bases for bread and beer, but they are 
the cornerstones of animal production and a virtually infinite variety of products, on 
menus and in industry. On a world scale 50 per cent of grain production is used for 
food, 33 per cent for feed and the rest for industrial use and bioethanol. But the grains 
have the double face of Janus. Since 2008 the number of undernourished human 
beings has exceeded one billion. At the same time on the opposite end of the scale a 
similar number suffer from malnutrition through nutritional imbalances that cause 
obesity, coronary diseases, and diabetes. For good and bad, what is the role of grains 
in our diets?

In the history of the grains we will find an intricate web of genes, wills and the 
vicissitudes of Nature that together have made our history.
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The 
diversiTy 
OF grains 
“The human species is now a grass seed eater. We have 
become canaries”, wrote the american biologist Jack 
harlan (1917–98), who devoted a lifetime to the study  
of domesticated plant evolution.7 it may be worthwhile  
to refresh our acquaintance with these seeds.

Wheat is only a glorified grass

  – A.H. Reginald Buller6
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The family tree
The grass family accounts for more than 9000 species with a diversity that spans from 
thirty meter bamboo to the timid, two centimeter snow grass in Arctic glacial water, 
from the reeds in the desert sands of Iceland to the tropical savannas, and the dozen 
or so species that we call grains. The grass family’s most distinctive feature is the limb-
like structure which is plainly apparent in bamboo. With ends called nodes and an 
internode between them, each “limb” contains the basic plan of the grass plant: stem, 
root and shoot primordium. Each limb may, if conditions permit, become a new grass 
plant. A modern family tree is shown in fig. 4.

The banana family is the closest relative to the grass family. Around 70 million years 
ago, at the time of the dinosaur extinction, these two families diverged from a common 
ancestor. At that time the grass ancestor underwent a doubling of the number of its 
chromosomes – i.e. a doubling of the genome and the number of genes – and most likely 
ended with 12 chromosomes. (Such genetic earthquakes are recurrent in the Plant 
Kingdom and especially in the grass family). Next, the family split into three subfami-
lies, some ancient, others more recent. Rice formed its own lineage around 50 million 
years ago and still has 12 chromosomes. We find maize in another lineage, which sepa-
rated from sorghum and sugarcane around 11–12 million years ago. They have 10 chro-
mosomes (sugar cane may have various multiples of this). Some 30 million years ago 
a third lineage, with a basic number of 7 chromosomes, arose in the northern hemi-
sphere during a period of global cooling. This lineage acquired the ability to tolerate 
frost and cold and is dominant in such regions to this day. Temperate cereals – wheat, 
barley, and rye – belong to this lineage, as do numerous forage and meadow grasses, 
and oats. Many species in the wheat group are quite young. Wild emmer, the progeni-
tor of cultivated emmer and durum wheat, is less than one million years old. Bread 
wheat is a newcomer, having arisen in cultivated fields some 8000–9000 years ago.

Fig. 4. A family tree of grasses, 
simplified with the most 
important grain species. 
Brachypodium is a model grass 
used in research. Chromosome 
doubling has been a recurrent 
event in many of the lineages.

banana Oats Wheat baRley bRachyPOdiuM Rice Maize sugaR cane sORghuMFescque

dOubling OF chROMOsOMe nuMbeR

Genome: the total content of DNA 
in all the chromosomes in the 
nucleus of a sex cell of a species. 
Since each individual receives 
DNA from each parent, it has two 
genomes, which we call a diploid. 
In addition come the far smaller 
genomes in chloroplasts and 
mitochondria.
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Portraits of the family heroes
Distinguished families have their Hall of Fame, and so do grasses. Let us inspect them 
in a Nordic sequence, and start with some basic Nordic and global statistics from the 
year 2008.

Fig. 5. Grain harvests in the Nordic countries in 2008 (thousands of tons) according to species 
and country. The Icelandic barley crop is to small to be included, but nationaly very important. 
Barley and oats dominate in the North, wheat and rye in the South. Source FAoStAt June 2012.

Fig. 6. The main grains, globally and in some major producing countries. The uS is clearly on top 
for maize, China for rice, Eu for wheat. Source FAoStAt June 2012.
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Fig. 8. Spikes of two-rowed barley. 
Photo: Åsmund Lindal

Fig. 9. Grains of two-rowed 
barley. Photo: iStock

Fig. 10: two-rowed (left) and  
six-rowed barley with floral parts.  
From Flora von Deutschland, Österreich und 
der Schweiz (1885).

One barleycorn: Anglosaxon 
length unit, three barley corns to 
one inch.

Several names of beer resound in 
the Norse poem Allvismàl from 
The Poetic Edda:

Men call it ‘Grain,’
The gods, ‘Corn,’
In the world of the Wanes, 
‘Growth;’
By giants, ’The Eaten,’
‘Drink-Stuff ’ by elves,
And in hell ‘The Slender Stem’.

barley
Barley (fig. 7–10) is the oldest and most widely grown grain in the Nordic region, 
although wheat exceeds it in total harvest. Barley is blonde and Nordic, and is easily 
recognized by its long awns – thin, rough “hairs” that protrude from each spikelet. 
They are actually elongated nerves of the glumes – leaves – that surround the flower. 
We have two kinds of barley: those with two rows of single grains, and those with six 
rows (actually two rows, but with three grains per row). 

Worldwide, barley is the fourth most important grain in production (160 million 
metric tons), and it is the most widely distributed, from the moist and cool Faroe 
Islands and Iceland to the semi-deserts of Syria. In Ethiopia and Peru it grows at alti-
tudes of up to 4000 meters. Until the 1920s, six-rowed barleys were grown in Alta in 
Northern Norway at 70 degrees latitude, a historical world record. While Denmark is 
the major Nordic producer of barley, Canada is the global leader. In North Africa and 
Ethiopia, in Tibet and in the Andes, barley is mainly a food grain, often from the naked 
seed varieties that have no adhering glumes, which adds to their nutritional value. 
Barley is used mainly for animal feed, or for malting and brewing beer. As a forage grain 
it is so important that 1 kg of barley is called one forage unit, against which other feeds 
are measured. In recent years research has pointed out the many wholesome effects of 
barley as a food grain.

Barley may be sown in autumn and spring. Winter barleys dominate in Western-
Europe, but are not hardy enough north of Denmark and southern Sweden. Today 
six-rowed barleys are expanding quickly in North-Scandinavia and in Iceland.

Historically, barley was the most important food grain in the Nordic region, where 
it was consumed as porridge, dry flat bread or beer.

Behind the names of each grain there are layers of history. The word corn is used 
universally as the name of particular country’s most important grain. Hence, the 
Swedes still call barley, korn, while Danes and Norwegians now use the old Norse 
name bygg (bjugg), which means “that which is grown”. The English name, barley, is 
probably older still. The old English bere descends from the Latin far and the Indo-
European bhar, which reminds us of the name of that important barley product, beer. 
The German name, Gerste, also refers to yeast and brewing. The Norse name bjor is but 
one of the many names used in Allvismàl (see left). Another familiar name is ale (øl in 
Scandinavian languages).

A barley cell has 14 chromosomes, 7 from each parent, which is equal to one 
genome. The seven chromosomes contain almost 6 billion base pairs (twice as many 
as humans). In another perspective these 7 DNA-threads have a total length of 180 
cm and most likely contain some 32,000 genes.

Fig. 7. Spikes of six-rowed barley. 
Photo: Åsmund Lindal
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Fig. 11. Spikes (ears) of bread 
wheat and spikelets with floral 
parts. From Flora von Deutschland,  
Österreich und der Schweiz (1885).

Fig. 12. Grains of bread wheat. 
Photo: iStock

Durum means hard – meaning  
too hard to mill. Bread wheat was 
often called “soft wheat” (in 
French blè tendre) since it was 
crushed more easily. today  
most bread wheats are also hard – 
more about these confusing  
terms on p. 167.

wheat
Wheat (fig 11–12) is the grain most-used for bread worldwide. Some speak of the 
“imperialism of wheat”, since it expands compared to other grains. However, only 
35% of all wheat is eaten by human beings as bread and other foods. Twice as much 
is fed to animals. The largest producers are China, India, USA and Russia. The largest 
importers are Japan and Egypt. Wheat dominates the international grain trade. Some 
110 of the 250 million tons of traded grain is wheat. The US and Canada supply 
45–50 million tons of high quality wheat. A recent competitor in this regard is  
Kazakhstan, with its 10 million tons.

Wheat may be autumn or spring-sown. Autumn sowing means a longer growing 
season and higher yields, if the seeds survive the winter. Autumn varieties will also 
mature before the spring-sown varieties. and they tolerate severe winters. They have 
large foot prints all the way up to central Scandinavia, with a toe print in Iceland. Until 
the 20th century, wheat was but a minor grain in the Nordic countries and Germany, 
and it was grown only in the most climatically favorable areas. Today it is the most 
important grain in the region. We must largely credit the American prairies for mak-
ing a commonplace staple. To compete with the imports, wheat cultivation, especially 
autumn-sown, expanded strongly in the Nordic countries and Germany. Most is used 
for animal feed, but there has also been a great improvement in baking quality.

Its name means “the white (grain)”, as indicated by the English wheat and the 
German Weizen, which stress its unique ability to make white bread. As with rice and 
maize, whiteness is cherished. Viking lords and chieftains served “thin, white wheaten 
loaves” on their tables. Wheat also earns its high esteem from its ability to be leavened 
(“lifted”), and through its claim on the more fertile soils in the more pleasant climates. 

Sometimes what we know as wheat is called bread wheat, since there are a numer-
ous wheat species. Bread wheat has 42 chromosomes, a multiple of 6x7, which we 
recognize as the basic genome in barley. In other words, with some 17 billion base 
pairs, the wheat genome is three times larger than that of barley. The oldest European 
grain that arrived in the younger Stone Age, some 6000 years ago, was emmer wheat. 
It has 28 chromosomes (i.e. 4x7 or 4 genomes) and two grains per spikelet, while 
bread wheat has 3 to 5 grains per spikelet. A slightly younger form of emmer is durum 
wheat, which is widely grown for pasta (some 10% of the total world wheat crop). 
Our ancestors also grew einkorn, a slender plant with one seed per spikelet and only 
14 chromosomes. In the 1960s both emmer and einkorn were sensationally discov-
ered in Gotland (Sweden). It was mixed with spelt, a close relative of bread wheat. 
Spelt has been the main grain, the Korn, of the Alps since the Bronze Age. 
Spelt, emmer and einkorn all have glumes that tightly enclose the 
seeds so that the whole spikelet is harvested. Hence, dehulling 
is required prior to milling, unlike the free-threshing 
bread and durum wheat. The oldest free-
threshing wheat in Europe – older than
spelt – was club wheat, which was 
also cultivated up to 1900. 
These relic species now 
enjoy a revival.
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oats
Oats (fig. 13–15) is a Northern grain. They originated in the Levant and West-Asia, 
but came to Northern Europe as a weed in grain fields and as feed for Roman cavalries, 
hence, its vernacular name horse grain. The Nordic region as a whole, ranks third, 
globally, as a producer behind Russia and Canada. Since the demise of the work horse, 
oats have declined dramatically and now account for only one per cent of the total 
grain production, and it is mostly grown for feed. 

Everyone recognizes oats for its branched panicle – I’m the oats, for I carry bells, 
sung the Danish poet, Jeppe Aakjær. In each “bell” there may be 1–3 seeds. When the 
“hulls” – the glumes – are removed, as in rolled oats, this grain is the most wholesome 
of all grains. Like barley it is rich in dietary fibers (betaglucans), but also in unsaturated 
fatty acids, antioxidants and it has the best proteins of all grains.When used for dairy 
cows, oats make the milk fat more unsaturated and the butter softer in the refrigerator.8 
In China oats are fast-increasing as a food grain used in noodles or mixed with rice. 
In England it has also been a traditional grain for brewing beer. The most varied oat 
traditions are in Scotland.

The word oats (often in singular, oat) has an uncertain origin. The most likely root 
is its Latin name Avena, like the French avoine, or the Russian oves (pronounced nearly 
avos). By a consonant change, v became t and vowels also changed place. The Nordic 
and German names havre and Hafer come from the Latin caper, meaning goat or ram, 
which again point to animal feed.

All Nordic oats are spring-sown, and Finland is the major producer. Winter varie-
ties do not grow much further north than England and Wales. Since oats represent 
another lineage in the grass family (fig. 4), it has few diseases in common with wheat, 
barley and rye and, therefore, is very important in crop rotations. Oats are thrifty – an 
old adjective meaning to do well with little –  be it in cool climates or poor soils. Oats 
tolerate a pH down to 4.5, but surprisingly, it also tolerates alkaline soils up to pH 9 
in the Hebrides and China. 

Like wheat, oats have 42 chromosomes per cell, 21 from each parent (3 genomes 
x 7 again!). However, the genome is considerably smaller, “only” 13 billion base pairs 
and the three genomes differ more than in wheat. Like wheat it has forgotten “sib” 
species with 14 or 28 chromosomes. In the Hebrides we find a relic diploid oat once 
commonly grown in Scotland and Atlantic Europe.

Fig. 13. Black oats with dark 
glumes were common up to the 
20th century. Photo: Åsmund Lindal.

Fig. 14. Spikelets of oats. The 
glumes surrounding usually two 
grains are removed prior to 
processing for food. Photo: iStock

Fig. 15. oat plant with floral  
parts. From Flora von Deutschland,  

Österreich und der Schweiz (1885).
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rye
Rye (fig. 16–18), like barley, has long awns, but the seeds have no hulls (attached 
glumes). Like oats it is a relative newcomer among grains, domesticated in northern 
Europe. Some 2000 years ago it was a weed, hitch-hiking with the wheat or barley 
harvest, and adopted by virtue of necessity. Although wild or weedy rye was found 
already in Abu Hureyra, (10,000–8300 BC) in the Euphates Valley in Syria, it did not 
show its merit before reaching higher latitudes. In Medieval times rye (plus barley for 
malt) was the principal grain traded by the Hansa merchants who ruled the Baltic and 
the North Sea countries, with Poland as the major producer. Globally, rye is a minor 
cereal, today, even less than oat – some 17 million tons, of which some 60% is pro-
duced in Germany, Poland and Russia, while Finland is the major Nordic producer. 
Rye has had a boost in yield the past 20 years since the introduction of hybrid varieties 
from Germany.

Rye is, therefore, an “eastern” grain and autumn grown, and like oats it is thrifty. 
It is very hardy and survives frosts and rusts, but not deep snow cover. The old swid-
den (slash-and-burn) agriculture in Finland was made possible, due to rye’s tolerance 
of acid soils in the burnt spruce forests. Rye bread, baked fresh with sour dough or as 
a diverse array of hard knäckebröd, is a distinguishing feature of the diets in the coun-
tries on the Baltic and into Russia and Poland south to the Ukraine. The bread is tasty 
and durable, but does not produce gluten, so 100% rye bread demands skilled bakers. 
Fortunately, they are many.

Rye may have problems of acceptable quality in rainy harvests. Since the straw is 
tall and may lodge, it may sprout and be unsuited for baking. The long straw has been 
used for mats, roof-thatching, drinking straws or even children’s flutes. Rye is also a 
growing source of bioethanol.

 The origin of the names rye and the old English ryge (like the Scandinavian rug/
råg and German Roggen) was recently traced to the Finnish ruis, meaning reed.9 

Rye is diploid, but its 7 chromosomes genome is a bit bigger than in barley or 
einkorn wheat, some 7 billion base pairs. 

Rye wheat (Triticale)
Rye wheat is a recent grain species and the result of an old dream – to unite the su-
preme baking quality of wheat with the hardiness of rye. Rye wheat was first discovered 
and described by the German researcher, Rimpau, in 1888. Later, it was produced 
artificially by growing an otherwise aborted seed embryo on a medium, with the 
chromosomes subsequently doubled artificially. Thus, wheat with 42 chromosomes 
and rye with 14 gave the first Triticale 56 chromosomes. However, it had reduced 
fertility, which improved greatly after WWII when durum wheat (28 chromosomes) 
was used as a ‘mother’, hence the current Triticale has 42. This new species now rivals 
rye usage in old rye countries like Germany and Poland, and in global production. 

The Triticale dream has only partially come true. Like rye it is indeed hardy, but 
it does not produce high quality bread or pasta. The rye proteins decrease baking 
quality so much that it is used mainly for crackers or as feed grain.

Fig.16. Mature spikes of rye.  
Photo: Åsmund Lindal.

Fig.17. Grains of rye, without 
hulls. Photo: iStock

Fig18: rye plant with extruded 
anthers, showing its open 
pollinating and cross fertilizing 
nature. From Flora von Deutschland, 
Österreich und der Schweiz (1885).

to hybridize two such species  
may indeed appear to be an act  
of hubris. A more modest 
approach would be to introduce 
the hardiness genes from rye and 
leave the rest of the wheat genome 
untouched. The replacement, or 
“translocation”, of the short arm  
of rye chromosome no. 1, with its 
wheat counterpart, has worked 
with tremendous success. Such 
wheat-rye translocations make 
wheat plants very productive  
and are now present in a large 
share of European winter wheats. 
unfortunately, the rye genes  
that lead to lesser baking quality 
are also located on that same 
chromosome piece. This means 
that such wheats are used mostly 
as a feed grain.
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rice
Rice (fig. 19–22) is the most important grain used as human food. More than three 
billion people eat rice every day. It supplies 21 per cent of our calorie needs, in South 
East Asia up to 76 per cent.10 Although rice was grown in China at least 7000 years 
ago, it is still unclear if it has more than one origin. Rice imbues Asian history and 
societies. The most familiar type of rice is wetland or irrigated rice, which grows in 
standing water on river plains or in terraces, where rice seedlings are transplanted at 
the age of 4 weeks. Water comes from rivers, or rainfall. Artificial irrigation allows two 
crops per year, one during the monsoon, and one in the dry season, which provides 
a greater harvest because of its clear skies. Often the field can provide a third rotation 
with a crop such as potatoes. In the southern USA rice fields are planted from  
airplanes, after the fields have been leveled by lasers.

So-called upland rice nourishes some 100 million people and depends entirely on 
rain. An older variant of rice cultivation – presumably the oldest – is swidden rice, 
which today is found in the mountainous areas of Laos and Borneo. Upland rice seeds 
are broadcast like temperate grains, whereas the swidden rice is sown one seed at a 
time into a hole made by a stick, the way rye was once planted in Finland.

The annual production of so-called paddy rice is about 685 million tons. The 
dehulling of glumes removes 20 per cent of the weight. The polishing of seeds removes 
another 10 per cent. Less than 500 million tons remain for human consumption. Most 
rice is consumed in the country where it is grown. Only 6 per cent, 30 million tons, 
enters the world market. Thailand and Vietnam top the list of exporters, with the US 
as a surprising third. This scarce supply for the world market contributed to volatile 
rice prices in 2008, and although the prices have increased at a lesser pace in 2010–11, 
they are still very high for many consumers.

Outsiders often fail to perceive the extent to which rice is part of Asian everyday 
life and cosmology. The name comes from the Latin Oryza and is derived from the 
Tamil arisi, meaning raw rice. As cooked rice it is called soru. This distinction is com-
mon. In Sanskrit the dual words are vrihi and annam – hence, the name of the rice 
goddess Annapurna.11 The Chinese language also has two characters for rice; each 
with a slightly different connotation (fig. 20). 

Consumers want their favorite combinations of shape, color, texture, and taste: 
long grained, round, red, brown, white, sticky, dry, jasmine, basmati. Within each of 
the main groups there can be multiple adaptations, such as rice for dry soils, or acid 
soils, for brackish water, or glacial or deep water. No other species of grain has such 
strict and diverse quality demands. The huge gene bank collection at the International 
Rice Research Institute (IRRI) in the Philippines contains more than 120,000 dif-
ferent rice varieties.
As seen in Fig. 4, rice had diverged as a separate lineage in the grass family over  
50 million years ago. Rice has 12 chromosomes and, compared to other grains, a very 
small genome, “just” 389 million base pairs (a mere 2 per cent of the number in 
wheat). For that reason rice genome projects were started in the 1990s with the goal 
of identifying all the genes in the rice plant. The full sequence – the catalogue – of all 
chromosomes was published in 200512 and it is a landmark in cereal research.  
Rice contains about 40,000 genes and fast progress is being made identifying the 
unique functions and variants underlying the astonishing and visible variations. 

Fig. 19. Panicles of rice. Photo: IrrI.

Fig. 20. Chinese characters for 
rice: Left rice as a plant, right rice 
as food, symbolized with someone 
dehulling rice in a mortar.

Fig. 21. rice grains in different 
colours. Photo: iStock.

Fig. 22. rice plant
From Biolib.de/Afbeeldingen der  
artseny-gewassen met derzelver Nederduitsche  
en Latynsche bescryvingen (1800)
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maize
With production at 823 million tons, maize (fig. 23–24) is the grain with the highest 
global production. However, it traditionally holds a lower status than wheat or rice, 
because so much of it is used for animal feed, industrial uses and, more recently, 
bioethanol. More than a third of all maize (37% or 307 million tons) is US corn,  
followed by China with 166 million tons. Maize has always been the grain in Latin 
America, and during the past 200 years it has achieved a similar status in many parts 
of Africa. American history from north to south is closely linked to maize since it was 
domesticated in Mexico some 8000–9000 years ago.

As with rice, quality requirements are strict. “Races” of maize are based on the 
shape, color and hardness (texture) of the grains. As in other grains, some variants are 
“hard” and often “glassy” (vitreous), others “soft”, “chalky” or “floury”. These qualities 
reflect the different ways of packing starch and proteins in the endosperm and the 
hardness of the seed coat. The seven main races of maize are:

Floury maize – often round to indented seeds, densely packed on the cobs.
Dent maize – seeds are harder than the floury maize seeds and often clearly 

indented like a tooth.
Flint maize – seeds are round to droplet shaped, and hard and vitreous inside.
Pop maize – is the hardest. Seeds are smaller and the coat so hard that when heated 

it becomes a pressure cooker. When the water inside the seed boils, the seed will 
extrude or “pop”.

Pod maize –an older type with long glumes protruding among the grains, giving 
the cob a brush-like appearance.

Waxy maize – a type with altered starch composition and a wax-like endosperm. 
Sweet maize – this is a vegetable which accumulates sugars because of its reduced 

ability to make starch. 

Maize has a rich palette of colors (fig. 23, 71). Where it is a staple food, in Latin 
America and Africa, the color should be white. If grains are dark blue, the tortilla or 
gruel will be blackish. Yellow maize is considered an animal feed.

All races of maize (except waxy, which originated in China) were developed prior 
to Columbus. He took flint maize back to the Old World, where it spread quickly in 
Southern Europe and then on to Asia and Africa. In Africa its use has increased quickly 
over the last 50 years at a rate of about one per cent per year. During the 1990–99 
decade, its use increased at 2.9 per cent per year.13 One unique feature of maize is that 
it is both a vegetable and a grain. After a 50 day growing period, the cob may be eaten 
fresh during the “the hunger period” as it is called in many languages, which is the 
time when the previous year’s harvest has been completely eaten and the new harvest 
awaited. In northern Europe maize is primarily harvested for silage and has now made 
a significant footprint on the soils of southern Denmark and Sweden. In areas further 
north sweet corn is the only race grown.

Maize has ten chromosomes, and its genome is six times that of rice. A prelimi-
nary map of the 2.3 billion base pairs and approx 32,000 genes was published in 
2009.14 Due to the use of F1 hybrid and transgenic (genetically modified) varieties, 
maize breeding is very profitable, which allows a research investment that is unpa-
ralleled with other crops.

Fig. 23. Cobs (spikes) of 
Mexican maize. Photo: CIMMyt.

Fig. 24. Maize plant with  
male flowers (tassels) on  
top of the stem and female 
flowers (cobs) with pro tru-
ding stigmas (silks) on side 
branches. From Flora von Deutschland, 
Österreich und der Schweiz (1885)
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sorghum and millets
These cereals are often “grouped”, meaning at best “of less importance”, if not outright 
overlooked. However, several species have founded civilizations and are staples for 
many. They have rather small and sometimes minute seeds and are among the most 
tolerant to harsh or hot environments. 

By far the largest species is the very drought tolerant sorghum (Sorghum bicolor) 
which originated in east Africa around 3000 BC. It ranks fifth among the world’s  
cereals (65 million tons) and is grown in 98 countries, with the US on top (18%). 
Sorghum also has numerous races based on the huge diversity in external appearance. 
The genome (sequenced in 2008)15 counts 0.8 billion base pairs, twice that of rice 
and one third of its older brother maize.

The millets comprise at least 15 species domesticated on three continents and on 
all the branches in the “grass family tree” (fig. 4), except rice. The proso millet (Panicum 
miliaceum) was first, domesticated in north of the Yellow River in China around 8000 
BC. Due to its drought and cold hardiness it was the cornerstone of the first Chinese 
civilization. Around 6000 BC foxtail millet (Setaria italica) became the major staple 
of northern China for four thousand years. In West Africa pearl millet (Pennisetum 
glaucum) was the first domesticated grain (by 6000 BC) and not much later tef  
(Eragrosits tef) became and remains a staple in Ethiopia. Half a dozen millets also 
originated in India. The millets were soon appreciated by many. By 5000 BC both 
proso and foxtail millet had reached northern Europe. Sorghum and pearl millet 
spread along the “maritime silk road” into Asia. The millets are still appreciated by 
millions of farmers who face the harshest conditions on the planet.

Although millets are relegated to the most harsh of environments, large improve-
ments are possible. HHB67, the first hybrid variety of pearl millet in India was released 
in 2005. In 2011 smallholder farmers along the Thar Desert in Rajastan and Haryana 
grew it on 875,000 hectares. This gave them an added value of 13,5 mill USD. In addi-
tion comes 6 mill benefits to the smallholder hybrid seed producers. This is more in 
one year than the total research and development costs – including genome mapping 
in England – from 1990–2005.16

Fig. 27. Proso Millet and Indian 
barnyard millet (a serious weed). 
From Flora von Deutschland, 
Österreich und der Schweiz (1885).

Fig. 26: Foxtail millet.
Photo: © C. tom Hash.

Fig. 28.
Millet seeds.
Photo: iStock

Fig. 25. Finger millet.
Photo: © C. tom Hash.
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Sowing – here on a spring day, although often done in autumn. 
An all-in-one planting machine tills shallow furrows into the soil 
while it deposits fertilizer and seeds. Note that the soil has not 
been ploughed. There is debris from last year’s crop on the surface. 
This counteracts soil erosion, sequesters carbon and saves fuel. 
The disadvantages are that the young plants are exposed to weeds, 
and to diseases from the dead tissue. Photo: Åsmund Lindal

The young plants grow profusely in the rows made by the plant-
ing machine. To capture as much sun light as possible during 
spring, it is essential that they cover the ground as fast as possible 
by making side shoots – tillers. In this the autumn-sown grains 
have a clear advantage and give higher yields. A well-developed 
stand should have 400–600 spikes per square meter. Where sea-
sons are short, the time for tillering is minimal, therefore more 
seeds must be sown to develop a dense stand. Density also means 
better competition with weeds, if not controlled chemically by 
herbicides. Photo: Åsmund Lindal

Detail of spikelet of wheat 17 days after flowering. The upper 
spikelet has four flowers spaced along a short side branch. Below 
the lower flower has been dissected with the glumes and the 
growing grain. Photo: Wheat – the big picture.org

Spikelets of oats at flowering. The anthers are hanging out,  
although both oats, wheat and barley are self-pollinating crops, 
fertilized by their own pollen (rye is strictly cross-fertilizing). 
Photo: Charlene Wight, Agriculture Canada, ottawa.

The spikes (ears) usually emerge some 60 days after spring plant-
ing, but sheltered by leaf sheaths, have been forming for weeks. 
Stresses, such as a lack of water or nutrients at that stage, may 
severely reduce the number of spikes, as well as flowers and grains 
formed. Since their product – the number of grains per square 
meter – is more important than the seed weight per grain, a large 

FrOM grain TO grain
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share of the yield has already been determined when spikes  
appear. Later stresses can affect seed number and seed weights. 
The tracks in the field were made by the planting machine, which 
allow later fertilization or fungicide sprayings, in order to ensure 
good grain filling. Fungal diseases may “harvest” photosynthetic 
products otherwise found in the yield. Photo: Åsmund Lindal

Lodging is a serious problem since it may reduce the efficient use 
of light and delay maturation, as well as harvesting. If a field 
lodges early, it may start to tiller again and produce green shoots 
that mature later. In wet harvests mature seeds may sprout and 
be destroyed. Photo: Åsmund Lindal

An iconic image of large scale grain harvesting with a combine. 
Photo: iStock

 Straw is a valuable resource. In this case the straw has been baled 
so it can be packed in plastic and treated with ammonia for a 
much more digestible feed. Straw may also be burnt as a biofuel 
or used for making paper or for construction. Photo: iStock.
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the family chroniclers
From Linnaeus to Darwin
For 10,000 years human beings have inflicted deep changes to the animals and plants 
they have come to depend on. This occurred locally, gradually and without intent. 
Progress would depend on the emergence of plants that were unexpectedly productive 
or attractive due to their innate nature, not their fortunate nurture. It is difficult for us 
to understand how little they may have understood about the progress they made. 
Since antiquity the immutability of species was part of their very mindset. This is how 
it appeared to Carl Linnaeus (1707–78): Species were the way the Creator saw them 
as “good” in the Garden of Eden. But in 1742 the young student, Magnus Ziöberg, 
came to him with a specimen of common toadflax (Linaria vulgaris) collected from 
the Roslagen area in Sweden. All traits – anthers, pistils, colours – indicated that it 
really was a Linaria, except that flowers were open and symmetrical. What had hap-
pened? “This is just as remarkable as if a cow should bear a calf with a wolf ’s head.” 
Linnaeus felt “an irresistible inclination to behold this plant alive”.17 He named it Pelo-
ria mirabilis, and it caused learned disputes far beyond Linnaeus’ own time. Not much 
later in 1790 Goethe advanced the idea that aberrations – later called mutations – were 
the key to understanding the normal state of things.

The way in which Charles Darwin(1809–1882) changed our view on species and 
evolution through natural selection is now an almost innate part of our mindset. What 
is less known is that he devoted the first chapter of his Origin of Species (1859) to the 
astonishing wealth of mutations in domesticated plants and animals.

In 1868 he returned to this subject in another book, The Variation of Plants and 
Animals under Domestication.18 Its main thesis is that animals and plants change over 
time as a result of natural, as well as a man-directed, evolution. The raw material in the 
process is the heritable variation between different individuals, but that the environ-
ments modified by human beings allow a different and much broader array of variation 
to survive. Feral dogs quickly become undistinguishable in appearance, compared to 
the multitude of true breeds. Conversely, humans have selected the types of grains 
and other plants that suited their preferences, but which would not have survived the 
natural environments. Hence, wild species must have their potential variability choked 
by the yoke of survival. Darwin termed these changes domestication (from the Latin 
domus, house), i.e. they were not only “tame” and bred in captivity, but had permanent 
changes in traits.

Gregor Mendel
What was the “substance” inherited across the narrow bridges between generations? 
Darwin adhered to the blood theory, which had prevailed from Aristotle up to the work 
of Gregor Mendel (1822–1884). It holds that inheritance connects generations 
through the blood or, in the case of plants, some other vital “fluid”. Red crossed to 
white gives pink, i.e. a “dilution” to “half-blood”. In other words it could explain the 
gradual nature of variation. Mendel’s genius was to simplify the question. By disregard-
ing gradual differences, he divided variants into clear-cut classes, either-or. He chose 
an experimental organism, the cultivated pea, which possesses a bounty of different 

Fig. 29. Carl Linnaeus (1707–78) 
on his Lapland journey, dressed in 
a Lappish outfit. Painting by 
Hendrik Hollander, 1853.

Fig. 30. Charles robert Darwin 
(1809–1882) at the age of 45, 
when he was writing On the Origin 
of Species.
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mutations: red or white flowers, dwarf or tall, round or shriveled seeds etc. Besides it 
is, like most grains, self-fertilizing, which simplified the experiments immensely. One 
cross of red by white flowers was enough to study its mode of transmission in later 
generations, without new pollen being imposed from outside. The progeny, from the 
mentioned cross, would be fully red, not pink, but one generation later one quarter 
of the plants would have pure white flowers, the other red. In other words no “dilution” 
had occurred. Mendel proposed that inheritance was by a kind of “particles” – Anlage 
– that themselves passed unchanged through generations, but combined in different 
ways. Each individual pea plant has two “factors”. They may be similar (red or white 
in double dosage or homozygous), or one red and one white (heterozygous). The 
latter will appear red since the ability to produce color is dominant to inability (the 
recessive). Thus he could explain the regular 3:1 ratios, a principle later called Mendel’s 
First Law. His Second Law – the principle of independent genes – followed from this 
and explained more complex ratios, such as 9:3:3:1 as due to two factors (in fact 
(3:1)2!) And it could produce new types not seen in the parents.

Mendel published his work in Brno in the current Czech Republic in 1865, only 
to go unnoticed until the year 1900 when his work was rediscovered and the Laws of 
Mendelian inheritance were soon put to use. The Dane, Wilhelm Johansen, coined the 
term gene to replace the Anlage, and the Englishman, William Bateson, called the 
emerging science genetics. It unleashed an immense creative force.

Nikolai Vavilov 
The Russian Nikolai Vavilov (1887–1943) was one of the pioneers of genetics and 
one of the greatest biologists in the 20th century. His guiding idea was that, in order 
to improve plants, one had to select from as wide a diversity as possible. To do so he 
had to collect them. In so doing he developed a theory about where domesticated 
plants and, thus, agriculture had originated. Archaeology or old documents might tell 
us where and how this had happened, but the plants themselves have disappeared or 
are only charred remains. Instead, Vavilov’s approach was to compare the current 
variation in a species and read it as a textbook of evolution.

In the years 1916–1940 he travelled to Afghanistan and India, Africa and China, 
South and North America and Europe and collected as many seed samples as possible 
to take home to Leningrad (St. Petersburg). There he built the world’s largest gene bank. 
He did extensive testing across the entire Soviet Union and he studied the diversity of 
domesticated plants so that he might channel useful traits into breeding. He wished to 
alleviate the abject poverty which he witnessed in the Russian countryside.

His collection trips were often dangerous and strenuous, as he travelled into 
remote mountainous landscapes, accessible only by horseback or on foot. 

Vavilov’s main adversary was Trofim Lysenko (1898–1973), whose “Marxist 
genetics” was favored by Stalin. In 1940 Vavilov was jailed and in 1943, during the 
900-day Leningrad siege, he died of starvation in prison in Saratov. From 1941–44 
one third of Leningrad’s population, about one million people, died of cold and star-
vation. Among them were 30 of Vavilov’s seed bank curators, who never touched the 
samples. The rice expert D.S. Ivanov was found dead among thousands of packages 
of rice from all over Asia. Little did they know that one of the primary German aims 
was to seize the gene bank.

Fig. 31. Gregor Mendel (1822–
1884). 

Fig. 32. Nikolai Vavilov (1887–1943) 
(right) in Ethiopia, together with 
Prince ras tafari, the later Emperor 
Haile Selassie. In 1927 on journey in 
Ethiopia, he sat in his tent each night 
and recorded the day’s observations. 
one night he noticed that his lamp 
had attracted scores of scorpions, 
which had entered the beds of the 
sleepers. Without moving, Vavilov 
woke up the guard who had fallen 
asleep, and handed him his lamp –  
the scorpions followed the light out 
the tent. The next day they had to 
cross the Nile, where five meter  
long, sleek crocodiles waited for 
horses and riders. His helpers fired 
into the river and killed enough 
crocodiles to keep the rest of them 
busy eating their kin while Vavilov’s 
party waded across the river with 
horses and seeds. 
Photo: Vavilov Institute, St. Petersburg.
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The genetic world map
Through his travels Vavilov found that some parts of the world were exceptionally rich 
in heritable variants. Wheat and barley varied most in the Middle East, rice in Asia, 
and potatoes in the Andes, where they also had wild ancestors. Were these the origi-
nal areas from where they had spread? Vavilov drew a world map displaying the  
diversity and pinpointed eight such gene centers of origin (fig. 33). They were mostly 
mountainous and climatically diverse areas in the Middle East, Ethiopia, South 
America and China. Human selection had fostered variants suited to the wealth of 
niches that agriculturists had to cope with. His map also had striking coincidences 
with the historical and archaeological record. Vavilov also noticed the parallel evolu-
tion among cultivated plants. People tended to choose similar mutations in different 
crops. Both the rice and the pea farmer disliked seeds that shattered and fell to the 
ground. They had eradicated that tendency. On the other hand they appreciated big-
ger or better tasting potatoes and grains. From this Vavilov concluded that if a variant 
is found in cultivated barley, it is likely to be found in wheat or even the distant rice.

Over time Vavilov’s theory of gene centers has been revised. A domesticated  
species does not need to have arisen only once. Molecular genetics has become as 
important a lens as archaeology or history for developing detailed photographs of the 
past,– just as Vavilov had imagined a hundred years ago. We see the emergence of 
three great civilizations where agriculture originated: first in the Middle East, then in 
Central and South America and in China. Very likely we also need to include India 
and a large share of Africa (from Ethiopia and westwards), but that knowledge remains 
too rudimentary. Different plants were domesticated across the globe. How this hap-
pened in each grain species will be the topic of the next chapter. First we need some 
tools and concepts of diversity.

Fig. 33. The genetic world map 
showing the most important  
gene centers in cultivated crops –  
often coinciding with their areas  
of origin
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Diversity: Genes in the bank 
The map that Vavilov drew in crude lines depicts the diversity of cultivated plants.  
The UN’s Convention of Biological Diversity (1992) is an international treaty for the 
global heritage of diversity in living things, from mountain barley to deep water rice 
and to fish. Each nation is obliged to conserve its diversity, but it also retains the 
privilege to develop it, e.g. utilizing discovered genes in medicines or more nutritious 
foods. A nation may also claim royalties from benefits that accrue when their “own” 
genes are used in other countries.

Because the Convention encompasses cultivated species, this brings some difficul-
ties. Many of the cultivated species have, for millennia, travelled worldwide. Wheat 
originated in the Middle East, but today grows in 185 countries. Even though some 
producers, such as the Solomon Islands or the Emirates, are minor, wheat species have 
now adapted to a far wider array of living conditions than are “at home”. Since no coun-
try is served by closing its doors to the diversity of such a species, an International Treaty 
on Plant Genetic Resources for Food and Agriculture was passed in 2001. Its goal is to secure 
and promote mutual access to the genes that everyone depends upon. By 2011 the treaty 
has been ratified by 142 countries, with China as a notable exception. China also denied 
the inclusion of soybeans, of which China is the country of origin. Another goal is to 
secure and utilize the more than 6 million seed bank samples stored in the world’s 
1700 gene banks. The Global Crop Diversity Trust has the mandate to implement the 
Treaty. It supports gene banks all over the world, and without doubt, the most noted 
project is the Svalbard International Seed Vault which was established in 2008. This 
“doom’s day vault” is a long-term seed storage facility in permafrost, some 120 meters 
inside a mountain. Nations and institutions from all over the globe may access and store 
their heritage seeds, as backups in case of disasters at the primary storage facilities.

Since 1984, the Nordic gene bank NordGen has a “copy” vault in an abandoned coal 
mine in the same area. Its mandate is to safeguard the diversity which has developed in 
the region over millennia, including past and recent varieties of grains. In addition,  
it holds some 10,000 mutations developed and described through Nordic research. 

Fig. 34. The entrance to the 
Svalbard International Seed Vault. 
Photo: The Global Crop Diversity trust.
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The molecular diversity
The rediscovery of Mendel’s work initiated a half century of intensive research into 
the physical basis of heredity. Thomas Hunt Morgan (Nobel prize 1920) demon-
strated that genes occur in linkage groups. In 1931 the then 29 year-old Barbara Mc-
Clintock proved that in maize, these linkage groups were identical with the chromo-
somes. (Her Nobel prize in 1983 was in medicine, although all of her research was in 
maize!) The intensive search for the gene culminated in 1953 with Watson and Crick’s 
incredibly beautiful model of the double helix DNA molecule, which is now familiar 
to most school children.

A few basic features of the molecule are depicted in fig. 36, which shows the famous 
winding staircase. The steps in the “staircase” are the bases that form four possible 
bridges called base pairs, as shown in the figure:

A:T A:T C:G C:G T:A A:T …

The winding “backbone” in the molecule – phosphate and a species of sugar – is always 
the same and need not be spelled out. The base pairs, however, do vary and must be 
recorded with great precision. We call their order the sequence and to find it, “to se-
quence.” In this example with a mere six base pairs, we may derive 46 or 4096 different 
sequences! Magnified to real-life size with genomes up to billions of base pairs, it 
becomes easy to understand that the number of possible genomes is unfathomable 
and that to sequence a genome is no trivial pursuit.

One of the achievements in the past decade of grain research has been the publica-
tion of some of the genome sequences. The rice genome published in 2005 was a 
seminal event for rice, but also for cereal genetics as a whole. The rice genome contains 
about 389 million base pairs distributed on 12 chromosomes (DNA molecules). How 
was it possible to find “the right” rice genome among the 4389000000 possible – a figure 
far exceeding the number of protons in the universe?

It is evidently impossible to start winding from one end of such a thin “thread” 
and sequence-while-you-go. One needs to start from smaller fragments and try to join 
them. The cutting may be done by physically shearing it, by enzymes that cut it at 
specific places, or by shorter gene sequences that are expressed in a given tissue. Since 
DNA from many cells is mixed, the fragments will have many overlapping copies.

By sequencing them, one may identify the overlaps and paste them in the right 
order. A first requirement is to have enough DNA of each fragment, so it must be 
“multiplied”. This is done by inserting it as an extra chromosome hitchhiking in a 
bacterium, or by so-called polymerase chain reaction (PCR) technology, the real work 
horse in current molecular biology. Today’s sequencing machines amplify (increase) 
each DNA fragment in picoliter (10-11 liter!) volumes and sequence them directly. 
However, such fragments are currently small, at most a few hundred base pairs, so one 
needs many to get all the billions of base pairs in the correct order. To use an analogy: 
If Tolstoy’s War and Peace covers approximately 1500 pages, each with 2500 characters, 
the total text will be 3.75 million characters. Let us assume we know the alphabet, but 
not the language, and we assume that the work is one well composed whole with no 
vain word. If the text was not a well-bound book, but loose fragments, each containing 
about 100 characters, with much effort we might still reconstruct the full sequence of 
events. War and Peace is so an absorbing that we would bear with the unavoidable gaps 

Fig. 35. These are not aquarium 
fishes, but the 14 chromosomes 
(DNA-molecules) of rye grouped 
in 7 pairs. They are highly 
condensed in the process of 
division to become pollen, and 
visualized with a blue DNA-stain. 
The tips (telomeres) and the 
central parts (centromeres) of the 
chromosomes have a different 
sequence and, thus, fluorescence. 
Photo: Dr. Pat Heslop-Harrison, 
university of Leicester.
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in the story. To make sure that all parts of the text were available, we should take care 
to include overlapping fragments from more than one single book. In genome 
sequencing a tenfold coverage is desirable to have every fragment at least once.

We may also imagine the dimensions if we translate the 389 million base pairs in 
the rice genome into meters. With a distance between each base pair of 3.4 Ångström 
units (10-10 meter, one in ten billion), the rice genome would be 13 cm long. The 
genomes of barley (6 billion base pairs) or wheat (17 billion) would be 1.8 and 5.8 
meters long.

Having done all this, we need to identify each gene in this endless sequence. Com-
puter programs search for gene sequences based on similarities with already known 
genes. In this way one has arrived at about 40,000 genes in rice, each with an average 
size of 2941 base pairs. Current research is focused on identifying the functions in 
which tissues they are actively expressed and their variation between individuals.

But rice has at least 35% more DNA than is needed to contain these genes! Here 
is another paradox in higher plants. Rice contains at least 16,000 DNA sequences with 
no apparent function in inheritance.19 Each sequence may occur in thousands of cop-
ies throughout the genome, often “layered” inside each other like in an extremely 
complicated quilt or a Chinese box. They may be sorted in families based on similar 
sequences, indicating a common ancestor. Some resemble retroviruses like HIV, that 
move their DNA in and out of the DNA in a host cell, with the (happy) exception that 
these mobile genetic elements cannot infect other cells than the one that contains them. 
Through generations they have moved back and forth between chromosomes. Often 
they use the “copy-and-paste” principle: They make a copy which travels, while the 

Fig. 36. two DNA molecules  
with a SNP-mutation: The upper 
G:C has become A:t below. 
underneath, a sketch of the way 
from DNA to chromosome, 
involving multiple rounds of 
coiling around a protein scaffold.
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original remains where it was. In this way the quantity of DNA will increase. Other 
elements use “cut-and-paste”, they simply move to a new location. Usually such ele-
ments are quiescent, but they may be alerted by abrupt changes, such a environmen-
tal stresses or drastic events like chromosome doubling. Elements wake up or turn off 
genes, so-called epigenetic imprinting, or they remove them permanently. Upon leav-
ing they may carry with them pieces of the gene they resided in. The purpose of this 
genetic mobility is one of the current riddles in genetics, especially since it blurs the 
well-established frontiers between heredity and environment, nature and nurture.

One may easily find traces of this genetic tourism. Most genomes appear like a 
mosaic of DNA pieces. The sorghum genome is twice the size of rice – mostly due to 
mobile elements.20 The largest of all cereal genomes – wheat’s 17 billion – is 46 times 
bigger than rice, but 80% is such “contentless” repetitive text. If the wheat genome 
corresponds to War and Peace, the rice genome would be a short story of 35 pages.

Reading this short story, we would be annoyed if 35 per cent were random inser-
tions of meaningless text, like incessant advertising breaks on TV. This would, of 
course, make it difficult to follow the story. If the program consisted of 80 per cent 
advertising breaks we would probably give up watching. Hence, the wheat genome is 
sequenced one chromosome at a time. The first sequenced chromosome (3B) alone 
is three times that of the whole rice genome.

The outcome is that the real genes lie more or less scattered in a desert, or at 
least a steppe of mute, information-poor DNA. Still the tentative gene numbers 
differ surprisingly little: maize and barley 32,000, sorghum 35,000, rice 40,000. 
Evolution is in many ways careful and conservative. The basic life processes – and 
hence the genes – do not tolerate drastic changes, nor is it necessary for each species 
to reinvent the wheels that have brought them safely through the past. If a gene is 
known in rice, you will most likely also find it in wheat or maize. The familiar sticky 
rice used in sushi, comes from the waxy mutation also known in all the other cere-
als. This confirms the great foresight of Nikolai Vavilov, and today it is an important 
tool in searching for genes.

The emerging picture is that DNA molecules vary considerably over individuals 
as well as over time. They divide faithfully upon cell division, but may also double in 
number, they may become silent, active, mutate or be lost. We may trace periods of 
fast genome changes and periods of peace and quiet.

The cereal genomes: an endless variation.
The outcome is that there is an enormous amount of DNA sequence variation which 
evolution may work on. In fig. 36 we see that one C:G in the upper molecule has been 
replaced by a T:A below. A main task of genome research is to identify such mutations 
called SNPs ( “snips”, for Single Nucleotide Polymorphisms). And they are numerous! 
A comparison of two sequenced rice genomes showed 2–3 million SNPs, in maize up 
to 50 millions! They are inherited as simple Mendelian genes, and with machines we 
may identify and trace them in populations and fingerprint individuals.

That an A:T becomes a T:A or G:C, will usually have little impact on the “survival-
of – the-fittest” or human utility. Since so much DNA does not have any outward 
hereditary effect, most mutations will be neutral and pass unnoticed. The needle in 
the haystack of SNPs is to find those that have an impact on important traits. 

Fig. 37. Six rowed barley.  
Photo: iStock.
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history celebrates the battlefields whereon we meet our 
death, but scorns to speak of the plowed fields whereby we 
thrive; it knows the names of the kings’ bastards but cannot 
tell us the origin of wheat. That is the way of human folly.

Henri Fabre

grains and 
CiviliZaTiOn
We know the ancient civilizations through precious objects  
or the impressive ruins of their buildings, but we do not know 
the energy it took to erect them. That energy came from con-
centrated plant food, usually grains, rich in starch and proteins. 
These grains had a natural adaptation so it appears as if they  
were created, specifically, to be adopted by and adapted to, 
man-managed agriculture. but man also had to adapt to them.
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Fig. 38. Detail of Egyptian wall 
painting depicting agricultural 
scenes. From the grave of Mennas. 
Photo: Gianni Dagli orti/CorBIS

the origins  
of grain cultivation 
The Rift Valley, which extends from southern Africa, through Ethiopia, the Red Sea, 
the Dead Sea, up the Jordan and Bekaa Valleys till it ends in the Afrin Valley in Syria, 
is closely associated with human history. The first human beings may have stretched 
their backs in the Rift of East Africa. The first agriculturalists may have bent them in 
the northern end. In the museum of the ancient city of Aleppo, in Syria, there are 
excavations from 50,000 year old sites. From the Dederyieh Cave, on the Afrin Valley, 
Neanderthal hunters could follow the movements of gazelles and wild goats. Only 
some tens of thousands of years later we find bones of wild oxen or boars. Grains are 
rare among their numerous plant remains.21 Two children, once buried in the cave, 
now rest in this museum.

The Neanderthals gave way to their cousins from the south, the Cro Magnon. 
About 20,000 years ago they had reached the southern cone of South America and 
the edge of the glacier covering northern Europe. They were hunters and gatherers. 
They fished and collected fruits, roots and berries.

With many items on their menu, their diets were diverse. Three to four hours a 
day was usually sufficient (at least for the men) for their survival. They had good health 
and our stature and life expectancy. However, upon entering the “Grain Age” their 
health declined. Epidemics and nutrient deficiencies became common and their teeth 
broke or filled with cavities.

The reasons for this are much debated. Did grains and other rich, starchy foods 
lead to a loss of health, because they were not biologically adapted to such foodstuffs? 
If that is the case, are we? Do today’s conditions, such as obesity, diabetes or celiac 
disease stem from a diet with too much, easily digested starch? On the other hand, 
class hierarchies and a monotonous diet aggravated the decline in quality-of-life. Poor 
urban dwellers, more or less, subsisted on grains. Hygiene was miserable in their dense 
settlements. Could this be at the root of the frequent myths of a lost Golden Age?

To be sure, the hunters-gatherers had plenty of space. If lived like this today, we 
might have only 10 million people on the Earth. 

So why did they quit such a comfortable life? Can it have been anything else than 
dire need?

From gathering to long-term planning
Due to intensive hunting (the mammoth and mastodons were long gone) people 
gradually shifted to more food gathering. This brings us back to the Middle East and 
the region which, from its shape, we call the Fertile Crescent (fig. 39). It extends from 
Anatolia and the Taurus Mountains in Turkey and the Jordan Valley in the west, over 
the Damascus oasis and the Euphrates Valley in Syria, to the “country between the 
rivers”, Mesopotamia, to the Zagros Mountains and into Iran. The core area is the 
“Levantine corridor”, the interface between the Mediterranean coastal climate in the 
west and the steppes further east. This is where the wild cereals abound. Here began 
the first gathering of grains. Here, the oldest settlements were established. Wild barley 
and emmer grew in the open oak forests in the west. Further north wild einkorn and 
wild rye grew, while the more drought tolerant wild barley abounded in the east. These 
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grasses were “pre-adapted” to human use, to become grains: big, starch-rich seeds, 
easy to store and easy to reach. The oldest preserved seeds are 33,000 year old emmer 
from Mount Carmel in northern Israel.

There we also find Ohalo II22 – one of the oldest known settlements, dated 21,000–
18,500 BC. It was found in the Jordan Valley, about nine kilometers south of Tiberias, 
and surfaced in 1989 when the Dead Sea fell to more than 212 meters below sea level. 
Houses had foundations (and the world’s oldest beds!) and, more important for us, 
plant and animal remains were well preserved in the salt mud. Excavations unearthed 
large quantities of wild grass seeds – not only grains, but also the small seeded grasses, 
which dominate in number, if not in weight and energy. Often they have marks of 
being charred. The menu included wild emmer and wild nuts such as acorns, pista-
chios, almonds and olives. The list was not that different from the things Jacob 
instructed his sons to bring into Egypt in exchange for grains (Genesis 43:10): “… a 
little balsam, a little honey, gum, tragacanth, resin, pistachio nuts and almonds.””The 
species on their menu reveal their gathering strategy. Grains grew in the winter and 
matured in spring, the nuts in the autumn, and both kept for a long time. It was an 
annual provision.

In academic terms this diverse diet is known as the broad spectrum revolution.23 As 
large game became rarer, it was supplemented with smaller, easier to catch species, 
and a wider palette of food plants. Their menu, therefore, was of a variable quality. The 
first phase of this new lifestyle was mere gathering. The “production” of wild plants 
may have begun when they burned down the understory of the forests to chase out 
the game. Wild grains emerged from the ashes. Their abundant starch made them able 
to quickly establish and colonize the open ground. A next step would be to have a 
deliberate burn, in order to promote such harvests, and perhaps sow seeds in the ashes. 
The first tilling of the soil may have started in this way. The emergence of a weedy flora 
– well documented in the archeological layers – are signs of such a process.

Fig. 39. Map of the ancient Middle 
East. The oldest grain cultivation 
began along the arc called the 
“Fertile Crescent”. Karacadac is 
situated between the tigris and 
Euphrates rivers; Abu Hureyra is 
on the Euphrates; ohalo II is in 
northern Israel.
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In his classic book Crops and Man24 Jack Harlan describes how this changed the 
mindset. For gatherers efficiency is measured in time, walking distance, and quantity; 
in other words – tactics. Food was a scattered resource. For farmers efficiency is meas-
ured in space, in quantity from a certain piece of land, a certain crop, and a certain 
animal. In his/her perspective, food became a more concentrated resource. It allowed 
more surplus and more control, but also a new risk. The hunter and the prey are on 
equal terms. What counts is the knowledge of the habits and trails of the animal. To 
sow a seed is to become dependent on the earth and the long waiting for harvest. 
Although the transition was by no means sharp, it engendered irreversible changes in 
social structure and population size.

Excavations, such as Ohalo II, show this gradual transition among the gatherers 
– but the pace was slow, compared to what was to come. One important factor was 
missing: domestication – plants and animals were still wild.

Grains make humans settled
How was the gathering actually done? One morning in the 1960s Jack Harlan set out 
to see how much wild einkorn wheat Stone Age people in Karacadag (fig. 39) could 
harvest in one day. With a sickle and a sack, he got to work. He was astonished at the 
result: one kg of cleaned grain per hour, a far more nutritious grain than what is now 
cultivated. A family could gather a year’s supply in a few weeks, but it would also make 
them less mobile. The harvest was heavy.

We easily envisage semi-wild people with flint sickles cutting their wild grains. 
Sickle and grain are twin symbols to us, but may be this is not the way it started. 
Sickles have been found in Abu Hureyra (10,000–8300 BC) in the Euphates Valley 
in Syria, but were they actually used for harvesting?

After all, wild plants do not intend to feed us, but to see their seeds spread. When 
spikes mature, a certain abscission tissue dries and becomes brittle, so that seeds fall 
to the ground (fig. 42). Equipped with long and rough awns they will dig themselves 
hygroscopically into the soil to avoid rodents and other hungry creatures. This means 
that if a woman came with her sickle, seeds would shatter, unless they were immature 
when taken and later dried. No doubt it may have been done this way, but the harvesting 
time was short and plants matured at different times.

Another famous experiment was done by Hillman and Davis25 in the 1970s in 
eastern Turkey, not far from Karacadag. They found that collecting seeds from the 
ground was less efficient than simply allowing them to shatter straight into a basket, 
which is the way practiced by most seed gatherers today.

Working hours increased to five to six hours per day – for the men, (for women 
far more.) First of all, the tight hulls had to be removed by heating and then pounding. 
Then they had to be ground in a saddle quern. 

Abu Hureyra – an ancient archive on the Euphrates 
About 10,000–12,000 years ago, domestication picked up – the transformation of 
wild plants and animals into domesticates. In Abu Hureyra we may follow this process 
from its first millennium. At that time people lived in settlements year around. They 
lived in caves or grottos in groups of 100–200 – in other words, not a kind of “base 
camp” for otherwise nomads. This presupposes intensive harvesting and a rich  
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Fig. 40. Woman using a saddle 
quern outside Khartoum in 1936. 
Photo: Library of Congress, G. Eric and Edith 
Matson Photograph Collection.

Fig. 41. An Egyptian sculpture: 
milling grains with a saddle quern. 
one person (usually a woman) 
could dehull and grind at most 
2–3 kg emmer or barley per day. 
Excavated skeletons from antiquity 
show signs of wear at a young age 
due to this burdensome toil.  
Photo: Museum der Brotkultur, ulm.
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resource base, which again made the population increase (birth intervals typically 
increase from four years among hunter-gatherers to two among settled farmers). 
Hunting was still important, especially for gazelles. Their diet comprised at least 100 
plants, gathered in different seasons. However, small seeded grass gradually gives way 
to large seeded grains.26

After about 300 or 400 years, the climate became drastically cooler and drier, the 
onset of the time period called, the Younger Dryas. The reason remains a riddle. One 
theory is that a massive “extraterrestrial object” exploded in the atmosphere over 
North America at around 10,900 BC.27 This ignited huge forest fires and an extinction 
of many large mammals on that continent. The global shock waves may have led to 
the marked cooling in the Middle East. Seasons became more marked, vegetation 
more drought-tolerant, the important oak forest savannas declined. There were fewer 
game animals. In other words, the food supplies became scarce. The excavations at 
Abu Hureyra depict this long and relentless drama. First the types of seeds collected 
in the woods declined, then the wild lentils, the wild wheat and rye, while dry land 
species increased. Only the seeds collected on the river banks hardly changed. This 
meant less diversity and more laborious harvests carried from further away.

So what could people do? Better habitats were probably occupied by others. Then, 
about 9000 BC, seeds of drought sensitive weeds start to increase. With them the grains 
– wild rye – return, and later, lentils.

In other words, there must have been an active cultivation of hard-to-get plants. 
Most likely, this took place close to rivers in valley bottoms, where water could be 
collected during the rainy season. Wild rye was abundant. This may be due to its stress 
tolerance, its naked seeds and because it shattered less. At the end of the Younger 
Dryas, rye and lentils were accompanied by einkorn, and when Abu Hureyra was a 
dominant site, two thousand years later, emmer, durum wheat, millet, barley and peas 
were the major food plants.

The climate trap forced people to fight for their livelihoods. The cultivation and 
tilling of land gave a steadier and more controlled food supply, but it also demanded 
more work: burn and dig and fence and sow and weed and harvest… and ownership 
of the grains that grew, which presupposes boundaries. This was not entirely new – 
current hunter-gatherer societies also respect what people mark as “theirs”. Still, they 
became more conscious of territories. Another price to pay was more people to feed. 
At its peak Abu Hureyra counted 4000–6000 souls. They lived in family compounds 
up to 50 m2 with several rooms (including granary and barn). These were multi- 
generation dwellings, to a degree unfamiliar to us. The dead were often buried under 
the floor (in Abu Hureyra often only the skull). The society appears egalitarian, with 
little social stratification and marked boundaries, but with common functions such 
as grain drying. This was now an irreversible path toward sedentary and, later, urban 
environments based on a surplus from agriculture.

Grains are tamed: Was there one cradle, or several?
In the museum in Aleppo there are objects from Abu Hureyra, Mureybit and Tel 
Halula – all Stone Age towns from the pre-pottery period. There are sickles and  
arrowheads of flint, a 40 cm wide mill stone – and old grains. The deepest excavated 
layers contain wild grains, like the ones we know today. Gradually they change shape. 
They become heavier and rounder, maybe because tilling dug them deeper in the soil. 
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Heavier seeds with more energy would then have a competitive advantage. Furt-
hermore they had to emerge quickly in order to secure themselves space. A long  
dormancy, so common in the wild, would mean suicide in a densely sown field. In 
barley there are basically two genes that condition dormancy. The mutations that 
turned off those genes, must have occurred early. In the agricultural environments 
natural selection took another course, but how fast is controversial. Besides mostly 
external changes, like shattering and seed size, are traceable in excavations.

So, was it a one-time leap, or were there many? Again opinions differ. One argu-
ment is straightforward: A common mutation frequency is one in a million. With 200 
seeds per m2 it is likely that a non-shattering plant may arise within 1–2 hectares per 
year, but it will face a problem. It is a flag for birds when all the wild types have hidden 
on the ground. If plants were harvested while immature, selection for the mutation 
would be very inefficient and the transition to non-shattering types would be slow. 

Again it is worthwhile to walk up some old paths. Hillman and Davis28 also har-
vested mixtures of cultivated and wild einkorn. Only when a sickle was used or whole 
plants pulled did the non-shattering variety have a selective advantage and increase 
in frequency. The latter also provided straw, which was important when mixed with 
clay for building houses. Only when non-shattering occurred at an appreciable  
frequency (1–5 per cent) would it be likely that conscious selection would speed  
the process. Even without human assistance, Hillman and Davis estimated that the 
transition to non-shattering crops would take a generation (which at that time 
was 30 years), or in a worst case 200 years.

The oldest non-shattering seeds of barley – from Abu Hureyra around 7500 BC 
– are usually mixed with wild. From that epoch and place we also find another key 
mutation, from the wild two-rowed barley to the cultivated six rowed barley (Fig. 
7–8): one large seed was replaced by three situated beside one another. One big seed 
would have a competitive advantage in the wild, however, three times more seeds 
counted more for people. This mutation soon spread to Mesopotamia and Egypt, to 
Ethiopia and Europe. The DNA sequence published in 200729 shows that it most likely 
occurred once and that two-rowed were cultivated first, an idea suggested by the  
Danish archaeologist Hans Helbæk in 1959.

Such genetic changes set the grains on a no-return route. They could no longer 
survive without people caring for and harvesting them – nor could people survive 
without these grains. Still, archaeology indicates that some grains have a single cradle, 
others more than one. This can also be visualized by molecular relatedness among 
fingerprints and in gene sequences. If cultivated forms have arisen in one place and 
spread from there, they may resemble most the wild still occurring there. In that case, 
we may also trace a founder effect (genetic bottleneck): If cultivated forms stem from 
a few individual mutants in one area, they can only carry with them a fraction of the 
total heritage in the species.

The first DNA study of this kind was done by Heun et al. in 1997.30 That group 
compared wild, feral and cultivated einkorn from throughout its range, and they found 
that the cultivated form was closely related to the wild form in Karacadag. In other 
words: Did the ancestral and decisive mutations happen there? Karacadag is near the 
famous settlements, further west in Turkey, where, “Agriculture’s Big Bang” occurred. 
Here, in the core area of the wild species, which stretches north towards the Caucasus, 
(not southwards to the Jordan valley), is found evidence of the earliest cultivated 
einkorn, dated to right after the Younger Dryas.

Fig. 42. Barley spikes showing two 
basic mutations: Left: brittleness, 
spikelets shatter like the wild 
species; right: naked seeds, glumes 
do not adhere to the seed. Photo: 

Even Bratberg, uMB

Fig. 43. Spikes of two ancient 
wheats: Mature emmer and green 
einkorn. Photo: Bente Geving, uMB
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Fig. 44. A wheat family portrait. 
Left parent: Durum wheat, right 
parent wild goat grass, in the 
middle bread wheat, the proud 
offspring. Photo: CIMMyt.

For emmer we find a different pattern.31 It only grows wild in two distinct areas in 
the Levant, north towards Turkey and south towards Lebanon, Syria and Israel, and 
it is never a weed. The DNA-pattern again points north, towards Diyarbakir, just east 
of Karacadag. From there the domesticated form spread south and intercrossed with 
the wild form in Lebanon, and onwards. Since they were little related, a vast array of 
new diversity arose, enabling emmer to become, like barley, a primary grain in Old 
Antiquity.

Wild barley is widely distributed, from the Jordan Valley to Afghanistan. Its culti-
vated form has at least two cradles. For a long time, it has been known that there  
are two non-shattering mutations in barley, and the DNA fingerprints support this.  
A western cradle probably stood in the Jordan valley; an eastern cradle in the foothills 
of the Zagros.32 From the east also comes another crucial mutation in barley-naked 
seeds (fig. 42).33 This has been found in Ali Kush in the Indus Valley, from around 6000 
BC. Barley usually has glumes that adhere to the seed. For food the glumes are removed 
by pearling (polishing). Glumes are a valuable protective cover for the wild plant.

But domestication could bring a founder effect: a few plants were selected for the 
farmer’s seed. Although they might, and did, cross with the wild forms – often weedy 
in or on the same field – it may not have been enough to prevent a genetic bottleneck. 
As we will see later, this is good news. It means that there are untapped sources of 
genes in the wild forms.

The speed indicated in Hillman and Davis’ experiments and in molecular data do 
not correspond all that well with archaeological records.34 Rather the archaeology 
records indicate a very slow and gradual process, maybe 3000 years, which allows time 
for key mutations to pop up in many places. Which clock then is “correct”? May be 
both? If a cultivated type has one origin, this does not mean that farmers threw out 
everything they had from before. There was an active and extensive trade. Gems of 
obsidian from Anatolia, Red Sea nacre, and gypsum for construction or pottery were 
spread throughout the known world. In Tel Halula we find pottery a thousand years 
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before we find sickles of copper. The trade with animals and seeds – what was more 
important? – spread mutations along its routes. Farmers would most certainly test 
and evaluate the merits of the new before adopting it into their system, and still keep 
the old where it did better. Over time the impact would depend on the added value.

If people became sedentary, animals also became sedentary – if indeed it was not 
the reverse due to fenced pastures. This change to the sedentary was probably as 
involuntary as the changes with harvested wild plants. Yet in the course of 2000 years 
– from 10,000 to 8000 BC – the sheep, cow, goat and pig became domesticated. Since 
they are distributed from Asia Minor to Asia animal domestication probably happened 
in several places. Sheep have two distinct “cradles”, one in the Fertile Crescent with 
the Taurus, Abu Hureyra and Tell Halula as classical sites, the other closer to the 
eastern cradle of barley. The domesticated cow has at least three origins: In the Middle 
East, in Africa and in India. The goat has – not surprisingly – even more. Grains also 
played a decisive role when the cat was domesticated in the Middle East, dated to at 
least 7500 BC.35 Since, granaries attracted mice, mice attracted cats who found an 
abundant source of food. The cat changed its entire behavior, from shy and territorial 
to (if not tame, then at least) domestic.

Two species merge
It took at least one thousand years until grain cultivation reached the shores of the 
Caspian Sea. There a diploid wild relative, goat grass (fig. 44, left), became a frequent 
weed, and it crossed to the cultivated wheat. Now, species crosses should be impos-
sible, by definition, and in case, offspring should be sterile. All the more so when the 
mother has 28 chromosomes and the father 14, the result will be unbalanced with 21. 
It has been known for a hundred years that species crosses can be fertile if they  
double their chromosome numbers – another improbable event! In 1917 the Danish  
geneticist, Øjvind Winge, showed how this may occur through errors in sex cell forma-
tion, where egg cells or pollen receive two genomes instead of one. In self-fertilizing 
species, where the mother and father are the same, they may meet and the progeny 
may have four genomes and be viable and fit. A new species!

Such “experiments” may indeed create a species that is more successful than the 
parents. In high latitudes – especially in the Arctic – the majority of species originated 
this way. The new species will get the sum of the parental genes. If the two parents 
carry different genes, the progeny may shuffle both decks into new combinations and 
adapt to a broader spectrum of environments than either parent. It also gives them 
the freedom to experiment with novel gene functions, since other copies are there to 
do the “old” job. That is why the more productive emmer is much more adaptive than 
einkorn, which was already a relic 5000 years ago.

Back to what happened near the Caspian Sea. A woman harvesting wheat may 
have noticed some bigger spikes with 3–5 seeds per spikelet, where wheat has only 
two. Maybe she stored them apart from the others, and then also planted them sepa-
rately next year. Or, they increased in frequency through their fecundity. A new species, 
the one we simply call wheat, had arisen. With the mother’s 28 chromosomes and the 
father’s 14, it had 42, exactly like in bread wheat.

That it may have happened like this, was demonstrated by the American wheat 
geneticist, Ernest Sears, in the 1940s.36 He crossed emmer and goat grass, but did not 
obtain the normal bread wheat. He did obtain its close relative spelt wheat. Spelt has 

Fig. 45. A change in human 
symbolism paralleled to this 
domestication. The animals 
depicted by the hunter cultures 
were replaced by rather corpulent 
maternal figures, the agricultural 
fertility goddesses which were to 
become so common. Venus from 
Willendorf is a 11.1 cm limestone 
sculpture found in Austria and 
assumed to be 22,000–24,000 
years old. Photo: unknown

Fig. 46. Club wheat, a kind of 
bread wheat with compact spike 
which may be the most ancestral 
type. It was grown in Europe until 
1900 and now in the Pacific North 
West in the uSA. Its soft kernel is 
used for biscuits. Photo: Even Bratberg. 
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longer straw, spike and seeds than normal wheat, and most important, its seeds are 
enclosed in the glumes. The harvested spikelets must be dehulled to release the seeds. 
(The name spelt comes from the German Spelz, which means hull or shell, the latinized 
into spelta. In German the name is Dinkel.) 

The difference between bread wheat and spelt is primarily due to two genes: one 
dominant mutation called Q shortens the straw and the spike and makes the spikelets 
more fixed. Another recessive mutation releases the tight grip of the glumes. In short, 
bread wheat is free-threshing and hence easier to harvest. The same dominant “Q” is 
also present in durum wheat and distinguishes it from emmer. What is more, both 
species have exactly the same SNP mutation which changes a single amino acid in a 
protein active in the early spike development.37 This must mean that the mutation 
happened in durum wheat, since it is the older. Wheat may than have arisen at least 
twice – once with durum as a mother giving rise to the bread wheat, another time 
with emmer, giving rise to spelt. Recent research38 has shown that goat grass crosses 
quite easily with emmer and makes fertile hybrids. Emmer is especially “weak for” 
goat grass from the Caspian into Armenia.

If this is so, it may also explain some archaeological paradoxes. Spelt is conspicu-
ously absent from the Middle East. In Abu Hureyra we find wheat with naked grains 
already 6500 BC, but it did not come to dominate until 3000 years later, with the 
increased social hierarchies and an intensified production. Spelt also came later in 
Europe than the free-threshing club wheat (fig. 46). The spelts cultivated around the 
Caspian Sea and in the Alps today have clearly distinct origins. 

The new wheat species could grow in cooler and wetter areas than durum or 
emmer, due to the wide ecological adaptation genes present in goat grass. Emmer and 
durum are both associated with Mediterranean climates, while the genes from goat 
grass made it a worldwide cereal. We also need to thank this illegitimate father for 
giving bread wheat its ability to become bread.

Grains, class and science 
In Karacadag and other mountain valleys the grains depended on the winter rains. 
Large areas in the Middle East were too dry to grow grains. In Mesopotamia – the 
“country between the rivers” Euphrates and Tigris – they sowed wheat and barley 
when the autumn rains started. Later, they led river water through channels to irrigate 
the low plains. In the spring, as grains matured and snow melted in the mountains, 
they had to avoid dangerous spring floods. The control with water allowed stable crops 
and greatly increased output over large areas.

The Danish historian, Axel Steensberg,39 has shown the close relationship between 
the hard grains and the first civilizations. Because grains are storable, they became the 
world’s first currency and the available capital. If the store is tight and dry, grains may 
keep as food and seed for years. In Babylon and Egypt grains were used as currency for 
at least 1000 years prior to coins. Land owning, and therefore, grain owning classes arose 
– nobility and priests. Farmers rented the land and paid at least half of the harvest to the 
landowners, who were therefore able to accumulate the precious grains. The granary 
was the power base which taught people that who owns the grain, his is the power. 

In such stratified societies various specialized professions were needed. Most direct 
was the need for guards, i.e. soldiers to watch the granaries. Next the granary needed 
a measure of quantities, i.e. numbers and writing. The scribes were invoked whenever 

Fig. 47. Sumerian clay tablet, ca. 
2350 BC. The writing in cuneiform 
concerns monthly barley rations 
for adults and children. From 
Ngirsu, Iraq. Photo: British Museum.

It was a Sabbath. They walked 
through a wheat field. The disciples 
collected spikes and ate them after 
having rubbed them in their hands. 
Luke 6,1.

This brief passage tells us that the 
wheat was durum or bread wheat, 
not emmer or spelt. They could not 
be crushed as easy as this.
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grains were to be sold, bought or paid as levies. The Mesopotamian pictograms 
(3300 BC) and later the cuneiform writing are inscribed on thousands of clay tablets, 
mainly concerned with agricultural affairs, and the words for barley, emmer, wheat, 
beer and bread were deciphered early on. 

Another essential profession was the priests or astrologers. To keep track of the 
phases in the agricultural cycle, Babylonians developed a calendar with months and 
days, the latter divided into 24 hours, with 60-minute hours, and 60-second minutes. 
In their grain cultivation, we see the germ of a scientific approach to the world, which 
includes crop rotations and the use of fertilizers. To till the land they developed the 
ard, a primitive wooden plow which just opens the soil without turning it into furrows 
– not too different from what today is called “no-till”. With a simple tube attached, it 
sowed the seeds in rows, and later it was used to harrow weeds between the rows. The 
ard was drawn with raw brawn. Oxen use presupposed sufficient available land for 
pasture and forage, which hardly was the case. Throughout the centuries silt-rich water 
often lifted the river over its banks onto soil without effective drainage. This caused 
salt accumulation and made the soil unsuited for growing wheat, while barley is much 
more tolerant. Therefore, most Babylonian wages were paid in barley. Only the rich 
could afford wheat, which became the gold standard. 

The way Babylonians counted and measured is still with us in familiar idioms like 
a grain of gold, a grain of salt, a grain of truth, or in the grain of it. The root of the very 
word gram is grain. According to the Oxford Concise Dictionary there were 16 grains 
of wheat in each gram. Until the 20th century, gold smiths used wheat grains as weights 
when measuring small quantities. An equally “Babylonian” equation was included  
in the Magna Carta, when it declared the value of one silver penny (“sterling”) to be 
32 grains “from the middle part of a mature wheat spike.” The Roman measure carat 
(now exclusively used for gold) equaled three grains of wheat or four of rye.

Fig. 48. old Egyptian model  
of man sowing with a primitive 
wooden plow, an ard.  
A Babylonian invention, the ard 
implied a twentyfold increase in 
labor productivity and was used 
for tilling, sowing and weeding. 
Photo: British Museum.

The world’s first law book – that 
of Hammurabi - and the oldest 
written story, the Gilgamesh Epic 
(ca. 1800 BC), were both written 
in cuneiform. That epic describes 
the fate of Enkidu, the man from 
the wilderness who ate grass with  
the gazelles and slaked his thirst 
with mere water. He was then 
seduced by the harlot who served 
him bread and beer: He drank from 
the beer, seven jugs, sang of joy and 
became a human being.
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Fig. 49. Egyptians passed on the 
craft of brewing which they had 
imported from the Babylonians. 
This brewery model was found in a 
royal grave from the 11th Dynasty 
in classical Egypt (ca. 2000 BC). 
The women in the rear grind malt 
in saddle querns. The women in 
the middle sift it, while the women 
in front kneel to heat the meshing 
vats or sieve the wort into vats, 
before adding yeast. Walking on 
the far right – the Boss. Photo: 
British Museum. 

Bread and beer were venerated in solemn poems,  
such as the Sumerian Hymn to Ninkasi from 1800 BC:40

you are the one who bakes the bappir 
In the big oven, 
Puts in order, the piles of hulled grain. 
Ninkasi, you are the one who bakes 
The bappir in the big oven, 
Puts in order, the piles of hulled grains, 
  
you are the one who waters the malt 
Set on the ground, 
The noble dogs keep away the potentates, (…) 
you are the one who soaks the malt in a jar, 
The waves rise, the waves fall. (…)
you are the one who spreads the cooked mash 
on large reed mats, 
Coolness overcomes it. (…)

you are the one who holds the great sweet wort, 
With both hands
Brewing [it] with honey and wine 
(…)
The filtering vat makes a pleasant sound. 
Appropriately, you place it on [top of] 
the large collector vat. 
(…)  
When you pour out the filtered beer 
from the collector vat, 
It is [like] the onrush of 
tigris and Euphrates. 
Ninkasi, you are the one who pours out the 
filtered beer from the collector vat, 
It is [like] the onrush of 
tigris and Euphrates. 
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In this way grains and scripture, grains and power were intimately connected.  
All of the peoples who started to grow grains, also developed writing and arithmetic. 
In Egypt they used hieroglyphs. China, India and Mexico had their own systems. There 
is – according to Steensberg – but one exception: Papua New Guinea. There they 
developed an advanced agriculture, with terraces and irrigation where they cultivated 
roots and vegetables all the year. They never needed long term storage, besides their 
crops were impossible to store. They never developed centralized power nor writing. 
Steensberg has made a strong case, but the classical civilizations also had concentrated 
settlements due to scarcity of water and land. The agricultural expansion into southern 
Africa was based on drought tolerant cereals like sorghum and millets, but because 
there was never a land shortage, they never developed centralized states. Nor did the 
geography of the central Philippines, with magnificent rice terraces in the mountain 
valleys, permit such feudal control.

The sacred kingdom
Grains and royal power were intertwined, also in religious aspects. The King had a 
duty to supply his people’s needs. Bad harvests were, ultimately, his responsibility  
(a universal idea which, as we noted, played a role in the French Revolution). At the 
time of sowing the King became the deity Sumuzi and married the love goddess  
Inanna, represented by a priestess. Through their sacred intercourse, the earth was 
made fertile, the grain would germinate and the harvest secured. Their dialogue shows 
how they closely they identified the human love and agricultural operations:41

Inanna: My vagina, the horn, the Heavenly boat
brims with eagerness like the new moon. My unplowed field lies fallow.
O me, Inanna, who will sow my vagina with his plow?
Who will plant my high field? Who will plant my wet soil with his plow?
Dumuzi: Worthy Lady, the King will sow your vagina with his plow.

In their gardens the Mesopotamians not only grew grains, but peas and vegetables 
such as garlic and lettuce. They grew sesame for oil, and fruits such as figs, melons and 
dates. Harvested grain was used for two main dishes: bread or beer. The bread was 
usually unleavened bannocks, baked in small round loaves called bappir, which  
resemble today’s pita. Their circular tanoor ovens first dated to 4800 BC are still widely 
used in Asia. Mesopotamians are credited as the inventors of beer, although they were 
certainly not the only ones. The first pictures, that show people drinking beer, are from 
about 3000 BC. Long reeds were used to drink from the bottom of the cup or bowl, 
probably because this beer was not the clearest of liquids. The original brewing yeast 
may have come from the oak wood, where it occurs naturally. Beer was not only a 
pleasant pastime, but nourishment. One liter of beer contains about 500 kcal, and 
with the average Mesopotamian consumption twice this amount, beer was a main 
source for calories. Besides its well known effects, beer disinfected the dubious water 
that was available in the cities. That Enkidu drank “mere water” as a savage, until beer 
made him human, may not be the whole truth.

Their economic terms are 
astounding:

Monthly salary, child below 15:  
20 liters of barley

Monthly salary, soldier:
40 liters of barley + edible oil

Dowry for a poor bride:
20 liters of barley + 40 liters of 
beer 
+ 1 sheep = 1 shekel

Conversion rates:
1 shekel = 180 g of wheat = 8.3 g 
silver = 0.6 g gold.

In other words: 22 grains of wheat 
= 1 g silver,
and
1 talent  = 3600 shekels 

= 648000 grains of wheat 
= 30 kg silver 
= 1.4 kg gold.

In 2011 gold prices, 1 kilogram  
of wheat would cost at least  
500 $, almost 2000 times the 
current world market price. one 
loaf would cost 160 $ instead of 3. 
Wheat bread has probably never 
been as cheap as at the turn of our 
millennium.
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The heritage from Egypt – the leavened bread42

Egyptian agriculture dates back to 6000 BC, and at that time it was based on sorghum 
and millet. However, during the “predynastic” period around 5000 BC, emmer, flax 
and barley were introduced.43 Egypt’s heyday, the age of the thirty dynasties, lasted for 
3000 years from 3250 BC until Rome took control around 300 BC. Egypt was the 
world’s first nation state based on an advanced agriculture and a strict, social hierarchy.

Historically, because of this civilization, we have the leavened and baked bread we 
know. The unavoidable process of fermentation has of course been observed everywhere. 
Stone Age lake dwellers in southern Germany and Switzerland developed bread at the 
same time as the Egyptians. However, except for use in brewing, fermentation was 
equated with decay and rotting. The Egyptian “bread house” astounded other nations 
by using fermentation on a large scale. “They do everything different from other mortals”, 
wrote Herodotus, who also praised their barley beer as “not much inferior to wine.”

In Pharaonic times – as today – the Nile was the source of life or death, fertile soil 
or desert. This artery, running from south to north, defined the land of the living. The 
sun would rise in the desert in the east. The desert in the west was the domain of the 
dead. The calendar and the annual cycle depended on a single millimeter of fertile 
mud which the river deposited every autumn, when the water from summer rains 
further south would inundate Egypt. Their connectedness with the land was so inti-
mate that they called the soil chemi and its inhabitants chemet. Since the flood left the 
land saturated, there was no need for crop irrigation, except in the scorching summers. 
The seeds were broadcast evenly onto the fields and then trampled by sheep, pigs or 
donkeys. An amazed Herodotus said: “The Egyptians have a good time. They plant 
in the mud, chase out the swine and await the harvest.”

Fig. 50. Grain mummy or Osiris-
sokar, sarcophagus with soil 
and sprouted grains wrapped 
in a burial shroud. By means of 
computer tomography, one can 
distinguish the germinated barley 
seeds. Photo: Museum der Brotkultur, ulm.

Bier is flüssiges Brot (beer is liquid 
bread): German expression

Fig. 51. Egyptan relieff 0f 
harvesting. Note the heights of the 
plants and reapers.
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“The House of Pharaoh” was one huge estate. Farmers rented the land, but the 
annual flood would remove most landmarks. Land measurement – in Latin geometry 
– became an exact science. They developed formulae for surfaces and volumes and a 
pi-value of 3.16. The Egyptians were also masters at constructing dams and irrigation 
channels. The land needed to be completely level to avoid standing water which killed 
seedlings or was wasted to evaporation. The scribes, who kept records of borders, 
levies and the following year’s seed for next, were so important to the Egyptians, that 
they were exempted from paying taxes. Clever boys were recruited early for this pro-
fession.

As in Babylon, agriculture was considered a divine activity. The main fertility god, 
Osiris, wed his sister, Isis. Osiris was killed and cut in pieces by his jealous brother Seth, 
but Isis healed him again. He thereby woke up his mummy and begot a son, Horus. 
Like Mary and her boychild, Isis and Horus are depicted in innumerable sculptures. 
Thus, Osiris was the deity of death and rebirth. He represented the Nile, which fruc-
tified the land with seed. Isis was the land that motherly bore his fruit. Through so-
called Osiris beds and grain mummies, (often life-size figures made from Nile mud with 
grains sprouting from its body,) this mystery was enacted. Upon sprouting, the figure 
was swathed in a shroud and laid in a sarcophagus. Like dead grain awakened to new 
life, the corpse would be reborn with Osiris. Grains and cosmology were one fabric.

Osiris ruled in the realm of the dead, where souls were called to judgment for their 
sins. To share bread with the needy was considered an important virtue. “In my time 
I gave bread to all”, claimed a soul on the scales. Thanks to the Egyptian belief in an 
afterlife, we have a detailed knowledge of how they lived, including bread-making and 
beer-making. In their cosmology this life was a brief episode, while death lasted a long 
time, until one returned to life after being awakened by Ka, the Spirit of Life. In the 

Fig. 52. Model of Egyptian bakery. 
Photo: Museum der Brotkultur, ulm.
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Fig. 53. The royal bakery at the 
court of Pharaoh ramses III. In 
the upper left corner, dough is 
kneaded with feet. Photo:  
The oxford Encyclopedia of Ancient Egypt.

Egyptian Museum in Cairo, an almost innumerable host of mummies and death masks 
wait with their mouths open and their eyes gazing beyond life’s borders. In the mean-
time they needed supplies to sustain their deaths, and of course, the supplies included 
bread. Because the living felt horror at the thought of the dead going hungry, graves 
became store houses with model bakeries, breweries, slaughter houses or agricultural 
operations. Since the noble dead needed numerous servants, we find almost conveyor 
belt operations. 

The great innovation from the House of Pharaoh was the leavened and raised 
bread. In the Egyptian Museum (as in numerous collections around the world) we 
see petrified bread dating as far back as 2000 BC. They resemble blackish sponges, the 
size of rolls. The leavening may have been developed due to the physical proximity 
 of brewery and bakery. Beer was not made from malt, but from half baked barley 
dough diluted with water and fermented. Alcohol may quickly turn into acid vinegar 
and dough into a sourdough. In Egypt some sourdough was always kept for the next 
baking, uninterrupted through the decades, and it was sacred, like the fire in the 
hearth. Grave reliefs display Egyptians kneading dough with their feet. Then, it was 
leavened, divided and shaped. There were a large number of different loaves and a 
multitude of sweet and fat cakes in a variety of shapes. 

The second essential innovation in Egypt was their baking oven, with a conical 
shape made from tiles. They heated the inside of the baking chamber with wood until 
the stone was hot. They swept out the ashes and inserted the leavened loaves with a 
wooden spade. Alternatively, they put the dough in pits to rise, covered them with 
clay lids and placed warm coals on top. Inside the baking oven the miracle happened: 
The smelly and indigestible dough became fragrant bread. No wonder they likened 
the oven – as shape and as concept – to what happened in a mother’s womb.

The evident measure of one’s value, his salary, was the number of breads he 
received. A common farmer received three (probably barley) breads (close to one kg) 
and two jugs of beer per day. This is rather different than the amount given to one of 
Pharaoh’s priests, who complained about his salary: 900 wheat loaves, 360 vats of beer 
and 36,000 flat unleavened bannocks per year. From Egypt grain cultivation spread south 
to Ethiopia, west into North Africa, and bread and beer making northwards to Greece. 
Egyptian bread was preferentially made from emmer as late as the Roman conquest. 
Then, it was rapidly replaced by free-threshing durum, which had long overtaken emmer 
elsewhere because of its easier threshing and higher yields.

No one betrays bread and salt:  
Arab proverb (eish in Arab  
means both bread and life).

The dimensions of their baking 
industry are staggering. If the 
pyramids and temples seem huge, 
so too were the granaries. Behind 
one day’s ration of bread (1 kg) 
was one day’s work of milling and 
baking it.44 The 30,000 tenants, 
who built the Cheops pyramid, 
consumed 30 tons of barley 
bread per day during 80 years of 
construction. 20 tons of flour, 
10,000 women toiling at their 
saddle querns and at least 300 
bakers were needed to produce 
this amount of bread. In the words 
of the Swiss archaeologist Max 
Währen: The Cheops pyramid is 
a bread monument. (He did not 
calculate the ocean of beer that 
may have gone with it.) 
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Fig. 54. Harvesting grain in 
Palestine, 1919. Hand-colored. 
Photo: American colony, Jerusalem.  
Library of Congress.



60

Grains in the old Israel

You must then take wheat, barley, beans, lentils, millet and spelt;  
put them all in the same pot and make yourself some bread.
  Ezechiel 4:9.

In the pivotal event in Jewish history – the exodus from Egypt – bread played an 
important role, twice. Because the departure was abrupt, they could not prepare leav-
ened bread, only unleavened shepherd’s bread. Ever since, unleavened bread and salt, 
eaten while standing as if during a brief rest, have been the heart of the Jewish Passover. 
During the subsequent passage through the desert, the people murmured and de-
manded bread. Then, the Lord let it rain manna, the heavenly bread, every day for six 
days. The last also provided enough for the seventh day, the day of rest. For this reason 
the Jewish Sabbath meal always depicts two (often tressed) loaves. Throughout the 
Bible many decisive events are connected to bread. Abraham served it to three angels. 
Elijah received bread and meat from two ravens. Ruth met Boas during the barley 
harvest. Most familiar is the account of Joseph and the seven lean and the seven  
fat years. The name Joseph means “he multiplied”, for he stored grains as abundant  
as the sand in the ocean (Genesis 41:49). Because of his skill in such matters, he  
was appointed food minister of Pharaoh and put in charge of the grain supply. He 

Fig. 55. rembrandt van rijn: 
Abraham waits on three angels. 
Photo: Museum der Brotkultur, ulm.

With sweat on your brow shall you 
eat your bread, until you return to 
the soil, as you were taken from it. 
Genesis 3,19.

He fed you with manna (…) to 
make you understand that man 
does not live on bread alone but 
on everything that comes from the 
mouth of God. Deuteronomy 8:3.

The people’s curse is on the  
man who hoards the wheat,  
a blessing on him who sells it. 
Proverbs 11,26.

If your enemy is hungry, give him 
something to eat. Proverbs 25,21.

[S]hare your bread with the 
hungry, shelter the homeless poor. 
Isaiah 58,7.



61

Fig. 56. Jewish Sabbath plate  
with room for two breads,  
both baked on the sixth day.  
Photo: Museum der Brotkultur, ulm.

hoarded so much, that when hunger hit the rest of the world, other nations came to 
Egypt where Joseph opened the granaries and sold grain. (Genesis 47:13). The story 
of Cain, the farmer, and his brother, the shepherd Abel, elaborates the conflict between 
nomads and sedentary dwellers. Today, pastoral people may regard agricultural work 
in a similar way. Abraham left Ur in Chaldea (close to Babylon) for Canaan, the land 
brimming with milk and honey. This was the dream of the nomad, endless green 
pastures. When Joseph received his starving people in Egypt, he did not give them 
fields to till, but the pastures of Gozen for their “sheep and cattle”.

What right did farmers have to fence the best pastures? At the same time granaries 
were tempting targets for looters. Besides, contact with strangers was ambiguous, due to 
infectious diseases. The Old Testament has numerous accounts of curses and pestilences 
which struck those who became involved with pagan nations. A reasonable ecological 
explanation is that people and animals lived so closely together that they were locally 
immunized. However, interactions with strangers implied exposure to unknown germs.

Like the Egyptians, the Jews saw a close physical and verbal relationship between 
the land (adama) and Adam made from clay. But here ends their similarity. Jews had 
an ambiguous attitude toward agricultural work, and the Egyptian agricultural cult was 
alien to them. When God created Adam, he gave him the positive vocation to “till and 
keep” the garden. In Eden (Genesis 2:15) Adam and Eve were freely given all animals 
and plants as their food – an angelic nourishment, no work needed. Indeed, some 
scholars of the Torah interpreted the “Tree of Knowledge” in Eden to be the wheat 
plant45 – also mentioned in the Koran , where Eve tempted Adam with a grain of wheat. 
After their expulsion from Eden, they had to toil and strive and eat their bread with sweat 
on their brows. The words to the fratricidal Cain were still harsher: When you work the 
earth, it shall no more give you its harvest. Homeless and haunted you shall be on the earth. 
For all their efforts, the land rewarded them with only thorns and thistles. They were to 
live from hand to mouth under the cold star of scarcity (Georg Borgström).

However, the Israelites so soon got a taste for leavened bread that it has accompa-
nied a Jewish meal till this day. After they settled, the baker’s profession received high 
status and its own street in Jerusalem. Bread was definitely a good gift from God, as 
the Sabbath bread reminded them. Still only unleavened bread was sacrificed on the 
Lord’s altar. Fermented dough had the unpleasant odor of rotting and impurity. Every 
Passover, in memory of the exodus from Egypt, they cleaned out any trace of sour-
dough from their houses. During those seven days, they ate unleavened bread, made 
from the first barley harvest, but looked forward for the days of leavened bread to 
return. After the destruction of the Temple in Jerusalem in 70 AD, the Sabbath meal 
became the focal point of life for the Jewish diaspora. 

The meadows are dressed in flocks, 
the valleys are clothed with wheat, 
what shouts of joy, what singing! 
(Psalm 65:12–13)

If Adam, for two grains of wheat, 
sold the garden of Eden,
May not I, for one grain of barley, 
sell the garden of this world?

Hafez of Shiraz, Persian poet 
(1320–1389), referring to a 
passage in the Koran.

Like manna from Heaven: Means 
an unexpected free gift. refers to 
when Israel starved in the desert 
and God made it rain bread from 
heaven.

Showbreads: An expression which 
means an illusion, a false promise. 
The Hebrew lechem panim 
(literally bread of the faces) is the 
probable root of the Latin word 
for bread panis. Although lechem 
means bread, since the expression 
was foreign panim was adopted 
instead.
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Christianity: the shared bread

Think’st thou such force in bread? Is it not written,
For I discern thee other than thou seem’st,
Man lives not by bread only, but each word
Proceeding from the mouth of God.

John Milton, Paradise Lost.

The Lord broke the bread,
the bread broke the Lord.
  From the poem Dew by Paul Celan (1920–70)

Bread is the essential mystery in Christianity. Jesus emerged at a time when Roman 
occupation forced an endless starvation upon the Jewish people. Ninety five per cent 
of the Jews lived as vegetarians, with a few olives, onions and grapes added to their 
bread. Meat was for the wealthy. Anybody who promised to lift the shortages was 
guaranteed to garner attention, such as when Jesus was led into the desert and tempted 
by Satan: If you are the Son of God, say to these stones, that they become bread! (Matt 
4,3). The meaning is evident: To him who has bread to share, the crowds and the 
power will come. Jesus responds (in the words of Milton): Think’st thou such force in 
bread? After the Miracle of the Loaves, when Jesus fed 5000 in the wilderness,  
St. John’s gospel tells that Jesus called himself the Bread of Life. People misunderstood, 
as would be expected, given their desperate condition. Significantly, this miracle is 
the only one told in all the gospels.

Jacob46 points out how the life of Jesus is closer to agriculture than to his craft of 
carpentry. It starts early. In Bethlehem – meaning the House of Bread – the newborn 
Jesus is laid on straw, in a manger. He is the noble grain of wheat (not barley!), destined 
to fall into the ground and die. In Gethsemane – meaning oil press – his sweat falls like 
blood, like oil when olives are crushed. The agricultural myth – through death into a 
new life – is the green thread. Christ assumes many of the previous myths: “In Baby-
lonian astrological terms [the magi], he ascribed his being to the cosmos. He is the 
Osiris of the Egyptians – murdered, torn to pieces, and rising again into the world as 
the spring. He himself is the Passover lamb of the Jews and the Messiah promised by 
the prophets. (…) He is the wine stock; he is Bacchus bound to the wood, tormented 
in the press and resurrected in the wine. (…) As Ishtar wailed over Tammuz and 
Demeter mourned Persephone, so the Mater dolorosa approached the sepulcher of 
Jesus Christ. And behold, he was arisen! The entire Orient which rejoiced at the risen 
Osiris, Bacchus and Tammuz, now rejoiced with Mary. He is the “Lord of the vegeta-
tion”; at the same time he is the victim, the seed.” Fifty days after Easter came the feast 
of the first harvested wheat spikes, his Pentecost. 

The nature of the “true” sacrifice evolves dramatically. Abraham was allowed to 
spare his only son – a human sacrifice – for that of an animal, a male lamb. Still no 
man should touch its blood (to drink it was unthinkable). The blood, the life giving 
spirit of the animal, belonged to the Lord alone (slaughtering rules, such as kosher 
and halal, come from this). The Old Testament also permits bread sacrifice. No one 
but the priests could eat unleavened showbreads after seven days. That bread replaced 
animal sacrifice is clear from the word for Holy Communion bread, hostia (Latin for 

Fig. 57. rembrandt van rijn:  
Jesus in Emmaus. “Now while  
he was with them at the table, 
he took the bread and said the 
blessing; then he broke it and  
gave it to them. And their eyes 
were opened and they recognized 
him; but he had vanished from 
their sight” (Luke 24, 30–31). 
Photo: Museum der Brotkultur, ulm.

Give us today our daily bread. 
Matthew 6,11. The original text 
actually prays for the “bread 
of tomorrow”. The grain they 
received today would have to be 
ground, and the dough leavened 
overnight before the bread could 
be baked and eaten.A more 
spiritual interpretation is that 
it means the eternal bread “of 
tomorrow”, which is also needed 
“daily”.47

Give stones for bread: From Luke 
7,9: “Is there a man among you 
who would hand his son a stone 
when he asked for bread?” The 
question refers to a common way in 
Antiquity to kill a stray and starving 
dog: offer it some bread with your 
left hand, then once within reach, 
you give it a lethal blow with a 
stone hid in your right hand.
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Fig. 58. Byzantine mosaic from 
504 AD, showing the miracle of 
the loaves, Jesus feeding the 5000 
with five loaves and two fishes. 
Photo. Sant-Apollinaire Nuevo, ravenna. 

Fig. 59. The Last Supper. Psautier  
a l’Usage de Paris (vellum),  
French School, ca. 1300.  
Photo. The Bridgeman Art Library. 

Ecce panis angelorum/ 
factus cibus viatorum
Behold this angelic bread/ 
by which travelers are fed
The Manna in the desert and the 
Miracle of the Loaves are united  
in St. Thomas Aquinas’ famous 
hymn Panis Angelicus.

Man does not live by bread alone, 
but by every word that comes from 
the mouth of God.  Matthew 4,4.

For I was hungry and you gave me 
food; I was thirsty and you gave 
me to drink.  Matthew 25,35.

“The bread of God is that which 
comes down from heaven and 
gives life to the world.” “Lord”, 
they said, “give us always of that 
bread”. “I am the bread of life. He 
who comes to me will never be 
hungry.”  John 6, 33–35.

A contemporary interpretation of 
the Eucharistic meal is given by 
the Dutch theologian Henri J.M. 
Nouwen:

What is a more common, ordinary 
gesture than breaking bread? 
taking a loaf of bread, blessing it, 
breaking it, and giving it to those 
seated around the table signifies 
unity, community, and peace. 
When Jesus does this he does the 
most ordinary as well as the most 
extraordinary. God becomes most 
present when we are most human.

sacrificial lamb). In a most radical way, Jesus replaced the sacrificed lamb with bread, 
and then with his own body. He also identified the blood of the lamb with wine and 
then identified his own blood with wine. That, which no mortal should touch, became 
a drink. Human sacrifice was replaced by a lamb which was replaced by bread – until 
the human being sacrifices himself. To signify this fundamental change the Synod  
in Nicaea in 325 AD instructed Christians to use a flat table as altar. It replaced the 
Jewish type of altar which has ridges and a hole for the run off of blood from the 
sacrificed lamb. The phrase, break the bread, was also specifically Christian. To use a 
knife was considered to “kill” it. Furthermore the bread was always leavened. The 
Catholic Church reverted to unleavened after a few centuries, and this contributed to 
the schism with the Orthodox in 1054. Indeed, in 2004 Rome decreed that only 
unleavened wheat is acceptable.

Another schism concerned the bread in the Eucharist. Was the body of Jesus a 
physical reality, or a symbolic one. The different opinions on the real presence of Jesus 
in the bread have had dramatic consequences in European history till this day.

Jesus linked bread and justice in his famous parable of the rich man and Lazarus, 
who only wished to have of the crumbs from the rich man’s table. Lazarus died and the 
angels took him to Heaven. The rich died to a place of pain and gnawing of teeth. In 
this way he linked bread and love into a forceful social impulse. There are innumerable 
testimonies of this. That St. Nicholas (bishop of Myra, died 350 AD) is the patron 
saint of bakers, is one of them. During a hunger in Bari, he ordered all grain from the 
supply ships in the harbor to be distributed to the hungry, and miraculously, the ships 
were filled anew. On his day (December 6th) bakers baked figures of people or animals 
and gave them to children – earning him the reputation as Santa Claus. A later col-
league, St. Wolfgang (924–994) worked miracles through intervening in the grain 
trade. During a famine he sold grain from church granaries at half price forcing down 
the usurious prices set by hated hoarders. There are direct links to our social welfare 
programs, from alms and mercy to social justice, (of course encompassing more than 
just “bread”.) We are “bread for each other”, wrote Luther, with regard to our neighbor.
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Greece: bread, wine and olives

Only he is fit as statesman, who understands the issue of wheat.
Socrates.

Agriculture came to Greece around 5900 BC. Sheep and goats, emmer, barley and 
einkorn indicate an entire “technology package” from the east, that may have arrived 
by sea directly from the Fertile Crescent. In the Bronze Age (3000–1000 BC) there 
were several “Greek” civilizations, including the Minoan in Crete and the Helladic  
in Peloponnese. When Mycenae and the foremost commercial towns around the  
Aegean Sea collapsed, around 1200 BC, an age of agricultural decline followed, but 
with a rich heritage: providing the world with the Phoenician alphabet of 24 letters, 
including vowels, and the Greek mythology. The heroes of the past became mythical 
gods, such as Zeus, Athena, and Poseidon. The Bronze Age became a Golden Age as 
immortalized by Homer.

Although Homer described people who “don’t know bread or wine” as barbaric, 
it is animal husbandry that permeates the Greek myths. Pastorals with shepherds and 
chimaeras and green landscapes mirror the Mycenaean decline, for the thin soil was 
quickly exhausted. Very early on, Greeks experienced grain shortages, and after the 
great reforms of Solon (639–559 BC) the Greeks became agriculturalists with barley 
as their main grain. It was used for beer and unleavened bread (maza), which gave 
such energy that (according to Thucydides) sailors would eat it without ever dropping 
their oars. The country was suited for olives and vines, if not for grains. Stubborn land 
and ungracious hills, fields of lean marl and pebbly brushwood welcome the long lived groves 
of Pallas Athena, wrote Vergil.48 It was Athena who, in a wager with Poseidon, first 
“invented” the olive tree. An olive tree needs decades before it can bear fruit. Hesiod 
said that whoever plants a grove, never will taste the fruits of his labor. In recompense 
it could bear for two thousand years. The olive oil was used for cooking, cosmetics 
(body balm), oil lamps in their houses, and its hard wood was very valuable. They 
cultivated wheat in the groves as a cover crop to reduce erosion of the bare soil. Thus, 
farmers became ever more sedentary and linked to the land.

Fig. 60. Greek amphora 
with Demeter (right) and 
triptolemaios.  
Photo: Museum der Brotkultur, ulm.

Greece learned the art of  
baking from Egypt. Barley  
bread then became cyphes,  
the food of the poor, while the 
affluent delighted in wheaten 
bread, amylois. There were learned 
disputes about which was the 
more wholesome. Pythagoras, 
Plato and Hippocrates favoured 
cyphes, Aristotle the amylois.  
This discussion points straight 
 to current research. (p. 176)
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Still, their own exhausted land was not sufficient, so Greece became a major power 
at sea, with colonies or commercial ports from the Black Sea to Spain and Egypt. 
Grains, oil and wine were durable and transported in huge clay jars, amphorae, which 
usually held 72 liters apiece. In port these goods were sold in smaller volumes. 
Although wine and olives became a blooming export trade for Greece, these crops 
were domesticated plants imported from the Middle East.

If the olive was the gift of Athena, the wine god Dionysius bequeathed them the 
“wet food that drowns each sorrow, imparts good sleep, and rest for weary limbs.” But 
the dry food – the grain – was the gift of Demeter.

The iron plowshare was to have a pivotal position in Greek history. In the battle 
of Marathon in 490, when Greece was miraculously rescued by an unknown plowman 
(Triptolemaios) who plowed down the overpowering Persians. The Oracle at Delphi 
declared that the victory occurred through the grace of Demeter, goddess of grains. 
Ten years later she showed her power, again. On September 20th in the year 480, at 
the battle of Salamis, she swept the Persians into the ocean for good. 

For centuries that day was dedicated to her in Greece and far beyond. “The whole 
of Sicily belongs to the bread goddess, Demeter”, wrote Cicero. Near Etna the beauti-
ful Persephone, daughter of Demeter and Zeus, was taken to Hades, the realm of 
Death. Demeter heard her cry, but came too late. Zeus and the other gods did not pay 
much attention to Demeter, and she never again set foot on Olympus. Instead, she 
disguised herself as an old woman and took service at the court of King Keleios in 
Eleusis. There she came to foster the King’s small son, Triptolemaios, “the one who 
plowed three times”. She was a harsh care giver. One day the Queen saw that she held 
the boy child into the flames of the hearth, “to immortalize it”, Demeter explained, 
when she made herself known. The underlying logic was evident: Did not a plowshare 
have to be hardened in fire?

Demeter instructed them to erect a temple for her in Eleusis, but her grief did not 
wane. To avenge the loss of Persephone, she made all soil infertile, a decision she would 
not undo until she had her daughter back. Hermes was sent to Hades to negotiate her 
release, “since Demeter withholds all seeds in the womb of the earth.” Against all expec-
tation, Persephone was granted her life each spring. But since she had tasted the food 
of the dead in Hades, she had to return to Hades for four months a year. Demeter 
accepted this compromise and promised never again to prevent the growth of grains.

This myth mirrors the grain year. The four months included the dry summer and 
September, the time of plowing and planting. In the Eleusinian rites, human uncer-
tainty in face of the afterlife was connected to the hope that is expressed in the life 
cycle of the grain. The summit of the rituals took place when the neophyte, in the 
deepest of silence, beheld the cutting of the mature spike. Whoever was revealed that 
secret could “die with more hope”, wrote Cicero. That the Bread Goddess also could 
plead their cause in Hades, added to her strength and authority. The celebration of 
Demeter’s mysteries was the key religious ceremony until Christianity became the 
state religion of the Roman Empire in 313 AD. The temple at Eleusis was destroyed 
in 394 by King Alaric’s Gothic army. In the synod of churches held in Eleusis in 431, 
Mary received the title, The Mother of God, and she replaced Demeter in the popular 
piety of Mediterranean countries as the great protectress of the grains. Her birthday 
September 8, coincides with the time of autumn sowing. Her miraculous conception 
on March 25, coincides with spring, and her assumption into Heaven (August 15th) 
is the traditional day for giving thanks for the harvest. 

Fig. 61. Greek coins with  
Demeter and barley spike.

The Olive, this mother of trees,  
grown grey from serving the Earth.

– Pär Lagerkvist (1891–1974)
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Rome: Bread and circus
Today, without notice, the ships have come from Alexandria. It is always 
a welcome sight for country people: each and every one throng to the 
quay to have a glimpse of the Alexandrian ships bringing the wheat from 
Egypt to Rome.

Seneca, epistle 77

This every day event in imperial Rome shows the very nave that made its huge wheel 
turn around. The ships would land at Ostia and load their cargo onto river boats that 
took the wheat up the Tiber to just below Aventino Hill. Rumors would make it to 
town and people thronged to the grain distribution. The task of feeding one million 
inhabitants took 250,000 tons of wheat per year. It also took 180 million liters of wine 
(approx half-a-liter per person per day) and millions of liters of olive oil.

Rome’s grain supply – cura annonae – is the dominant theme of its history, from 
the republican days until the fall of the last emperor after 400 AD. As long as Rome 
had to depend on the impoverished soils of the Latium, grain shortages were recur-
rent. The landowning class earned more from expensive goods like olive oil, wine and 
cheese and animal products. In the early republic grain prices were tightly controlled, 
but the grain laws passed under Gaius Gracchus (123 BC) gave each citizen – those 
who had done military service – the right to reasonably priced grain. And then there 
were the plebeians, “the bread-eating crowd”, plebs fromentarius. If they became hungry 
they would be a dangerous force, but well-fed, they were a way to political power.  
In the political game, grains gradually became a free good: one kilo grain (or a bread 
of 1.5 kg) per day and entertainment: bread and circus (panem et circenses, “circus” 
meant the immensely popular horse racing). “None are more content than Romans, 
when they are well fed”, said the Emperor Aurelian (270–275).

For the state it became a costly policy to have so many “in its bread.” Julius Caesar 
had to feed over 200,000, and Emperor Augustus had to give up on budget savings. 
The emperor also had to hoard enough grain to keep the land owners grain price 
speculations at bay. In the days of Aurelian, rations also included some oil and meat. 
When the Emperor considered adding some wine, his prefect protested, saying that 
the ration would only lack free chickens and geese.49

In this way, grain ruled the emperor, and Rome built an empire which the world 
had never before seen. With Rome as the absolute center, the empire stretched from 
Egypt to England and to the Caspian Sea – all colonized for their grain. The colonies 
were kept in order by loyalty to the Emperor, as the empire’s highest principle, and by 
“rule and divide” as the method. The grain cargo, carried by galleys from overseas, was 
the circulating blood of this huge body.

In North Africa through advanced technologies – aqueducts and cisterns – and 
an army of peasants, enormous quantities of grain were grown. Egypt was its own 
case. After Cleopatra died in 30 BC, Egypt became the personal property of the 
Roman emperor, who used it to maintain domestic control in Rome.

The technological and organizational skills of the Romans were necessary to keep 
this system operating. Agriculture made huge strides. The three-year crop rotations 
included nitrogen-fixing legumes. Aqueducts carried water over large distances (each 
citizen in Rome used 1000 liters of water per day, and every house had a water toilet).

Fig. 62. Bakery shop, from  
Casa del Panettiere, Pompeii. 
Fresco, first century AD.  
Photo: The Bridgeman Art Library

Panis civilis: bread given to  
calm down the populace

Panis gradilis: bread given  
in the circus

Hordeari: roman soldiers were 
energized by bread of barley 
(Hordeum) prior to battle, as  
were the gladiators in the circus
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Fig. 63. reconstruction of a bakery 
in Pompeii, with rotatory quern.
 
Fig. 64. roman coins with  
grain motifs.

The Romans were pioneers in milling, and developed the rotary hand quern, for both 
household and industrial uses (fig. 64 and 66). Two flat stones were placed upon each 
other. The lower was fixed and the upper was rotated by hand, or for the larger ones, 
by means of slaves or animals. Friction crushed the grains. The next decisive step 
occurred when Vitruvius invented the water mill. Except for sails used on boats, this 
was the first case of humans harnessing the elements to replace human toil. Roman 
mills were very efficient, technically, and could be built for large scale operations.  
If there was no waterfall, but a sufficient flow of water, mills were place on river boats 
which were firmly attached on the bank (fig. 109). The water wheels then drove the 
mill. This type of mill was common on the large rivers of Europe until the 1800s. 

The mill was often next door to the bakery. Originally, bread making was an 
imported art from Greece. For the finer customers, bakers put out an array of sweet 
and white breads in a multitude of shapes. Since there were too few bakers (at first 
Greek slaves), their guild was directly subjected to the Emperor because of its vital 
role in supplying the plebs with their daily bread (from barley, very rarely wheat).

Romans improved the Egyptian oven by means of a foundation, door and draft 
coming from below, which allowed the smoke to exit through a chimney. This kept 
the oven warm for a much longer time and it was used all over Europe until about 
1900. The goddess of the baking oven was called Fornax (cf. furnace, or four in French). 
She had her own feast day, the Fornicalia. Demeter was renamed Ceres, whose domain 
was the fertility of the land and her feast in Spring was called the Cerealia (from this 
comes cereals, the common term for grains). As in Egypt and Israel, the Latin language 
intimately connects land and man: the humus (earth) and Homo or humanus.

The Roman Empire weakened first at its periphery – the grain-producing colonies. 
The Emperor Diocletian (284–305) made it a federation with ambulating capitals, in 
order to shake off the nagging Senate. When the politicians in Constantinople and Alex-
andria decided to arrange their own grain distributions, the empire started to dissolve, 
well-assisted by invading Vandals in the south and Gauls and Goths in the north. 
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Fig. 66. In the rotary grinder 
grains were filled into a hole in 
the upper millstone, which then 
was rotated by a wooden handle. 
The flour was squeezed out on the 
sides and collected. Depending on 
the stone’s quality, people would 
consume some 3 kg, more or less, 
of powdered stone meal per year. 
Most old skulls show worn down 
or broken teeth, due to this “tooth 
brush”. Photo: Grinding women in Jerusalem, 
ca. 1890. Hand colored. Library of Congress.
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risdyrkinga oppstår
Vi assosierer straks ris med Asia, men den har faktisk to opphav: Kina og 
Vest-Afrika. Det siste blei først klart for hundre år sidan. Men la oss gå  
til utgangspunktet for det heile: Kva villart(ar) blei til dyrka ris? Når og  
kvar skjedde det?

Det botaniske namnet på slekta ris er Oryza. Med sin svært gode teft for djuptgåande 
kjenneteikn la Linné merke til at risfrøet har fleire furer, bygg og rug bare har ei, og 
mais ingen. Derfor måtte dei vere fjerne slektningar – som nemnt skilde dei lag  
for minst 50 millionar år sidan. Endå Linné ikkje hadde nokon om evolusjon, bygde 
han likevel eit robust system.

Men innan slekta var det verre. Dagens biologi deler inn artar etter om dei lar seg 
krysse og lagar fruktbart avkom eller ikkje. Prøver vi så å dele inn risslekta etter dette 
målet, finn vi grader av kryssingsevne, ikkje anten/eller. Så skal vi då kalle alt for «ris», 
trass i tydelege ytre skilnader? Botanikarane har gjort nett det, slått seks gamle artar 
saman, men som kompromiss med ytre former og historisk sedvane har dei behalde 
sine artsnamn. Alle veks i fuktige miljø, to av dei er dyrka, fire er ville. Dei to dyrka  
er den asiatiske risen, Oryza sativa (= dyrka), og den afrikanske, Oryza glaberrima  
(= den glatte), med heilt ulike opphav, men ei parallell historie knytt til store elvar.

Den afrikanske risen er knytt til deltaet i øvre delar av Niger. Der blei den først 
hausta som sumpplanter, sidan dyrka i regntida over vide sletter som i tørketida var 
beite for husdyra. Avtrykk av ville riskorn er daterte 2000 år f.Kr., men dyrka opptrer 
først kring år 300–200. I tida frå 800–1600 e.Kr var denne risen basis for tre store  
rike, med Timbuktu som knutepunktet for handelsvegane gjennom Sahara. Under 

Fig. 68. Wang Zhen gav ut den 
klassiske læreboka i kinesisk 
jordbruk – Nong Shu – i 1313. Her 
viser han ein mann som plantar 
grupper av risplanter frå ein båt 
han styrer med føtene.

Fig. 67. risterrassar i yunnan-
provinsen, Kina. Foto: iStock.

Fig. 66. utreska ris. Foto: IrrI.
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Mali-imperiet (i europeisk mellomalder) spreidde risdyrkinga seg mot vest og sør 
langs Senegal og andre elvar, med ei avansert kunstig vatning basert på styring av 
tidevatnet.50 Lenge var den afrikanske risen sett på som ei bedrøveleg degenerert 
utgåve av den asiatiske som portugisarane førte inn på 1700-talet. Men vestafrikanske 
språk har mange ulike namn på «sin» ris, medan den asiatiske alltid har namn med 
portugisisk rot. Først i 1914 blei den afrikanske risen godkjent som eigen biologisk 
art, nedstamma frå den ville Oryza barthii, og – så seier DNA – berre ein gong.51 
Dette medførte ein alvorleg genetisk flaskehals. Den asiatiske risen er meir produk-
tiv, men den afrikanske er meir robust og tilpassa lokale miljøvilkår. 

Den asiatiske risen stammar frå villarten Oryza rufipogon, som veks over store delar 
av Asia, frå Kina til India, med eit vell av tilpassingar, frå djupt vatn til godt inn på  
tørt land, til fjells og ved havnivå. 

Som vill kveite og bygg har den ytre sett lite som lovar ei framtid som verdas  
viktigaste matvekst. Vill ris har små, raudfarga korn med langt snerp. Når dei er mogne, 
drys dei og ligg i kvile til den biologiske klokka ringer og tida for spiring er inne.

Dyrka ris har alltid kvite frø som ikkje drys og manglar frøkvile. Den har to 
underartar, kalla japonica og indica (på kinesisk keng og hsien). Sidan dei ikkje er lette 
å krysse med kvarandre og kan gje sterile avkom, skjer foredling stort sett innanfor 
kvar gruppe, bortsett frå i nyare hybridsortar.

Desse geografiske namna skal ikkje bli tatt for bokstaveleg som «japansk» og 
«indisk», men heller som «temperert» og «tropisk» ris. Det meste av japonica-risen 
veks lenger nord (såkalla «temperert japonica»), men i tropiske høgland som Bhutan 
og Nepal finn vi tropisk indica i dalane, tropisk japonica lenger opp. Øvst temperert 
japonica med evne til å vekse i «isvatn» frå breane (etter tropiske mål, temperaturen 
er 16–18°C). 

Japonica har runde, plumpe korn, indica lange og smale, men frøforma er ingen 
sikker legitimasjon. Basmati blei rekna som indica på grunn av dei lange korna, men 
DNA-analysar har avslørt at den er japonica. Innan indica er det òg undergrupper,  
bl.a. er risen frå indisk Bengal via Bangladesh til Myanmar ei særprega gruppe. 

Kvar stod risens vogge?
Med støtte i arkeologi og språkhistorie har det vore rekna som bevist at dyrking av  
ris har opphav i Sør-Kina, men nyleg har den molekylære genetikken sådd ein viss tvil.

Dei første spora av sanka villris finn vi langs midtre og nedre delar av Yangtse.52  
I Shangshan nær Hangzhou er det grave opp tufter av hus, kvernsteinar, keramikk og 
sannsynlegvis vill ris datert ca. 8000 f.Kr. At overgangen til dyrking var gradvis, viser 
utgravingar litt lenger nord, i Long-Qiu-Zhuang. I dei eldste laga finst småkorna villris. 
Kring 7000–4000 f.Kr. blir dei gradvis større, omtrent som japonica-sortar i dag. Dess-
utan mistar dei snerpet typisk for vill ris, noko som tyder på at frøspreiinga er borte. 
Altså er det domestisert ris. Kring 4000 f.Kr. finn vi dei første rismarkene, verdshistorias 
mest vellykka og bærekraftige dyrkingssystem – attpåtil ein einsidig monokultur.

Dette viser ikkje at det bare har skjedd ein gong, sjølv ved Yangtse. Ved Ganges  
åt dei ris så tidleg som 7000–5000 f.Kr, men så endar (enno) spora. I andre delar av 
Asia kjem dei seinare: Taiwan kring 3000–3500, Thailand og Filippinane 2000 f.Kr., 
begge stader med tydeleg dyrka sortar. Desse funna er knytte til folkevandringar  
sørover frå Kina, noko som òg er vist ved språkleg og biologisk slektskap.53

Fig. 69. risle (aks) av ris. Foto: IrrI.
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Denne utbreiingsvegen var lenge «god latin», men molekylært er japonica og 
indica svært ulike. 54 Det må minst ha tatt 200 000 år å samle opp så mange mutasjonar, 
ikkje bare dei 7000 sidan menneska tok til å «sakte temme vill ris og lærte å forme 
sine samfunn etter krava som risen stilte».55–57 Med andre ord, stammar dei to frå ulike 
«temmingar» av Oryza rufipogon? Den eine har heilt sikkert skjedd ved Yangtse, og 
(av namna på ris) av Huong-Mien talane folk. Indica kan ha oppstått i dei arkeologisk 
ugranska områda frå Bengal til Myanmar.58

Men biletet er endå meir samansett. Det har vore trafikk over den genetiske kløfta 
mellom japonica og indica.59 Ei rekkje sentrale kulturplante-gen i ris har nemleg mutert 
bare ein gong og så spreidd seg. Mutasjonen for kvit frøfarge oppstod i japonica og kom 
snart etter til indica. Korleis veit vi ikkje, men kvitfargen kjem av dei same tapet av 14 
basepar i fargegenet. Det same gjeld genet for aroma i basmati, som vi finn att i indica- 
typen jasmin. Som i kveite og bygg har menneska ført sine ynda sortar med seg på reiser 
og langs handelsvegar. Korleis dette kan bli foreina med at japonica og indica har kvar 
sine opphav som er mykje eldre, er emne for intens fagleg diskusjon.60–62 Ulike moleky-
lære klokker viser ulik tid – fordi ulike DNA-sekvensar har ulik mutasjonsfrekvens. Som 
den framståande risgenetikaren Susan McCouch uttrykker det, kviskrar DNAet ei his-
torie som ikkje blei nedteikna[i bøker], men i genoma til plantene vi er blitt avhengige av.63

Fig. 70. I det risimporterande 
Filippinane tar bønder fram 
igjen eldre landsortar. Spesielle 
kvalitetar blir til nisjeprodukt på 
eksportmarknaden. Foto: IrrI.

Dagen føre boka gjekk i trykken, 
kom det ein artikkel som kastar 
nytt lys over risens gåte (Huang et 
al., Nature 490, 25. october 2012).  
Forskarane  sekvenserte heile 
genoma til 1083 typar av dyrka ris 
og  446 ville O. rufipogon. Genoma 
viser at indica stammar frå vill ris 
i India/Indokina, japonica frå sør-
Kina. Men alle dei 55 gena som 
menneske aktivt har påverka, kjem 
frå Kina! Når japonica så nådde 
Indokina, må den stadig ha kryssa 
seg med vill ris der og enda opp 
som indica. Dette flyttar risens 
opphav tusen km sør for yangtse, 
til Perleelva i Guangxi-provinsen, 
der vill ris stadig veks.
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Fig. 71. risdyrking i det gamle 
Kina (trykk frå 1880).
Foto: Getty Images.
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Risen i kinesisk historie64

Det er ein gamal klisjé å sjå for seg kinesaren sitje med risbollen, men faktisk fanst  
alt i steinalderen to kornhistorier i Kina: ein nordleg omkring Gule Elv, bygd  
på hirse og kveite, og ein sørleg omkring Yangtse, bygd på ris.65 Styrkeforholdet – dvs. 
produksjonsevna – mellom desse har bestemt kven som styrte landet: Keisardynasti 
med sete i «hovudstaden i nord», Beijing, eller ulike «hovudstadar i sør». Det klas-
siske Han-dynastiet (247 f.Kr.–210 e.Kr.) var eit høgdepunkt i den nordlege historia. 
Med hovudstad i Xian utvikla dei avansert jordbruk med treårig vekstskifte. Den  
relativt næringsfattige jorda blei berika med dyregjødsel (inkl. menneske) og nitro-
genbindande soyabønner. Favorittkornet var hirse, servert som ein dampa pilaff med 
grønsaker. Dei uvikla dessutan nudlar.

Men frå 500 e.Kr. flytte risavlen det økonomiske tyngdepunktet i Kina frå nord  
til sør. For å bringe det fornødne skattekornet nordover, fekk keisarane i Sui-dynastiet 
i Beijing (581–618 e.Kr.) bygd den store kanalen frå sør til nord. Med sine 1770 km 
og ei stiging på 42 meter står den som eit av underverka i førmoderne tid. Den blei 
makt basen for T’ang-dynastiet, men då det leid nederlag i 906, kom ei nedgangstid 
med krig og uro i nord. I sør var det ubroten økonomisk vekst, så Sung-dynastiet  
la hovudsetet sitt til Hunan, midt i kornkammeret. Mot år 1000 hadde folketalet  
blitt så stort at dei tok i bruk meir marginale jorde i åsane, såkalla uplands. Landskapet 
eigna seg for terrassar, men risen blei avhengig av regn, ikkje elvevatn.

Så, tidleg på 1000-talet, kom det nye rissortar og med dei ein liten «grøn  
revo lusjon». Sortar med kortare vekstsesong og toleranse for tørke blei innførte  
frå Champa-riket i dagens Vietnam. Dei gamle sortane trong om lag 180 dagar vekst-
tid, og rismarkene måtte stå i vatn heile tida. Dei nye rissortane mogna på 120 dagar 
og mindre og opna for risdyrking i område med kortare vekstsesong, eller dele den i  
to avlingar i året og tillèt eit langt sunnare vekstskifte. Den tradisjonelle seine risen 
heldt likevel stand i dei mest gunstige områda. 

Keisar Cheng-Tsung (998–1022) fyltest av eldhug for den nye risen. Ein kinesisk 
krønike fortel at då dei første avlingane blei skorne om hausten, samla Cheng-Tsung sine 
mest fortrulege ministrar for å smake på dei og skrive dikt til ære for Champa-risen og dei 
grøne linsene frå India. Dette var ein statsmann etter Sokrates’ hovud!

Det finst ei rekkje gen som styrer veksttid i ris . Genet Hd1 gjer at ris blomstrar til 
rett tid under korte dagar og er særleg viktig i tropisk indica. Når dagane i nord blir 
lange, vil risen blomstre for fort og gje mindre avkasting. Nyleg identifiserte den kine-
siske forskaren Qifa Zhang genet Ghd7, som bremsar dette så plantene utnyttar heile 
den lange veksttida.66 Resultatet er den tradisjonelle risen med lang vektstid og høg 
avkasting. Champa-risen hadde (truleg) kort veksttid fordi Ghd7 og ofte også Hd1 
var muterte. Dermed kunne dei mogne frå april til juli eller juli til oktober, eller gje 
moge korn heilt nord i Heilongiang og spire i kald jord på Hokkaido.67

Gen som dette skapte historie.
Etter tørkeåret 1011 gav keisaren ordre om storstilt bruk av dei nye sortane.  

Gjennom hundreåra som skulle kome, fekk risdyrkinga innpass i stadig nye område, 
frå havnivå til langt til fjells. Dei nye sortane medførte ein sterk folkeauke i sør og 
underbygde den politiske dominansen i mange hundre år. Frå 1500-talet fekk nord 
ein ny vår gjennom heilt nye vekstar som mais og potet, og kring 1800 var folketalet 
igjen meir balansert. Det «store spranget» i Kina skjedde altså nær 1000 år før Mao 
Ze Dong prøvde på det same (då med det resultatet at 20–40 millionar svalt i hel).

Ein risbolle av jern: kinesisk  
uttrykk for å ha fast jobb.
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the origin of maize 
cultivation
In its homeland, Mexico, maize is food to an extent that is difficult to convey. 
The average Mexican consumes half a kilo of maize per day, in various  
dishes. The most well known are tortillas, which should be de maiz, not de 
trigo, of wheat. An anecdote to illustrate: During an hour-long taxi drive 
through Mexico City I entertained the driver with exotic tales from my 
homeland, of glaciers, midnight sun and the cod in his dear, but far too dear, 
Christmas bacalao. He listened and chuckled. Then I added, and we don’t 
eat tortillas! He almost lost the steering wheel, while exclaiming in disbelief: 
So what do you eat?

Teosinte – the humble progenitor
Linnaeus gave maize the name Zea mays. Zea is a Greek-Latin word for grain, while 
the species name is a Latin spelling of the indigenous Mexican mahiz, meaning  
“life-giver”, to honor its origin. Still, the mother of maize was the subject of intense 
scientific disputes through most of the 20th century. Now, the disputes are settled. It 
was teosinte (which in Nahuatl means the grain of the gods). It grows wild in Mexico, 
often along brooks and in moist marshes. The problem was that our maize bears little 
resemblance with its presumed progenitor. This species changed so drastically in less 
than 10,000 years that it seemed at odds with an evolutionary process of slow and 
gradual changes. The Nobel Prize laureate, George Beadle, held that if the mutations 
had strong effects, as few as five genes would do. Through DNA sequencing of  
specific genes, the American geneticists, John Doebley68 and Edward Buckler,69 have 
shown that both sides were right. The basic changes in appearance and form come 
from a few major genes, while the wealth of fine- tuned climatic responses and  
the increases in yield are based on many minor genes.

Then, how did the tall and proud cob-bearing maize evolve from a lanky branched 
grass without any cob? Only a few mutations were needed and will be mentioned one 
by one: 

Fig. 72. Preceding pages:  
A palette of maize.

Fig. 73. Baking tortillas.  
From the Codex Mendoza.

Fig. 74. Diego rivera: The Huastec 
Civilisation, 1950 (mural). Fresco 
showing all aspects of traditional 
maize cultivation in Mexico.  
Photo: Banco de Mexico Diego rivera & Frida 
Kahlo Museum trust, Mexico D.F. 

Corn, as everyone knows but most of us often forget, is 
a gift to us from the indian race. in the early period of 
colonization, our ancestors on the atlantic coast were glad 
and even thankful to take the indian’s corn and to learn 
from him.

g.F. Will and g.e. hyde (1917): Corn among the Indians of the Upper Missouri. st. louis, p. 19.
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In maize the branches (or tillers) are more or less repressed, concentrating the 
plant into one strong straw. Not quite, though, for the cobs are shortened branches. 
The mutation teosinte-branched (tbr1) suppresses the tillering. Moreover, the maize 
apex has only male flowers, while cobs are all female. The flowers of teosinte are both 
male and female. We are heading for maize.

Then the cob. It seems too optimistic to call the brittle chain of seeds in teosinte 
a “cob” (Fig. 75). Each seed is enclosed in a hard capsule that protects it from being 
digested by birds. They shatter at maturity. Mutation # 2 is called teosinte glume archi-
tecture (tga1). It has pervasive effects. The capsule becomes a cup where the seed is 
openly displayed and may be shelled since it does not shatter. We know it from the pale 
residuals remaining on a sweet corn cob while we eat it. If we add two more genes to 
increase the number of rows of flowers, we come close to having a cob. 

These mutations – like the many in rice and the free-threshing Q in wheat – are 
dominant transcription factors, genes that control the activity of others. They are at 
the “head quarters” of plant development. The massive change in the maize capsule 
come from one amino acid change in a key protein, while reduced branching comes 
from tighter control of cell divisions. Though they account for only 5 per cent of all 
genes in a plant, transcription factors seem responsible for 80 per cent of the key 
domestication mutations. 70

Where was the cradle of maize?
In recent years a rather clear picture has emerged, where genetics and archaeology 
complement each other. The oldest maize cobs – tiny things some 3–5 cm long! – have 
been found in the cave, Guilá Naquitz, in Oaxaca in southern Mexico.71 The cobs have 
been dated to 4250 BC and clearly have all the major maize mutations in place. DNA 
fingerprints of wild teosinte from all over Mexico shows that the cultivated maize are 
most related to teosinte from the Balsas-basin, 200 km from Guilá Naquitz.72 The 
fingerprint, thus, dates the start to around 7000 BC, which corresponds well with 
seeds of cultivated squash from older layers in the cave.

Afterwards, maize expanded in Mexico toward both the south and the north. 
Maize starch granules recovered from ancient mill stones and clay vessels in Equador 
have been dated around 3000 BC.73 Maize cobs from northern Mexico (750–350 BC) 
and New Mexico (350–1300 AD) have all major mutations.74 All the six main races 
of maize seem then to have evolved.

Maize in Native American history
As in the old world, grain made great civilizations. In Mexico and Central America 
those civilizations were based on maize, beans, squashes and peppers; in South Amer-
ica on maize, potatoes, beans and the “pseudo-grain” amaranth. Already in the 1400s 
the Aztec capital, Tenochtitlan, – now Mexico City – had 1.5 million inhabitants, of 
which 1.1 were peri-urban farmers employed for intensive food production in a kind 
of fresh water Venice. Highly fertile mounds were built up from mud in the lakes and 
water channels between the mounds surrounded the urban core. Agriculture sup-
ported the city with local food and it enabled an impressive urban kingdom to be 
established with its own court, army, temples and religious football matches learnt 

Fig. 75. Above: typical spike of 
teosinte, seeds encased by a hard 
shell which remains when the 
spike shatters. Natural size ca. 5 
cm. Below: next to a typical maize 
cob. Photo: John Doebley, univ. of Wisconsin.

Fig. 76. Hopi Indian with hoe and 
corn, ca. 1902. Varieties adapted to 
extreme drought were sown down 
to 20 cm depth. often they were 
blue corn. Photo: Library of Congress.
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Fig. 77. From the Mexican Codex 
Borgia. upper left the rain god, 
tllaloc, making the maize seeds 
sprout. upper right attacks by insects, 
lower left by rodents. 
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from the Mayas. Like rice in Asia the maize developed far more tastes than a foreign 
palate may distinguish. First it was shelled heated in diluted lye. Then it was ground 
to the wet dough, masa. This was (and is) leveled into tortillas, or mixed with meat or 
peppers, inserted in dry cob sheaths and steamed as tamales, or mixed with water, 
cocoa and (later) sugar into the refreshing drink atole. Kernels of maize soaked in lye 
(hominy) and pork are the essence of the Mexican soup, pozole. Although the Aztecs 
mixed lye (ashes) and sour milk in the dough which then leavened in the oven as maize 
cakes – a method later developed into baking soda – they had no bread. 

The Columbian Exchange
The greatest favor that can be done to any country
 is to add a useful plant to its culture. 

Thomas Jefferson

Columbus arrived in the “West Indies” and “Hispaniola” expecting to find rice, but 
he found mahiz, instead. On November 6, 1492 he sent his men ashore to find the 
Emperor’s castle. They encountered a town of some one thousand inhabitants who 
lavished them with gifts, including“ a sort of grain, like millet, which they called  
mahiz, which is very well tasting when cooked, roasted or made into porridge.”75 In 
May 1493, back in the Royal Court in Barcelona, Columbus displayed the new grain 
– like an oddity from the land where “there were dogs that never barked”. Maize was 
considered an inferior kind of grain by the upper strata in society. Still maize (it was 
flint corn) spread at a fast pace, because it gave good yields, with which poor farmers 
were not spoiled. In Portugal maize by 1525 had replaced millet as the poor man’s staple 
grain, to the extent that maize in Portuguese is called milho. In 1550 the portals in the 
Palazzo Ducale in Venice were decorated with maize, but for tenants, it meant more 
grain for less work, and more straw for farm animals. They reciprocated with more dung, 
the chronic deficiency in the previous system. Polenta – maize porridge – became so 
popular that the people were called polentoni. Both landowners and the church had to 
give up their resistance to the use of maize, rather than wheat, as rents and tithes. 

Further east, maize put down roots to such an extent, that it for hundreds of years 
it was called Turkish Wheat. This may be misleading, since Ottoman rulers fed it, 
mostly, to the subdued nations in the Balkans and Hungary. The Turks stayed with 
wheat, as they had done since the Neolithic. Maize, however, became a Trojan horse 
in their empire. Relegated to the highlands, the Slavic peoples thrived so well on the 
new, fruitful grain that within a century it tipped the balance of power in the Balkans.

Maize arrived in West Africa in 1540 from the Cape Verde Islands, and a few 
decades later, through Egypt and into the continent. Because of its rapid growth, the 
young cobs provided food during the “hungry days”, before other crops were mature. 
Maize was also harvested and stored.

In the new world, colonists in north and south set their eyes on maize. The church 
quickly brought wheat. The first fields were sown by Juan Garrido in Coyacan, in cur-
rent Mexico City, in 1523. After all, Thomas Aquinas had taught that bread for Holy 
Communion could only be made from wheat (CIMMYT’s gene bank recently 

This little verse looks with more 
favor on the new grain:

Heer of one grain of maize, 
a reed doth spring
that thrice a year five hundred 
grains doth bring.

Fig. 78. From a calendar on Inca 
agriculture given to the Spanish 
King in 1580. In November a 
woman waters the fields from a 
small pond. Growth during this 
drought-prone month would  
often depend on irrigation.  
Photo: Leonard, First Farmers.

In Gerard’s famous Herball, or 
Generall Historie of Plantes (1597) 
it reads:

Turkey wheate [maize] doth 
nourish far lesse than either 
Wheate, Rie, Barly or Otes…
The barabarous Indians which 
know no better, are constrained 
to make a vertue of necessitie, 
and think it a good food; whereas 
we may easily iudge that it 
nourisheth but little, and is of 
hard and euill digestion, a more 
conuenient foode for swine than 
for man.
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retrieved samples of such ancient sacred grains). But the maize gave a better crop, in 
earthly terms. Indeed, pioneers arriving at Plymouth on the Mayflower on December 
21, 1620 might have renamed it Maizeflour, for they had maize to thank for their 
survival. Had they not found a cached store of maize, the new arrivals would have 
starved to death. The next spring twenty one of them were taught the art of maize 
cultivation by the native, Squanto. They made holes in the ground with a pole and 
deposited two seeds and two small ale wives, for a total of 100,000 plants on their 20 
acres. Day and night, they kept watch over the field and chased off any approaching 
birds, who were avid for corn or herrings. The field prospered, and soon after silking, 
they enjoyed the blessed sweet corn and a rich harvest. Puritans in the north and 
Catholics in the south secretly converted to corn. Wheat was still considered the  
better grain and prevailed as the sign of prosperity for English immigrants who wanted 
to free themselves from gruel of oats and barley. In 1654 Edward Johnson wrote from 
the Land of Promise: Now good white and wheaten bread is no dainty, but even ordinary 
man hath his choice.76 Still it would take 200 more years until wheat got its break-
through in North America. In the meantime, maize convened immigrant and native 
around the same grain, if not the same table.

Crossing the Middle Passage: Black rice and the potato
In 1336 the Canary Islands were discovered by Portuguese sailors, and they soon  
went yet more south. After hundreds of barren kilometers along the coasts of Maure-
tania they reached the river mouths of the Senegal and the Gambia. Along these rivers 
they found an ingenious agriculture based on rice. Hence, the coastal strip south to 

Fig. 79. Theodor de Bry  
(1528–1598): Indians planting 
maize in Florida (1591).  
Photo: Library of Congress.
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Guinea at first was called the Grain Coast or the Rice Coast, and later the Gold Coast. 
After Columbus’ time, the Canary Islands, and especially the Cape Verde, were im-
portant stopovers in the traffic across the Middle Passage from Europe to America. 
In her book Black Rice77 the American historian, Judith Carney, tells the unwritten, 
dark history of rice and shows that the technology of rice cultivation in the swamps 
of Virginia was an African import. Food on board the ships was largely rice, purchased 
on the African coast, like their other cargo, slaves en route to South or North Ameri-
ca. The rice seed they brought in their baggage, the slaves planted on plots cleared 
near their huts. The phenomenon caught the attention of their owners, who estab-
lished their own rice plantations. The slaves from West Africa were not mere brute 
brawn, but prized as skilled workers, as shown by an advertisement on a Danish slave 
trade ship on July 11, 1785: A choice cargo of windward and gold coast negroes, who have 
been accustomed to the planting of rice. Although the slaves (due to their inherited 
sickle cell anemia) withstood the malaria in the rice fields better than white, they still 
succumbed and had to be continuously “replenished”. Thomas Jefferson’s praise  
referred to rice, but he added that [it] sows life and death with equal hand. Since the 
African rice easily broke during the dehulling and was red in color, it was soon replaced 
when a long grained tropical japonica arrived from Madagascar. Under the name 
Carolina Gold it was exported to Europe, establishing the first modern world market 
of grains. 

In the Columbian exchange one cannot bypass the potato. In South America the 
conquistadors reported home on high civilizations based on unknown plants like 
potatoes, maize and beans. In 1537 Juan de Castellanos Jiménez de Quesada wrote 
in his diary in the province Velez, Colombia:78

 
The houses are well stocked with maize, beans and truffles [potatoes], 
spherical roots which are sown and produce a stem … they are attached 
under the earth and are the size of an egg more or less …

Let the sky rain potatoes!
Shakespeare, The Merry  
Wives of Windsor.

Written and performed during 
the hunger year of 1596, this 
comic remark by Falstaff evokes 
the biblical Manna from Heaven 
– except that bread is replaced by 
potatoes, the new bread.

Fig. 80. Genetic diversity of  
South American potatoes.  
Photo: Centro Internacional de la Papa,  
CIP, Peru.
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In the Andes the potato has been cultivated for at least 5000 years, and there are more 
than 160 tuber bearing species in the genus.79 The potato came to Europe a mere 
decade after its first written record in Peru. Again, the Middle Passage was the route. 
There is written evidence of cultivation in the Canary Islands in 1567. In December 
1573, a hospital in Seville purchased potatoes for Christmas. During the rest of the 
century in major European ports, it was a luxury, a Christmas-time vegetable.

But is it so certain that the first potatoes came from the Andes? The potato has 
two subspecies, on from the Andes (Solanum tuberosum ssp. andigena), another (Sola-
num tuberosum ssp. tuberosum) from the Chiloe islands in southern Chile. There, at  
43 degrees south, they were already adapted to long days (which demands mutations 
in two genes). Again the molecular traces track the route taken. Potatoes from Chiloe 
have a marker, a mutation in the mitochondria in the cells. In old herbarium speci-
mens, this Chiloe marker does not occur until 1811. Therefore, all European potatoes 
prior to this came from Peru.80

The adaptation had to take time. Not surprisingly, it survived on the southern 
coast of Ireland and was readily accepted. By 1750 the average daily consumption 
was three kg of potatoes per person. When the late blight epidemic struck in 1845 
most potatoes were of the andigena type and without any resistance. Since London 
not only left the Irish to fend for themselves, but also imported Irish grain into 
England, the potato “has done more to divide Ireland from England than Cromwell 
himself ”.81 More than a million Irish died in 1845–46, and the subsequent emigra-
tion of another million changed America forever. Since then, the more resistant 
potatoes from Chiloe have dominated potato production. How would history have 
looked if they had come first?

As a food it followed the religious struggles of the 1600s. Through the recently 
established Carmelite Order and its monasteries, the potato spread from Spain.  
When the Thirty Years War ended in 1648, Protestants became the preeminent potato  
missionaries. However, popular resistance was severe. King Frederic of Prussia enjoyed 
his potato meal on his balcony in order to convince his people that eating it was safe. 
In 1748 the potato was forbidden by the National Assembly in France as a possible 
agent of leprosy, because the rugged tubers allegedly resembled leprous skin. In the 
1700s potatoes laid the calorie basis for the English Industrial Revolution. Without 
the potato agriculture would not have generated enough food to feed a working class. 
A few decades later in France, Parmentier convinced King Louis 16th, to plant potatoes 
at Versailles, while flanked by Marie Antoinette. Still the potato did not prevail in 
France until the time of Napoleon. The cry for bread ignited the French Revolution, 
but what if they had had the potato?

As a ship provision rich in vitamin C, it was carried overseas, to China in 1600, to 
Virginia in 1620. The potato has largely remained a temperate crop and did not arrive 
in Africa before 1880, where today it expands faster than any other crop. In Bangladesh 
it has advanced from zero use in 1970 to third on the menu today. In 2005, for the first 
time, tropical countries produced more potatoes than temperate countries.

We have followed some crops from the first gathering in the wild and through their 
domestication. We have seen the way crops and people became mutually connected. 
We have followed the crops migrating across the Middle Passage. Through the Colum-
bian exchange, domesticated plants effectively were globalized centuries before the 
word became fashionable at the turn of the millennium. 

Papa
they call you,
papa 
and not potato, 
not were you a Spaniard.
honored are you
like the hand 
that works the soil, 
enemy of all hunger
in every nation
they buried your victorious
banner,
silent one, 
flour of the
subterranean night, 
inexhaustible treasure

of the nations.

Pablo Neruda, Ode to the Potato.

The exact origin of the European 
potato has been a matter of long 
dispute, because of its wide 
genetic diversity, and the manner 
in which it adapted to European 
conditions. The potato is a so-
called “short day plant” which 
flowers and makes tubers when 
days are shorter than nights. 
Since the Andes are on 18 degree 
southern latitude, the tubers are 
triggered at tropical day lengths  
–  around 12 hours. In the long 
European summer days (Madrid 
is at 40 degrees north), this 
would not be before September. 
Only in southern Spain would 
potatoes be spared from the 
great danger – frost – and could 
make mature tubers and be a 
Christmas vegetable!

Fig. 81. A farm family in San José 
de Aymara having a meal during the 
potato harvest. Photo: CIP.
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nOrdiC 
grains 
ThrOugh 
6000 years
From the Fertile Crescent grains spread in all 
directions: east into asia, south to ethiopia, west along  
the Mediterranean, and towards the north. Traffic was  
not one-way. naked barley spread from the indus valley  
to all regions where barley was grown. Foxtail millet  
from China was commonly grown in the european 
bronze age. how did they get that far?

OaTs: a grain, which in england is generally given to horses, 
but in scotland supports the people.

Dictionary of the English Language (1755) by Samuel Johnson (Englishman)

True, but where will you find such horses, where such men!

Lord Elibank (Scotsman)
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Grains took two routes towards Europe and Asia. One route went west or east along 
the Mediterranean or into Asia. This demanded moderate change in the basic adapta-
tion to climatic conditions. The north side of the Mediterranean was the route of 
emmer and later durum wheat, the latter establishing the pasta-based food culture. 
Through North Africa durum developed into dishes such as couscous and bulgur. 
After millennia the two met in Moorish Spain. The fingerprints of Spanish durum 
wheat today tell us about this meeting. From the Mediterranean there was also a route 
along the coast, where bread wheat seems well established in Celtic times. The great 
traveler Pytheas (330 BC) wrote that it was “abundant in the south-eastern parts [of 
England] and that threshing was carried out under cover in barns.”82 – The other 
northward route probably went from Anatolia in Turkey, to Greece, the Balkans and 
up the Danube. The Vinca culture widespread in the Balkans first grew emmer, einkorn 
and barley, later free-threshing club wheat. 

We must not pass by the legendary, fertile, black soil along the north of the Black 
Sea. Herodotus tells about the grain export from this early Greek granary south 
through the Bosporus, which was later conquered by Macedonians and finally by 
Rome. In the legend of Jason, his “golden fleece” has been interpreted as the rolling 
wheat fields of the Crimea ( Jason was the son of Demeter and the first plowman). 
Very aptly, the Ukraine flag has two colours, yellow wheat under blue skies. The 
ancient grain and bread cultures from the Ukraine, the Caucasus and Central Asia are 
too little known. Georgia, for example, has 14 different wheat species of which 5 are 
unique. The Babylonian tannur type of oven is used from Caucasus to India (tandoori) 
to bake the flat bread called nan from Iran to India.

The grains at the sources of the Danube and the Rhine
Where the Danube enters Germany, along the Boden See, and in other areas from 
Schwaben to Switzerland, we find an established grain and bread culture as early as 
4000 BC. Round ovens were made from clay with tressed branches and an opening 
at either end. A porridge-like dough was pasted onto round, flat stones and roasted. 

Fig. 82. Dating during the barley 
harvest. From Nesset, Eikesdal, 
Norway (1880–90). Photo: Axel 
Lindahl, the Norwegian Folk Museum.

Fig. 83. Stone carving from 
tannum (Sweden). Man  
plowing with the ard and  
two oxen. Photo: Gerhard Milstreu, 
tannums Hällristningsmuseum.
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Several specimens of these breads were found in the mid 19th century and later dated 
to 3500BC. Through his long life the Swiss archaeologist, Max Währen,83 studied such 
old breads and bread cultures. He showed that these “lake dwellers” (Pfahlbauen) 
were baking sourdough breads from club wheat, flax and millet as early as the Egyp-
tians. Emmer and einkorn are also very old in this region. We see this in names like 
the Emmenthal valley, and the “ice man” Ötzi had einkorn in his pockets, when he died 
around 3300BC. Spelt, however, was absent at that time. It arose around 2000BC 
through a reverse cross between club wheat and emmer. 84, 85 Since the Bronze Age it 
was common in Central Europe and a staple of the Alps as late as 1900, because of its 
thriftiness and its ability to germinate in cold soil. It is then doubtful that spelt is the 
“original grain.” If emmer, einkorn and spelt were left behind by evolution, they enjoy 
a renaissance today. Spelt is sought for its taste, when baked with sourdough – with 
yeast it is much more difficult to handle than modern bread wheat.

The first Nordic grain cultivation
With a very uneven pace of one kilometer per year, it probably took 2000 years for 
the grains from the Black Sea to reach the North and Baltic Sea. Domesticated animals 
and plants arrived at the same time, around 4000 BC. About 3200 BC grains were 
grown in Jutland, along the Swedish west coast and the Oslo fjord. There the settle-
ments were situated on the large esker – light, well drained soils covered with forests 
– deposited by the long-retreated glacier. With poor equipment – at most a hoe – the 
heavier clay soils were unproductive or still sea bottom. Lush hardwoods with fertile 
soils were cleared for fields or pastures. Such a system implies cooperation and 

Fig. 84. Black emmer from Gotland 
(Sweden). Photo: riina Noodipera/  
Föreningen Gutekorn.
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common management, which is archaeologically documented through numerous 
communal graves. Safe indicators for the presence of grains are the findings of sharp-
necked flint axes, for clearing woods, and pollen grains in the bogs. Flint from Danish 
and southern Swedish limestone cliffs were polished into axes so coveted by the gods 
that they were sacrificed in bogs along lakes and rivers. Round clay plates may have 
been used for baking primitive breads. Occasional imprints of grains have been found 
caught in the clay. In the warm Bronze Age climate demanding grains like emmer, 
einkorn or naked barleys were common from Yorkshire to central Finland, again on 
sandy glacial eskers. Rye pollen dated 2170 BC shows that it occurred among the 
emmer, which then disappeared towards the much colder Iron Age (0–200 AD). 
The surprise was great when the living remains of emmer, einkorn and spelt were 
found in a field in Ardre in Gotland (Sweden) in 1965,86 but also club wheat was grown 
in Sweden up to 1900.87 

In the Landa settlement in Ryfylke in western Norway88 we may follow two 
millennia (1500 BC–500 AD) of changes in climate and grains. In the early phase 
we find emmer, spelt (Fig. 85) and naked barley, as well as daggers, jewelry and 
bronze utensils coming from copper mines in south-west Europe. A huge, techno-
logical advance was the oxen-drawn ard, as seen in the famous stone carving from 
Tannum (Fig. 82). Stones in the soil quickly wore down the sharp, but wooden tip 
of the ard. Later a more robust and deep-digging bow ard, was developed (probably 
of Roman origin). No horse was put before the plow. Indeed, the Wagon of the Sun 
itself was drawn by a divine horse. It was an animal fit for riding and fighting, and 
it did not become part of the mean work force until the High Medieval Age, after 
the invention of the harness. 

Fig. 85. Spelt wheat field outside 
one of the reconstructed houses  
in the Bronze Age settlement, 
Landa, in western Norway. 
Photo: Archaeological Museum, Stavanger.
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How much work went into the grain supply? If one assumes that 2/3 of the calo-
ries came from the cultivated field, one person would need 150 kg per year. English 
experiments have shown that a household of six would demand an area of 1.8 hectares 
and six weeks of work in spring.89 Since plowing and picking stones was heavy work, 
the same field was used year after year. Because the ard was drawn in both directions, 
over time, the tip made a characteristic grid in the subsoil. People may also have  
fertilized the fields. Such an extra effort would stimulate fencing, and stone mounds 
became stone walls in a society more stratified than before.

By the Iron Age – from 500 BC – wheat had disappeared. May be the winters were 
too tough – spring wheat was unknown till a few hundred years ago, when introduced 
from Siberia.90 In Landa they grew the usual, covered barley, with oats as a weed. As 
the climate improved around the time of the birth of Christ, they gave spelt and naked 
barleys a new try, but soon gave up. In the cold migration times – around 500 AD – 
oats and later rye prevailed in the fields.

The main advance of the Iron Age, hard metal, made marked improvements pos-
sible, such as iron cover for the tip of the ard, stronger sickles and scythes for cutting 
hay. The Roman rotary grinder was adopted quickly and replaced the saddle quern. 
Besides providing more calories, agriculture also led to marked changes in attitude 
and thinking. While hunters sacrificed to gods who could send the game into their 
hands, farmers were preoccupied with fertility. The identity of plow/seed/semen – 
abundantly evident in the stone carving from Tannum (fig. 83)! – is but one of many 
examples. The union of the god Frøy with the goddess of growth Gerd is the Nordic 
variant of the divine intercourse described in Babylon. 

But no grain production could alter a harsh nature that was more fit for animal 
husbandry, hunting and fishing; a fact evidenced in Norse mythology. In the Mediter-
ranean religions, the grain died and was resurrected to new life. In the Norse Valhalla, 
each night the boar, Særimner, gave his life for dinner, only to be pleasantly present 
next morning. And while wine was the central drink in the south, beer foamed in the 
drinking horns of Valhalla. Agricultura non student [agriculture does not interest them], 
said Julius Caesar of the Germans. Their interests were cattle and war.91 Through the 
millennium to come their interest would grow. Maybe one reason could be the attach-
ment to the grain product called beer? Besides, more grains meant more food, more 
people and greater strength at war.

Grains and kings
Like in Babylon, Egypt and China royal power relied on grains. According to the myth, 
Skjold (Shield) – the first king of Denmark – reached land as an infant in a small ship 
with his head resting on a sheaf of grains, like in a Christmas crib. Very aptly his father’s 
name was Sceaf (sheaf). As the supreme representative of the gods, the King had to 
secure the annual harvest. Failed crops and hunger could lead to social unrest, but 
worse, it sowed doubts about the King’s ability to provide. King Domalde in Uppsala 
experienced this. After three years of failed harvests, his blood was shed on the sacri-
ficial stone altar of Odin and Frøy. Then luck and prosperity was restored in the land. 
In the saga of St. Olav, grains also play a key role. In northern Norway crops often 
failed, and a local chieftain, Asbjørn Sigurdsson, who was accustomed to lavish ways, 
went south to his cousin for provisions. But the King forbade all grain sales – malt or 

Since the so-called bog corpses 
(“mose-lig”) found in Danish  
bogs had such poor teeth, the 
archaeologist Hans Helbæk could 
read their menu. The last meal of 
the man from Grauballe in Jutland 
(200–400 AD) contained:

Grains: spelt, emmer, some rye, 
naked and covered barley
A host of weed seeds –  
more than 60 species!
The dangerous fungus ergot,  
some sand, pebbles etc.

The woman from Huldremose  
in Zealand (100 AD) had a  
leaner diet, only rye with weeds.
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flour – to the north. To be brief, there is a direct line from this insult to the spear that 
killed the King in the battle of Stiklestad in 1030 – the pivotal event in Norwegian 
history, which lead to the adoption of Christianity and sainthood for the king.

The Danish King Olav Hunger (1086–1095) got his doubtful epithet from grains. 
The historian Saxo (1160–1208) describes the dire need that came upon the country 
when of King Olav had King St. Knut92 assassinated: 

“In the spring and summer all grains were scorched by the strong heat, then 
in the autumn the rains poured so that whatever had thrived in low pockets or 
in moist and heavy soils, now was stricken by unceasing rains and floods… 
Farmers would row in small punts in their flooded fields and harvest the spikes 
that stood up, which were then dried in glowing baking ovens and then at last 
milled; it was no good for bread, but it would do for porridge. There was such 
a famine, that many of the people succumbed from lack of food: The rich man 
became poor, and the poor man died; the nobles were deprived of their goods, 
the poor of their lives. For when the well-to-do were short of food, they bought 
their survival by gold and silver; but the poor folks, who had neither beasts 
nor estates, were pining from hunger throughout the land. The King himself 
had in to exchange some manors for grains, put his fields up for sale and buy 
food for the pennies…”

When, in the tenth year of his reign, the King did not have the least piece of bread to 
offer his guests, he so despaired that he bade God to accept his life as atonement, a 
plea that the Lord accepted. Then, ill luck turned from the land. When King Erik the 
Good ascended the throne (1095–1103):

“The famine was laid in its grave with its cause… The days of King Erik brought 
people solace for pains and evil harvests. The grain got ample rains at the right 
times and regained its power of growth, yes during his reign the fields yielded 
such an abundance than grains would cost but a penny a bushel.”

Fig. 86. Plow drawn by four  
oxen. The horse did not become 
a draught animal until the harness 
was developed in the High 
Medieval Age.  
Photo: From the Lutrell Psalter.
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Bread and beer in the Viking era
What did Iron Age and Viking bread look like? In the Poetic Edda the poem, Rigstula 
(ca 1100), describes how the god, Heimdall, visited the world in shape of the man, 
Rig. Wherever he went, he was well hosted, but the menus differed.

In the house of the slave he was served ökkvin hleif, thungan ok thykkvan, thrunginn 
sádhom – a doughy bannock, heavy and thick and filled with glumes. It scratched his 
throat when he managed to swallow it. Probably it resembled the öskubakat braud – 
ash baked bread: a dough made from coarse flour mixed with water, no yeast, envel-
oped in a cabbage leaf and roasted on coals. Similar breads have been found in Mid-
Sweden, on the island Birka in Lake Mälaren, a major commercial centre from about 
700 AD and into the Viking era.93 These breads are round, about 5–7 cm wide and 
1–4 cm thick, and baked from coarse ground barley with some sand from the quern 
or bark. 

At this point we would have liked to know what Rig was offered at the farmer’s 
table, but this part of the poem has been lost. At the Earl’s he was offered a delicious 
meal. The table was laid with a fine linen cloth, and the bread was hleifa tuna, hviti af 
hveiti – thin and white wheaten loaves, and “roasted fowl and dripping bacon” on top. 
The thin loaves were certainly baked on flat stone or iron pans, known since the 600’s, 
and may correspond to the flat glödkakor (glow cakes) or bannocks (lefse) known 
under many names.

A similar detailed menu is found in the Kalevala: 

Then they all were called to table, 
offered food and offered good drink,
there was meat in handsome pieces, 
barley porridge wrapped in bannocks,
there was beer, brewed malt of barley,
beer brewed from the malted wheat.

That bread or beer was made from wheat was 
highly unusual at the time – most likely bread 
wheat did not reach the Nordic countries before 
the Viking era. It was a luxury grain, grown only 
in the most favorable parts, such as Scania and 
Denmark, or imported from England, as wit-
nessed in the saga of Egill Skallagrimsson. In the 
year 875 the Icelander, Torolf Kveidulfsson, 
loaded his ship with wheat, honey (for mead) 
and wine. Vikings out looting also visited 
churches and monasteries for more than gold 
and silver: The tithes, preferably paid in wheat, 
were a designated target.94

Fig. 87. The Nersten horn 
(Norway). The local governor of 
Stavanger, de Fine, wrote in his 
account: “With an innkeeper at 
Sandnes in Høyland Parish there is 
an exceptionally beautiful drinking 
horn, enveloped with copper and 
elaborately gilded.” 
Photo: From the questionnaire Norway in 1743. 
original in National Library oslo, Manuscript 
collection.
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New grains in the north: Oats
The main grains of the Bronze Age were naked barley and emmer wheat, mixed with 
club wheat, spelt and einkorn. When the climate cooled down, two other grains rose 
in the north, namely rye and oats. The oats were first. Like the other temperate grains, 
oats originated in the Middle East where the wild Avena sterilis is common along the 
inner Mediterranean. The dark brown seeds shatter to the ground and, with their long 
hygroscopic awns, burrow into the soil where they may remain dormant for years. As 
a weed in cultivated fields, the wild oats followed the more valued grains northward. 
In the cool north, and especially in nutrient-poor or acid soils, wild oats thrived better 
and would take over the whole field. In a way, it domesticated itself through two 
clever tricks. First, a mutation prevented shattering. Oat seeds were harvested along 
with the main grains, threshed and re-sown as a free-loader the next year. Oats then 
took over many a field intended for the more cherished grains, and farmers turned 
necessity into a virtue and gave grace for the harvest they got. This process is particu-
larly clear in excavations sites in north-western Europe where oats came to dominate. 
Up to the 20th century grain blends, an oats and barley mixture, were commonly grown. 
People observed that the mixture gave a more stable output. However, some years the 
harvest was mostly barley, in other years mostly oats. The popular explanation was 
the so-called “transformation theory” – that barley turned into oats. In the Sweden  
it was said that barley turned into blend or blend ran into oats.95 As late as 1860 the 
Norwegian writer, A.O. Vinje, argued against this, claiming (correctly) that poor soil 
drainage gave oats an advantage over the more sensitive barley.

But oats could also turn wild again – become a “feral” weed. The natural shattering 
gene in oats had not been disrupted, only “turned off ” – prevented from expression  
by another gene. If this switch is uncoupled, wild oats resurrect as weeds. Such wild 
oats have been feared and cursed since time immemorial. As the Nordic names flying 
oats indicate, the seeds – or more precisely the spikelets – fly to the ground like in a 
wild cereal.

The Romans detested oats. In his Naturalis Historia Pliny wrote with disdain that 
“the races of Germania grow crops of it and live entirely on oatmeal porridge”, and 
that on the islands of the Baltic, people subsisted on “oats and birds’ eggs”. Thanks to 
the occupation of Germania and northern Gallia, their eyes were opened to the virtues 
of oats as horse feed. Besides, the straw was excellent as bedding in barn and stable, 
where it absorbed the urine and made fertile compost. After the invasion of Celtic 
Britannia in the year 43 AD, the Romans sowed oats for their large cavalries. In the 
Celtic north and west, oats did so well that it became the staple grain, although to finer 
Anglo-Saxon palates such oaten bread was always an inferior foodstuff. In a theologi-
cal debate, about 415 AD, Jerome castigated his foe, Pelagius. as a great fool weighed 
down with Scots porridge. 

In the Celtic areas, oats remained the staple grain until the late 1800s, when 
imports from overseas made other grains available and affordable. In other parts of 
Europe, oats had mainly empowered horses. A horse eats twice as much as an ox and 
relishes in energy-dense oats. But the horse works more than twice as fast as the ox. 
The intensification of agriculture during Medieval times – with crop rotations, heavier 
plows and better tillage – all relied on the horse. This made oats a major crop, yet it 
came last in rotations, after the more demanding barley and rye (and occasional 
wheat). Beyond the fields, oats were fuel no.1 in the transport industry, which allowed 

Oats were widely grown in China 
2000 years ago and may have had 
an independent origin there.  

Sow one’s wild oats: to blow one’s 
top, express anger; be reckless and 
get into trouble. 

Meal Monday: Autumn midterm 
break in universities in Scotland. 
The name is reminiscent of the 
time when students had to go 
home for new oatmeal provisions.

In times of scarcity the poor always 
feels the pinch first:

[t]he price of corne of late has 
been so high that the poore 
laboring man is driven to content 
himself with the horsse-corne, and 
therefore it is a true proverbe that 
“hunger setteth his first foot into 
the horsse manger”.

William Harrison, Description of 
Britaine (1577)

The Scots themselves credited the 
oatmeal – parritch – for “the fine 
spirit of philosophical enquiry, 
mental research, and prudential 
conduct which distinguishes the 
Caledonians”.96
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for an increasing mobility. During the industrial revolution the number of horses in 
Great Britain doubled, and they demanded their oats. Even as the grain production 
in Europe declined due to imports in the late 1800s, oats still increased due to the role 
as fuel. Around 1900 oats covered one half of the Swedish cereal acreage.

New grains in the north: Rye
Rye – at least wild rye– has been found in Abu Hureyra, but it became a crop in its 
own right in northern and eastern Europe. Like oats, it arrived as an insignificant weed 
among more noble grains. Few Roman authors mention rye, and if so, in pejorative 
terms. “Rye smells”, said Galenus about the sourdough baking in Thracia, and Pliny’s 
estimation of rye was (if possible) even less sympathetic than oats.97 

There are several reasons for this. Not only is rye more winter-hardy, it also needs 
a more continental climate. Cold also leads to less shattering. At home in Anatolia, 
the seeds fall to the ground due to brittleness and germinate with next year’s grain. 
Vavilov noticed that in the far north and in the mountains, shattering was reduced, so 
that the rye followed the harvested crop. Since rye also did better than emmer in tough 
environments, farmers had to accept what they got. A large surge in rye cultivation 
occurred when people began to cut the straw closer to the ground, not near the spikes. 
Then rye was unavoidable.98 By 200 AD, rye was a bigger crop than barley in the sandy 

Fig. 88. Slaves under the Penny. 
Painted by Eero Järnefelt (Finland, 
1893). Swidden agriculture was 
practiced in the spruce forests of 
Finland – at that time a waste 
wilderness. rye tolerated the acid 
soils better than other grains.  
Photo: Atheneum, Helsinki.
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soils of northern Germany and from the migration times, around 500 AD, it had 
become an important crop from the Ukraine to Finland and Jutland. At that time the 
Anglo-Saxons took it to England. Because it was less demanding than barley and 
wheat, it thrived on “the meager heaths of Jutland”, as the Danish poet Jeppe Aakjær 
wrote in his classical book The Songs of Rye (1906). When Hans Helbæk found rye in 
the stomach of the man from Grauballe and the woman from Hudremose, he consid-
ered them as weeds among barley. Not until the Fyrkat Castle (ca. 980 AD) did he 
find seed grain of pure rye. He concluded that it did not emerge as a crop of its own 
until the Medieval Ages. However, recently the Danish archaeologist, Peter Hambro 
Mikkelsen,99–100 has shown it was as early as the mentioned German. In iron melting 
pits straw was shown to be used as a fuel. Occasionally, molten metal would enclose 
bundled straw and preserve it. The latter was unique – authentic Iron Age soil!  
It turned out that the soil surrounding rye roots was leaner than in barley. Might the 
latter be amended with dung? Besides, barley soil contained seeds from summer 
weeds, rye from spring weeds. Could it be that winter rye was sown after spring barley 
sown after the harvest of barley? If so, this pattern resembles a threefold crop rotation. 
If crop rotations arrived that early or as a Roman influence, it may also explain the 
strong economic growth in Denmark beginning in the second century. The use  
un-threshed straw is also a sign of surplus.

More than anybody else, the Finnish researcher, Hannu Ahokas,101 has written the 
history of rye, and has shown that Finland holds a prominent place in that history. 
The previously mentioned Finnish rye pollen (ca. 2170 BC) tells of its early arrival, 
although the oldest seeds date from about 100 AD.

In the swidden agriculture practiced in Finland people sowed rye at midsummer 
in fields of turnips or spring barley (juureinen, hence the name “St. John’s Rye” or 
“Johannes-Roggen” in Catholic countries. The rye would then provide a rich harvest 
the next year. By burning the soil, naturally shattered seeds would be destroyed, and 
thus, the seed selection procedure promoted non-shattering. Already in early Medi-
eval times, Finnish rye was coveted by commercial or military means (or both). From 
the 1100s it was frequently looted from the eastern Novgorod, and in 1230 Pope 
Gregory IX instructed the Hansa ports around the Baltic to protect Finland against 
Russian robbers. The commercial ports in the Hansa Association enjoyed royal “priv-
ileges” in the lively trade between the Baltic Sea and the western Nordic region 
(including the Faroe Islands, Iceland and northern Norway). The principal products 
were rye, malt (barley) and wheat with stockfish and herring traded in return. Rye 
coming on riverboats from the Polish provinces in Western Ukraine was shipped from 
Gdansk. In 1320 – when Finland was a Swedish province – king Magnus imposed a 
special rye tax (Rughskat) from the swidden areas around Viborg. The rye tax was to 
be sent directly to Sweden. As late as 1550, the historian, Olaus Magnus, wrote that 
daily rye bread was common only in Finland, although in late medieval times its was 
also common in Denmark –which included southern Sweden and the Baltic Islands. 
Rye was bread and barley was malt, wheat was insignificant.102 In the years 1575–1660 
the Finnish immigration through the central Scandinavian spruce forests, took the 
swidden agriculture to Sweden and far into eastern Norway. (A few years ago a few 
viable seeds of the Finn forest rye were discovered inside logs of an old granary.) Many 
Finns also “emigrated” involuntarily, as slaves, to Siberia and elsewhere in Russia. 
Hannu Ahokas has shown that they not only took seeds with them, but also tools and 

Fig. 89. Man broadcasting seed. 
From a Medieval manuscript. 

In the law of Withraed of Kent 
(595–96 AD) the month of 
August is called Rugern, the  
month of rye harvest.
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terminology. This also applies to the emigration to the United States. Rye from Vaasa 
was highly prized in the colony New Sweden. 

The word rye also points to Finland, after having been considered to be of 
“unknown” origin. Ahokas holds that the root of the word is the Finnish ruoko/ruogo, 
meaning “straw” or “reed” – as in old ways of spelling (straw) roof, roughe. Another 
use of the word is to rogue, or weed. Through consonant shift it has become rug  
in Danish and Norwegian, råg in Swedish, rugr in Icelandic, ry(g)e in Anglo-Saxon, 
ruggin in Dutch, Roggen in German. The traces may also be followed into Baltic and 
Slavic languages. 

Medieval grains – enough for all?
In medieval times there was a strong growth in population and grain production. Then, 
as now, the growth in grain production occurs through increases in cultivated land 
(extensification) or by increasing the output per unit of land (intensification). Both oc-
curred in medieval times.103 In Europe the wheeled plow, drawn by oxen, enabled the 
cultivation of heavier clay soils. The amount of arable land quadrupled between 1000 
AD and 1200 AD. In the relatively warm Nordic region, barley was grown up to an alti-
tude of 800 meters and to the latitude of 70°. Just as important to growth was the in-
creased output. Since the vast majority of farmers were tenants, who paid levies, taxes 
and tithes, it was in the interest of the upper classes to increase the farmers’ productiv-
ity. Also, the Church did not appreciate the German affection for meat. Fasting time 
accounted for more than half the liturgical year, during which people needed nourishing 
food. More draft animals meant more meat and milk. Other important food changes in 

Fig. 90. The Country Law (1274) 
of the Norwegian king Magnus  
the Lawmender specifying 
countermeasures against dearth in 
years of crisis. “Where there are 
grains to spare, they shall be sold 
to whoever needs them at a price 
which is affordable by most.”  
Photo: The royal Library, Copenhagen.
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the 1300s had salt added into butter and bread with cheese as smørrebrød or smørgås.104 
By growing grain after grain without fallow periods, the soil became impoverished. In 
southern Scandinavia three- or four-year crop rotations were dictated by law – first year 
required a planting of barley (in England winter wheat), then the more thrifty rye in the 
second year, followed by fallow or oats in a third year. 

The use of fertilizer became common practice and nitrogen-fixing legumes (forgot-
ten since Roman times) were rediscovered. Plowshares of iron improved tilling and 
weed control. Together, with improved varieties, these practices gradually increased 
the number of folds or the return – seeds harvested per seed planted in Stone and Iron 
Age agriculture estimated average of 200 kg of seed sown per hectare produced 400 
kg in harvest, the return would be 400/200= 2. In high Medieval times returns had 
increased to 4 (even in the fertile England or France ten folds were an exceptional 
bounty) and could be increased by autumn sowing and by higher density sowing. 
Since scales were rare, grains were mostly measured in volumes such as bushels or 
barrels (the latter is still the Swedish term for grains, spannmål). Land was valued 
according to what it could “give” (“barrels of land”) rather than area. The Finnish 
slash-and-burn system was quite different. Because freshly burnt soil had a high level 
of nutrients and seeds were sown individually (so called dibbling). A profuse tillering 
gave returns of fifty to eighty fold.

Hence, production grew considerably, but an enormous amount of work was 
expended. Grains were scarce and expensive. Meat from grazing animals or fish was 
probably cheaper and just as important in the diets, if we can believe the Scanian 

Fig. 91. Pietro de Crescenzi 
(ca. 1233–1300). Farmers planting 
and reaping. Photo: Library of Congress.

Fallow was not only a means of 
freeing the land from weeds, but to 
the mediaeval metaphysical mind 
vital to give the land a just “rest” 
from the weariness of continuous 
cropping.
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prescriptions for food provisions aboard military vessels. Maybe this prescription was 
to make military service more attractive, but a 50/50 grain and meat diet implies a 
better diet then we tend to imagine for that time of history.

Years of failed harvests were frequent and a good rule of thumb was to have one 
year’s provision in store. Alas, this was seldom possible, even in England.105 Grain 
productivity was so low, that when taxes were paid and seed set aside, little was left. 
People were frequently trapped by debts, even in normal vagaries of climate.

In his Country Law (1274) the Norwegian king Magnus the Lawmender included 
regulations for dealing with years of crisis, and in the Jutland Law of the Danish king, 
Valdemar Sejr, there were stern paragraphs about dishonest bakers. In northern Europe 
toward 1300 AD there came a markedly colder climate and frequent famines. Certain 
countries had chronic deficits, particularly in the west-Nordic region. Others, such as 
Denmark, were major grain exporters for centuries. Finland sold rye for seed and food 
even in years of famine, showing its colonial status.106 In Bergen (Bjørgvin), at the 
time the largest Hansa town and a port, at least 10,000 tons of rye were traded every 
year,107 as well as large quantities of malt and wheat from England.108 This was far more 
than local needs, and most was traded to the west Nordic region.

In Iceland barley production was a risky business, especially as the climate cooled 
down in the 1200s. After numerous failures domestic production of barley ceased 
around 1300 AD. In Iceland the word konn came to signify the rye from Bergen. Their 
traditional rye bread resembled current pumpernickel, and was cooked in hot sands 
close to volcanic springs. In his short story, The Saga of the Dear Bread, Nobel Laureate 
Haldór Kiljan Laxness tells how the maid, Gudrun Jonsdottir, goes to fetch fresh rye 
pot bread for the parson of Mosfell Church. On her way home she is lost in the fog for 
several days, and when at last she is found, the bread lies untouched in her box. In the 
Faroe Islands, and of course in Scotland, barley cultivation continued, as witnessed 
by the old variety named, Scot’s Bere. 

In times of shortage, power is with the provider. The Hansa Association was no 
exception. Its exchange rate of rye for stock fish caught many fishermen in the debt 
trap of traders and merchants.

Then 1349AD the Black Death arrived in Bergen with a grain ship from England, 
and it quickly spread along the grain trade routes. Although people were more or less 
self-sufficient in barley and oats, the more noble malt, wheat and rye were always in 
demand. The population was reduced to one third, and survivors moved onto the best 
farm lands where they had abundant herds and manure.

In this way the Plague vastly improved living conditions for the common man and 
woman. However, with the ample lands and a shortage of hands, grain production fell 
dramatically. Danish workers made claims for good beer, and not penny-beer, they would 
discard “the cabbage from yesterday” and demanded freshly boiled beef ”.109 In his 
book, Daily Life in the Nordic Countries in the 16th Century, the famous Danish historian, 
Troels-Lund, described how salt and dry meat were flushed down with streams of 
beer. A Danish prescription of naval provisions from 1520 AD abounds in meat, with 
a 3:10 ratio between plant and meat/fish/butter. Moreover, two thirds of the grains 
ingested were as beer, not porridge or bread. When one realizes that rye bread was 
priced equivalent to beef, and wheat bread twice that, it shows the high cost of labor. 
This was not unique: in 1776 Adam Smith wrote that in Scotland “not more than a 
century ago [meat] was as cheap or cheaper than bread made of oat meal.”110 
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Fig. 92. Different professions 
depicted in the Nürnberg Codex 
(1400–1600). From upper left: 
Farmer, miller, brewer. Middle 
row: Baker, cake baker, bread 
shopkeeper. Lower: two bakers. 
Photo: Stadtbibliothek Nürnberg .
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Fish for bread
The people in the “Northlands” (northern Norway) also enjoyed more meat and 
butter, and the dangerous sailing to Bergen became less imperative. Although the price 
of stockfish had quadrupled and grains were relatively cheaper, people cared less than 
before. After 1500 AD trade from the north picked up. Once again fish came from the 
north and rye became more expensive. In the year 1577–78 AD a total of 14,000 vats 
of beer and 3000 barrels of malt were traded in Bergen. The amount of stock fish was 
6000 tons – twice that in 1300 AD. The large demand was due to the long fasting 
periods in Catholic countries (Salted beaver, or fresh in winter, was exported from 
the southern coast because beaver was classified as fish in ecclesiastical zoology).

One of the foremost Nordic poets of the Baroque Era was Petter Dass (1647–
1707), who was priest in a parish in Helgeland on the northern coast. Since much of 
his income was paid in fish, he had a detailed knowledge of what to row fishing implied 
and how to dry cod. In his book, The Trumpet of Nordland, he wrote of sailing to 
Bergen to procure the vital rye: 

 
You cod are the livelihood whereby we thrive,
You bring us from Bergen the bushels of rye
That nourish the needy northfarer;
O merciful Father, bestow with your hand
On us your poor people who live in this land
Your blessings, our sweet kindest carer.
If cod once should fail us, then nothing we had
To sell to the merchants in Bergen, how sad
And empty our vessels were sailing;
So, fish in the water, he is our bread,
And if we lose him, we shall all be dead
With sighs and most pitiful wailing.

If the cod failed them, the rye would too.
One may easily understand the subdued pain expressed in the Norwegian fairy 

tale of the Cormorants at Out-Røst (legendary ocean islands beyond the outermost 
fishing island of Røst):

On coming home it is not rare that fishermen in Nordland find straws attached 
to the rudder or barley grains in a cod’s stomach. Then it is said that they have 
sailed across Out-Røst or some other elfin land of which so many tales are told 
in the North lands. (…) Thus, under certain conditions, in the midst of the 
Vestfjorden a vast, flat grain field may emerge so that just the spikes are seen; 
and outside Røst, on the southern tip of Lofoten, one is told there are green 
slopes and fields of golden barley; its name is Out-Røst…

On the island Værøy, next to Røst, there once lived a poor fisherman named 
Isaac: he owned nought but a boat and a few goats, which his wife kept alive 
by fish waste and the few leaves of grass they could gather among the cliffs, and 
his whole cottage was filled with hungry kids…

Isaac shipwrecks and manages to get ashore at Out-Røst:

The Flour Legacy
In 1621 the parson’s widow 
Ingeborg Mikkelsdatter endowed 
300 Thalers to be held in 
everlasting trust by the Bergen 
Cathedral. The annual interests – 
six barrels of rye flour – should 
benefit the Poor and the Needy in 
four parishes on the  
outer coast of Northern Norway, 
where her husband had been 
parson around the year 1600.  
Now, before each Christmas,  
half a ton of wheat flour is sent 
from Bergen. The Bergen City 
Council ruled in 1847 that her 
legacy was valid until the Day of 
Judgment, in the afternoon.
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Fig. 94. Pretzels were developed 
from roman ring shaped breads, 
first into a simple, then a double 
“6”-shape and has since become 
the logo of the bakers’ guild.  
Photo: Museum der Brotkultur, ulm.Fig. 93. Dry pretzels were used 

both for Holy Communion and 
during fasting. Their shape is then 
a symbolic reminder of prayer. to 
fold the arms across the chest is an 
old prayer posture, as shown on 
this contemporary Ethiopian icon. 
Photo: Finn Måge, uMB.
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Before him lay a barley field with spikes so heavy and full that never had he 
seen the like, and through the field was a path winding up to a green, turf-roofed 
earthen hut. (…) The table was laid with the most marvelous dishes, sour 
cream and red fish and cod liver boiled with syrup and cheese on top, and huge 
heaps of pretzels from Bergen, and brandy and beer and mead…

The pretzels from Bergen that Isaac beheld in huge heaps demand a comment. After 
fishermen sold their stockfish, they filled their boats with provisions for home, and 
not just rye flour and hemp for fishing lines. The German bakers in Bergen made 
highly regarded Pretzeln. Another important provision was coffins, but they occupied 
much space on board. Business-minded bakers, therefore, sold coffins filled with pret-
zels and bisquits made from sifted rye (Schönroggen). When they carried these heavy 
coffins to their boats, the kids in the street would pretend the wailing in a funeral.

“Oftentimes the crops will fail…”
In the latter part of the 1600s and in the 1700s, the climate was markedly colder due 
to the “Little Ice Age”. There were many especially lean grain years in the 1740s and 
1760s. Words like misgrowth and dearth were on many lips. In 1783–84 AD a major 
eruption of the Laki volcano in Iceland caused several cold summers in Europe,  
enhancing the social tensions which exploded in the great revolution in France.

During the Napoleonic wars Denmark-Norway allied with Napoleon against  
Sweden. The English fleet embargoed the Norwegian coast, prohibiting vital grain 
exports from Denmark (created through a century of the Danish monopoly of the 
grain supply). In Henrik Ibsen’s poem, Terje Vigen, he tells of a father rowing to Den-
mark to get grain for his wife and small daughter:

God knows that his cargo was not very great,
Three bushels of barley, that’s all:
But Terje bore a much heavier weight,
On board he had life and salvation and fate,
He heard his small family call.

Terje Vigen was intercepted by an English frigate and brought to an English prison, 
while his family succumbed.

The worst year was 1812–13 AD, when frosty nights in August destroyed the grain 
in large parts of the country (maturing grains are very sensitive while still green).  
In an account of her childhood, Gustava Kielland (1800–1889) recalls:

The year 1812 was a year of misgrowth; an almost incessant downpour struck 
the straws to the ground so they lay drowning in the fields. Then came a severe 
cold, and what had escaped the flood, froze away. The need became great due 
to the misgrowth; and hostile war ships saw to that no grains came from over-
seas. If there was famine in the whole country, I do not know, but I know the 
need was great in Drammen. Bread and flour was nowhere to be found, I think 
not even rich people had bread. One could buy meat, pork, butter, cheese and 
milk; but not an ounce of flour. Mother was brave in those days. If she was con-

Fig. 95. to sign the bread with a 
stamp was a common practice in  
the old craft of baking. This stamp  
is Norwegian and used on steamed 
rye bread (pumpernickel) and the 
text on either side is: “DroTTIN: 
BLESSE: BRAuD:oG:VIN+” 
and “GuD: VELKoMMEr: 
GoDEr:MENN: tIL:M”  
(The Lord bless bread and wine a 
nd God welcomes good men).  
Photo: Museum der Brotkultur, ulm.

Biscuits: from bis cuits, “twice 
baked”: bread or cracker first baked, 
the dried to keep.

Oh God! That bread should be so dear,
And flesh and blood so cheap!
Thomas Hood 1798–1845
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High among the moors of Saarijärvi lived the 
farmer Paavo in a frostprone homestead,
Caring for its soil with weary sinews;
But with God the Lord he trusted growth. 
And he lived there with wife and children,
Ate with them his scarce bread, sweat his forehead,
Dug the ditches, ploughed the land and planted. 
Spring then came, and drifts from all fields melted,
And with it flowed half of all the seedlings; 
Summer came and brought with it the hailstones,
And by it were half the grain ears broken;
Autumn came and frost took all remaining. 
Paavo’s wife she tore her hair and told him:
Paavo, Paavo, husband born unlucky!
Let us take the stick, we God-forsaken,
Hard is begging, but to starve is harder.
Paavo then took his wife’s hand and told her:
our Lord will but try us, not forsake us.
Mix one half of bark into the rye bread,
I will dig out twice as many ditches,
But with God the Lord I will trust growth.

With one half of bark the wife baked rye bread,
And her man dug twice as many ditches, 
sold his sheep, bought rye for seed and planted.
Spring then came, and drifts from all fields melted,
But with it flowed none of all the seedlings; 
Summer came and brought with it the hailstones,
And by it were half the grain ears broken;
Autumn came and frost took all remaining. 
Paavo’s wife she knocked her breast and told him:
Paavo, Paavo, husband born unlucky!
Let us die, we are by God forsaken,
Hard is dying, but to live is harder.
Paavo then took his wife’s hand and told her:
our Lord will but try us, not forsake us.
Mix two parts of bark into the rye bread,
I will now dig twice as wide the ditches,
But with God the Lord I will trust growth.

With two parts of bark his wife baked rye bread,
And her man dug twice as wide the ditches, 
sold his cows, bought rye for seed and planted.
Spring then came, and drifts from all fields melted,
But with it flowed none of all the seedlings; 
Summer came and brought with it the hailstones,
But by it was not one grain ear broken;
Autumn came, and no frost touched his homestead,
Left rye golden, waiting for the reaper.
Paavo then fell on his knees and told her:
our Lord will but try us, not forsake us.
And his wife fell on her knees and told him:
our Lord will but try us, not forsake us.
In her gladness she said to her husband:
Paavo, Paavo, take with joy your sickle;
Now is time to live in days of plenty,
Now is time to throw away the bark flour,
And to bake our bread from purest rye meal.
Paavo took then his wife’s hand and told her:
Woman, woman, but he will pass the trial,
Who does not forsake a needy neighbor. 
Mix one half of bark into the rye bread,
For our neighbour’s field by frost is stricken.

fident, so was I. Mother bought milk, butter and lean cheese. Our tiny garden 
supplied us with so much nourishment; it bore in incredible abundance.

For breakfast we would have two thick slices of cheese; Mother, who always 
had hated cheese, devoured her piece bravely. “You see, I like this cheese,” 
Mother said; “it tastes just like chewing a leather glove.” Sometimes Mother 
would say: “ Today we will live well, Gustava; we’ll have meat soup for dinner.” 
The she would take turnips, carrots, parsley and potatoes; this she would boil 
in water with some salt, a few hot potatoes would be crushed with a good deal 
of butter and diluted to be a thickener, which with ginger and pepper was 
added to the soup. When we were sitting at Mother’s laid sewing table each 
with our plate of soup, she would say: “Delicious soup; don’t you think it tastes 
just like meat soup?” Oh yes, I did. I never suffered want in those days, but I 
was very often hungry. When I told this to Mother, she said: “Go out in the 
garden, my child, and find yourself a carrot.” And so I did, rubbed it first on 
the grass, washed it at the well and ate it unpeeled.

There had been war as long as I could remember, and I could not express 
what I felt when Lieutenant Varming one day came running into our house 
shouting: “There is peace! We have made peace! There will be no more fight-
ing!” Never had I felt such a thing. Out of sheer joy Lieutenant Varming laid 
his arm around Mother and me.”

The Finnish national poet, Johan Ludvig Runeberg (1804–77), has given an 
immortal picture of the lot of the small farmer fighting for subsistence growing winter 
rye. Although a fiction, art may express it in ways clearer than every day speech:
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1816 – The year without a summer
Paavo, the farmer, lamented his miserable crop before the Lord, as people had doing 
forever. Kings had often been held accountable for divine wrath, but with the French 
Revolution and its ideas of human rights and a bread of equality – Pain d’Egalité – 
thoughts changed. After the defeat of Napoleon, and after the Vienna Congress had 
drawn the new map of Europe in 1815, the volcano Tambora exploded in distant 
Indonesia. The mountain shrunk from 4200 to 2400 meters altitude, with a smoke 
column reaching 40 kilometers into the sky. The dust spread in the atmosphere and 
laid a cooling mist over an unknowing north. The summer of 1816 was extremely cold. 
In central Europe snow fell in middle of the summer and the grain harvest was miser-
able, to say the least.

From Würtemberg it was said: Anno 1816 it has rained every day from May 2nd till 
July 20th. And then again from the 21st till August 4th, and from then on there were few days, 
when it did not rain until early October…Grains and many other plants stood so well from 
the outset, and one foresaw a blessed year. But then came the many tempestuous weathers, 
that in many parishes utterly destroyed the crops in whole fields partly by hail, partly  
by floods…111 Through the year 1816–17 AD there was famine “from Sweden to  

Fig. 96. Johan Hans: The Harvest 
Thanksgiving Feast in Ulm August 
5th. 1817. Carts loaded with the 
first grains are escorted to the town 
square with trumpet fanfares and 
military processions.  
Photo: Museum der Brotkultur, ulm.
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Switzerland.” It was the worst period of hunger in 19th century Europe, and the last 
created by natural causes.

But this famine was no longer a divine punishment, nor his trial of humankind. 
At least the attitude of Paavo the Farmer was no longer self evident. In Würtemberg 
King Wilhelm I took political responsibility for the grain supply. This prevented hoard-
ing and usury, and he justly distributed that supply. Still, these measures could not 
prevent the fact that bread was six times more expensive before the harvest in 1817.

In 1818 the king founded the agricultural experiment station at Hohenheim and 
a mutual bank (“Hilfskasse”) to counteract shortages and usury in difficult years to 
come. The Enlightenment had infused a new dynamism into the core sector of society, 
agriculture. The revolutionary idea of human rights was only in bud, but there is now 
a UN Special Advisor for the inviolable right to food.

Fig. 97. Peter Brueghel  
(1564–1638): The Seven Acts  
of Mercy (1616–38).  
Photo: Museum der Brotkultur, ulm.
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Additives to bread: bark and Icelandic lichen
An ancient method to escape scarcity is to stretch the flour supply with bark – as 
Paavo the Farmer did. The rich would add pea flour. The poor would add bark from 
various trees, preferably elm or in dire need – pine. Other plants would also serve that 
purpose. In northern Sweden and Finland the bog plant missne (Calla palustris) was 
preferred to bark.112 People would eat good bread only on Sundays. In the 24th Song of 
the Kalevala the bridegroom is exhorted not to offer his “sparrow-chick” conditions 
that are too rough for her. (“sea-grass” means missne):

Never mayest thou, O bridegroom, 
 Lead the Maiden of the Rainbow 
To the mortar filled with sea-grass, 
 There to grind the bark for cooking, 
There to bake her bread from stubble, 
 There to knead her dough from tan-bark 
Never in her father’s dwelling, 
 Never in her mother’s mansion, 
Was she taken to the mortar, 
 There to bake her bread from sea-grass. 
Thou shouldst lead the Bride of Beauty 
 To the garner’s rich abundance, 
There to draw the till of barley, 
 Grind the flour and knead for baking.

Generally speaking, it was considered degrading to eat the bread of missne and bark. 
Linneaus, however, praised the bark bread. With fresh impressions from his Travel 
into Lapland he wrote in an unpublished book in 1732:

Misery, that strict Mistress, has here taught how to fetch even bread from the 
deep forests… Ceres, who holds nearly the whole world in her bondage, is 
mocked here…No other bread is so common in extraordinary use or eaten in 
need such as this, wherefore it every year is produced in incredible abundance 
over most of the north lands and Dalarna. The people is not only sustained 
thereby, but also become corpulent, yes they long to have it.

Linneaus encountered criticism from his pupil Retzius, a better scholar of Sweden’s 
medicinal plants. The “corpulence”, he held, was due to the fact that bark bread made

the body inflated, the skin pale and blackish blue, the stomach hard and swol-
len, constipated and in the end hydroptic, ending the misery.
 

Into the 1800s the prophets of better nutrition also advocated lichens as an additive, 
especially the species Cetraria islandica, which was then called bread moss.

The bark of the elm made dough more viscous and easier to roll into flat bread. 
Landowners also controlled its collection. Tenants often had “bark rights” spelled out 
in their contracts, and many farms would intentionally plant elm on the compound 
as “an anchor in times of adversity.”
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Bread, witchcraft and pogroms
Bread and grains often had unintended additives. Rye had a particularly dubious 
reputation due to ergot, which is a fungus that can infect it during flowering. This may 
occur if the weather is cool and if pollen is scarce in the air. The infection makes the 
grains conspicuously swollen and black or brown. Germans have the mysterious name 
Mutterkorn, for these structures. 

As a recognized danger since at least Roman times, they are now easily sorted out 
in a mill. In the old days ergot was untraceable once ground to flour or in malt. Ergot 
contains an array of alkaloid toxins. Some restrict blood vessels with symptoms that 
resemble gangrene. Others, related to LSD, expand the soul into vivid hallucinations. 
Today ergot-infected rye is “cultivated” because some of its compounds are vital for 
use in medicines for migraine.

A series of investigations have pointed to a connection between ergot, inexplicable 
epidemics and witchcraft trials in Europe and in Salem, USA. Very convincing are the 
trials in Finnmark in northern Norway during the 1600s.113 In a county with only 3500 
people, at least 137 were accused of witchcraft and 90 burned or hanged. Thanks to 
meticulous court files we know the names of the women, the charges against them 
and their confessions. Grains played a prominent role. A certain Sexton, Villads, in 
the town of Vadsø, saw two of his wives burned, and both claimed to have “learnt” 
witchcraft through gruel or porridge. Another woman had been bewitched through 
milk with black grains in it. In some cases, ergot had been deliberately used to inflict 
damage.

But why was this more common in the county of Finnmark? An obvious reason 
was because poor rye flour had been brought from Bergen – there were no lack of 
complaints as to its poor quality. It is likely that rye flour would be toxic, and the trials 
coincide with northern Europe’s known ergot-years. Besides, the Sami belief in  
shamans and possession was shared by Norwegians. Finally, the “Nordlands” had its 
own wild grain – the beach rye along sand dunes and beaches. It was collected for food 
in Norway and Iceland and is very prone to ergot. Many of the “witches” were poor 
and in need of such free grain supplies.

Another microbe that has played an important historical role is the “miracle  
bacterium” Serratia marcescens. It may produce blood-stain-like colonies on bread 
stored in moist and warm conditions. In Catholic churches it happened that where 
consecrated bread might be stored for some time, there was “blood on the Host.” This 
phenomenon filled believers with awe and dread.

Here we must recall the different opinions as to the nature of bread in the sacra-
ment of the Eucharist. In 1215 AD the Lateran Edict established as fact that bread 
and wine were physically changed into the Body and Blood of Jesus. When the bread 
bled, who else could commit such sacrilege but the Jews, who once before had killed 
Jesus? Imaginative cartoons (fig. 100) depicted how Jews would break into churches 
and stab the bread with a dagger. In 1243 AD all the Jews in Beelitz, near Berlin, 
were burned for this crime. In many European cities they were sentenced for the 
same misdeeds. Finally, after centuries of spilled innocent blood, the German biol-
ogist, Ehrenberg finally showed in the 19th century, that “the bleeding bread” had 
natural causes. 

Fig. 98. The black grains are ergot, 
rye infected by the fungus 
Claviceps purpurea.  
Photo: Museum der Brotkultur, ulm.

Fig. 99. The black grains are  
ergot, rye infected by the  
fungus Claviceps purpurea.  
Photo: Even Bratberg, uMB.
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Fig. 100. This cartoon tells of the 
“gruesome misdeed” against the 
Communion Bread, committed  
by Jews and their subsequent 
punishment. 
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now all the small grains lie resting in earth, 
hands under cheeks they crackle and murmur in the darkness.

soon flour will flow white as milk through the greedy teeth of the mill. 
in the jars of bread we will carry it to the hungry. 
For earth has again opened her green gown 
and allowed her small ones 

to drink.

From Rolf Jacobsen (1908–94): Grains (1936).

The anCienT 
grain year 
an old byzantine proverb says that “many are the worries of 
the rich; the poor have only one, but that is big.” in spite of 
gradual improvements, the growing of grains demanded a 
large share of the working year, because grains supplied most 
of the consumed calories. This implied both a host of practi-
cal concerns and what we today would call superstitions. We 
will undertake a journey through the grain year as it once was.
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Fig. 101. Peter Brueghel (1564–
1638): Summer (ca. 1620–35). 
Photo: Museum der Brotkultur, ulm.

Fig.102. otto Strützel (1855–
1930): Working a field in early 
spring. (1890). An elderly couple 
follow the horse plowing a poorly 
drained patch in the field. As soon 
as the soil had thawed, the first 
work in spring was plowing. In 
North Scandinavia or areas with a 
long snow cover it was common to 
spread dung on the snow to speed 
up melting. After drying, the turned 
soil was harrowed into finer lumps 
before sowing. Photo: Museum der 

Brotkultur, ulm.

Fig. 103. Man sowing by broad-
casting. His head is uncovered.  
Photo: olav Lorck Eidem.

Sowing the grains
When the soil was finely granulated and the sowing bed even, seed was broadcast, 
thrown with even movements so that it was uniformly – not too sparsely, not to 
densely – spread on the soil. Afterwards it was worked into the soil by a horse rake 
and the surface rolled with a wooden log. Preparations took a much longer time than 
today. Thus, the effective growing season was considerably shorter than today with 
our mechanized sowing. 

From The Growth of the Soil by Knut Hamsun:

It was an act of silent devotion a silent and mild night without wind, rather 
towards a merciful and mild drizzle, rather as soon as possible after the grey 
geese migration…Isak went bare headed and in the name of Jesus sowing, he 
was like a wood log with hands on, but inside he was like a child. He had care 
in each of his casts, he was friendly, and resigned…Fans of grains radiated 
from his hand…Isak is sowing. The evening sun shines on the grains, they 
stride in a bough from his hand and sink like a drift of gold into the soil. The 
wood and the mountains all stand beholding, all is solemn and powerful, here 
is coherence and purpose. 

Although such broadcasting is an ancient image, it left seeds open for birds and sun-
burn and demanded much grain. Although Jethro Tull’s sowing machine digging the 
seed in rows was a major invention (1731), it took a century to become common.

The plough is an ancient symbol  
of progress – to ”add new land”.
During the past 25 years this  
has changed. The plough is  
more often associated with  
loss of soil or wildness.

Seed: The old word for male semen 
was also seed, which indicates an 
identification between soil and the 
maternal womb. This concept is 
vividly expressed on the stone 
carving from tannum (fig. 83). to  
throw rice on the heads of  
newly-weds, or their bed,  
imitates the act of sowing a  
field. This ritual practice goes back 
to the most ancient times.

Culture: The verb cultivare in Latin 
originally meant to work the soil, 
usually to grow grains. Its meaning 
has expanded to most human 
“cultural” activities.

Verse: The verb versare means to 
turn the plough and start a new 
furrow, like a line of verse on paper.
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Fig.104. Julien Dupré (1851–
1910): The grain binders in Picardie 
(1878). two young enjoy an 
unwatched break while harvesting 
wheat. Maybe of the kind that 
robert Burns sang about in his  
The Rigs o’ Barley?  
Photo: Museum der Brotkultur, ulm.

The grain harvest – both toil and spoil
Often the granary would go empty before the new grain was ripe. In Sweden this – 
short or long – period was called the St.Olavs hunger spell (Olsmässa svältkrok,  
St. Olavs Mass is July 30th). 

Harvesting time was a time of celebration, displayed in detail in the painting by 
Brueghel (fig. 101). Note that the straws are cut with a scythe, not a sickle, that they 
are as tall as the men and strewn with red poppies and blue cornflowers. The children 
pick up the broken ears. A woman with her head covered – against the sun? – is selling 
berries, fruits, beer to the workers. On the plain beyond we see stacks waiting to be 
threshed. In the Nordic countries it was often necessary to harvest the grains when 
barley yellow mature and dry the sheaves on poles.

The sickle was a sign of serfdom. Large estates depended completely on the man-
datory work of tenants. Only when the manor’s work was done could the tenants 
harvest their own crops, which was often late in the season. This could be equally harsh 
for cottiers renting land from (from our perspective) minor farms, as in eastern Nor-
way October was sometimes called the cottiers’ harvest. Not surprisingly the sickle 
and the hammer were the Communist symbols of oppression. 

The time of harvest was not only a practical time, but also a magical time. The first  
(or last) shorn grains were often used for a meal which transmitted a special, vital 
force. The Jewish Feast of Unleavened Bread coincided with the first barley harvest. 
In Ireland a bannock was made of the first oats or barley mixed with raisins. Then they 
would “dance the cake” and the best dancers “take the cake” till then wrapped and 
share it with the others. Sometimes the first grains were stored to be seeded the next 
spring. At other times, the last shorn bundles were the most special. In Scandinavia 

Robert Burns: The Rigs o’ Barley

It was upon a Lammas night,  
When corn rigs are bonie,  
Beneath the moon’s unclouded light,  
I held awa to Annie;  
The time flew by, wi’ tentless heed,  
till, ‘tween the late and early,  
Wi’ sma’ persuasion she agreed  
to see me thro’ the barley.  
 
Corn rigs, an’ barley rigs,  
An’ corn rigs are bonie:  
I’ll ne’er forget that happy night,  
Amang the rigs wi’ Annie.  
 
The sky was blue, the wind was still,  
The moon was shining clearly;  
I set her down, wi’ right good will,  
Amang the rigs o’ barley:  
I ken’t her heart was a’ my ain;  
I lov’d her most sincerely; 
I’d kiss her owre and owre again,
Amang the rigs o’ barley.  
Corn rigs, an’ barley rigs, &c.  
 
I lock’d her in my fond embrace;  
Her heart was beating rarely:  
My blessings on that happy place,  
Amang the rigs o’ barley!  
But by the moon and stars so bright,  
That shone that hour so clearly!  
She aye shall bless that happy night  
Amang the rigs o’ barley.  
Corn rigs, an’ barley rigs, &c. 

The last straw: Since ancient Greece 
straw was used in settling legeal 
disputes and inheritance. To draw 
the “last straw” or the “shortest 
straw” may reflect this.

Straw man: figures of straw set in the 
field to chase evil demons, later 
renamed scarecrows or even targets 
for archery.
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Fig. 105. Albert Kappis (1836–
1914): Detail from The harvest is 
brought home (1875). The day is 
cooling and the setting sun 
illuminates the grain dust. Big and 
small look forward to getting 
indoors for the night. In the lower 
right a young girl is binding her last 
sheaf. Photo: Museum der Brotkultur, ulm.

last shorn bundles were used for the Christmas cake, which was huge – often 2–3 kg 
– and displayed on the Christmas table, but not eaten. It was buried in the spring soil 
just prior to sowing. In Sweden the decorated Christmas cake was given to the horses 
at the onset of spring work.114 Later people sweetened the cake with wort and raisins, 
and ate it themselves. It was a cherished Christmas treat.

For Christmas people would make grain bucks from tresses of un-threshed straw. 
This was fed to fatten a goat, symbolizing Capricorn and solstice. Leftover grain were 
given to the (goat) kids. Children dressed like “Christmas bucks” knocked on the farm 
doors to receive their share, including (the usually forbidden) Christmas ale.

Straw was an important part of the harvest, providing soft bedding in barns as well 
as beds. It was the crib that made Jesus’ birth unworthy, not to sleep on straw. In other 
continents it is still used for bricks mixed with mud.
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Threshing the grains
A classical way of threshing – to release the grains from the spikes – was accomplished 
with animals. Oxen or donkeys trampled the sheaves distributed on the threshing 
ground, as is still done in parts of the world. Another method is to lay the bundles on 
a threshing floor – usually indoors in high latitudes – and beat them with a special 
two-piece stick called the flail. It was men’s work and a gruesome toil which often took 
much of the winter. In the German barn in figure 106 it is taking place in winter with 
open doors, due to the dust.

The threshed grain then needed to be cleaned, to remove glumes (chaff ), pieces 
of straw or small stones. This involved sifting and then winnowing in the air. The 
young woman on figure 107 is assisted by both wind and gravity to make her task 
easier. If done indoors, the grain was winnowed at some distance from a wall and 
thus sorted by weight. The heaviest and most well-filled grains would reach the wall 
and be next year’s seed. The middle fraction would be used for food, and the lightest 
grains for feed.

Don’t separate the weeds from the wheat: Points to the dilemma of how to distinguish bad from good.  
The idiom comes from a parable in the New Testament (Matthew 13, 24–30, 36–43). Jesus tells of a 
wheat field infested by darnel (Lolium temulentum) – a non-shattering weed that resembles wheat, so  
that weeding the field before harvest would be difficult. After harvest the darnel must be removed prior to 
threshing, since it contains potent toxins which make the flour toxic. The original meaning is to be patient 
until the “time is ripe”.

Discussion: From the Latin 
discutere, to bring apart, to sort.  
The original meaning was to winnow 
the awns (chaff) from grains.

Threshold: doorsill, related to  
O.E. þrescan, to thresh, i.e. to sift 
grain by trampling or treading by 
oxen or by beating with a flail. 

Fig. 106. Albert Kappis (1836–
1914): Winter day (1875).  
Photo: Museum der Brotkultur, ulm.

Fig.107. Hans ole Brasen (1849–
1930): Winnowing (1883).  
Photo: Museum der Brotkultur, ulm.
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Water for one’s mill
To grind a rotary grinder by hand was heavy work and did not yield more than a day’s 
needs. It was the work of maids or slaves. In Kalevala (Rune 25) we read that this work 
was not suitable for a coming lady in the house:

Here the bride may live in freedom,
Need not turn the heavy millstone,
Need not move the iron pestle;
Here the wheat is ground by water,
For the rye, the swifter current,
While the billows wash the vessels
And the surging waters rinse them.

The rotary grinder quickly replaced the saddle quern in The Nordic countries. The far 
more efficient Roman invention mentioned in Kalevala, the water mill, was also hard 
labour, but in a different way: milling was now men’s work.

One of the great riddles in grain history is why the magnificent Roman inventions 
in milling collapsed with their empire. Why did the invading Gauls and Goths not 
adopt such advanced technologies? Is it enough to blame their “ignorant barbarism”? 
Heinrich Jacob has another explanation: To the German and Gaul nature worship, 
such technologies were blatant blasphemies: “(…) [I]t was one of their most funda-
mental beliefs that free, uncontrolled nature was more than mortal man.(…) More, 

Fig. 108. A mill run by water falling 
onto the rotary wheel which moves 
the upper stone through a shaft. 
The lower stone lies still. We see the 
grains being weighed to the left and 
then the sacks poured into the mill. 
Hens pick up the scattered seeds. In 
the foreground is a millstone with 
carefully hewn ridges on the inside.
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Fig. 109. The ship mill was a 
roman invention. In rivers lacking 
waterfalls the current could drive 
the water wheels of a river boat 
which was firmly attached to the 
bank. The movement in the wheels 
was then transferred to the mill on 
board. Such mills were common  
on many European rivers. Don 
Quijote also fought such a mill.  
Photo: Museum der Brotkultur, ulm.

Water for one’s mill:  
Make things happen

Treadmill: Indicates futility. If there 
was no waterfall, water could be 
hoisted by human energy. Prisoners 
or slaves would “tread” the water 
wheels that lifted water for the mill 
to operate. 

Crisis: The Greek term for sifting 
pure flour from glumes and trash 
included in the ground middlings. 
To be critical is hence a skill in 
milling.

these barbarians considered agriculture as “theft” and believed really that in winter 
the demons of the earth “entered the storehouses of men and took back the stolen 
grain or flour.”115

The idea has much to it. Fairy tales and myths abound with stories about spirits 
inhabiting rivers, hills and wind. In a Norwegian fairy tale the North wind steals the 
flour, and in a German verse they give him flour from the roof to appease his rage: Da 
hast du, Wind! Koch Brei für dein Kind! (There you are, wind! Cook meal for your 
child!) At Christmas it was customary to please the subterraneans by serving them 
porridge or beer. The river, not to speak of a roaring waterfall, was inhabited by spirits 
that were not to be challenged. Frequent fires were signs of their wrath, and night time 
milling was particularly uncanny. As late as in 1671 Estonian farmers burned down a 
watermill that had “offended the brook”. The Norwegian fairy tale of the Mill-growler 
tells about a brave miller who succeeded in closing the mouth of such a nuisance to 
his business:

Now there was a man, who owned a mill by a waterfall, and there lived also a 
mill-growler. If the man, which is customary in some places, gave him buttered 
bannock and Christmas ale to help the flow of flour, I have not heard, but it is 
not likely; for each time he was about to grind, the mill-growler would seize 
the mill shaft and stop the quern, so he could not grind. The man knew very 
well it was the growler, and one night when he was about to grind, he brought 
a pan full of tar and pitch and lit a fire at the hearth. When he opened the sluice 
and the shaft started to rotate. The mill ground for a while, but then stopped, 
as he had expected. He struck and beat the water near the wheel and shaft, but 
to no avail. At last he opened the door to the wheel and the shaft. There stood 
the mill-growler in the middle of the door. His mouth was so huge that the 
lower jaw was at the threshold and the upper at the beam.

“Did you ever see such wide gaping?” he said.
The man ran for the pitch pot, which stood boiling, and threw it into his 

open gape, saying: “Did you feel such hot boiling?” Then the mill-growler let 
go of the shaft while ejecting a horrible roar. Since then he has never been seen 
nor heard, nor has he ever interfered with the milling.”

From “Mill tales”, Asbjørnsen og Moe: Norwegian Folk Tales.

Wind mills were also considered with reluctance. Was it mere literary fancy when 
Dante, at the lowermost station in Hell, imagined Satan in the shape of a wind mill? 
Or did Cervantes assume this ridicule was understood, when he made his old fash-
ioned hero Don Quijote (1605) fight windmills that he mistook for giants? May this 
also be implied in Descartes’ sarcasm there are no gods in poles or stones?

Correct or not – north European milling was pioneered by the Church since it 
was not bound by, and indeed fought, such superstitions. Carolus Magnus counted 
and recorded the first water mills around 800 AD, in order to collect a levy from them. 
The English Domesday Book (1086 AD) counts 5624 watermills in 3000 villages. In 
the Nordic countries – Christianized much later – the first mills were in Denmark, at 
Lyngby (1020 AD) and Odense (1035 AD). The first mill in Norway, recorded in 
1147 AD at the Akerselva River, belonged to Oslo’s primary land owner, the Cistercian 
Abbey. Similarly, the major Nordic millstone quarry and exporter at Hyllestad, north 
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Fig. 110. Nikolai Astrup (1884–
1929) The mill in operation. typical 
small water mill in Western 
Norway, where brooks and mills 
were numerous. 
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of Bergen, belonged to the Diocese.116 Notably, from 600 AD to 1100 AD they mainly 
produced stones for hand mills. Similarly, while Portugal had 1000 wind mills around 
1000 AD, the first Danish mill was constructed in 1259 AD, at Fløng, near Roskilde. 
Although it may be said that before this time, all records are few, according to archae-
ological findings, city houses always had granaries until to 1200 AD. Since then they 
kept stores of flour –bought from the miller – or bread from the baker. Baking at home 
had become unusual.117

North European mills (including those in Denmark and southern Sweden) 
belonged to the landowner, and tenants owed a milling duty. Their grain had to be 
milled in the landowner’s mill so that a levy could be extracted. The principle was a 
Roman one, cuius terra, eius molina – he who owns the land, owns the mill. And the 
land included rivers and brooks. In 1393 AD, in Holland, a landowner imposed a wind 
levy on a mill owned by a monastery. The bishop of Utrecht, heavily incensed, then 
declared that the wind was the property of the Church. In the far north the numerous 
brooks and rivers enabled most farmers to have querns where they could grind their 
own flour. If they were skilled millers, they also offered it as a service for payment.

The mill was often a lively place. People arrived early in order to have their grain 
milled and they often passed the day there. As the proverb says, whoever comes first to 
the mill, will grind first. Grinding took time, as did the gossip and drinking. On the 
continent, where waterfalls were rarer and usually outside towns, the mill was a freer 
spot outside the tight social controls. From this miller’s gained the reputation as noto-
riously unreliable and greedy. It was said that outside the mill always lies a heap of sand, 
which implies that the miller mixed sand with the grain and did not produce pure flour 
in his bags. In Geoffrey Chaucer’s Canterbury Tales there is a famous satire about a 

Fig. 111. rembrandt  
van rijn (1606–1669).  
The Wind Mill (1641). 
© Art Gallery of South Australia.

Coarse grained: Of inferior  
quality. Technically coarse grains  
are those used for animal feed 
(maize, barley, oats…), as  
opposed to rice and wheat.



126

miller who stole meal with a golden thumb. Two students from Cambridge to this mil-
ler to insure that no flour is stolen. However, the miller does so and his wife bakes a 
cake from that grain. The students take sweet revenge. They spend the night and once 
the miller begins to snore loudly, they slip into the beds of the miller’s wife and daug-
hter. At dawn the miller is outraged, but the students are gone with the flour and the 
cake. The miller’s daughter – die schöne Müllerin – wears various dresses, both innocent 
and not. Already in 6th century the English Ethelbert’s lawbook prescribes “If anyone 
molests a maidservant of the king he shall pay fifty shillings amends. Or if she be the 
maid who grinds at the mill, he shall pay only twenty-five shillings.” Prostitution was 
a regular feature, and many a Miller Street was the area for night life. The windmill 
area on Montmartre in Paris changed entirely to this type of the business, when the 
roller mills moved the milling business to outside of the city.118 This ballad shows that 
it was not unknown in the Nordic countries:

Miller song

Now there were two tricksters who discussed at length
How to get to the miller’s daughter’s bed.

Then one took the other and put him in a sac,
And walked all the way to the miller’s brook.

“Please Mr. Miller, my grain will you grind,
it is not at all wet, but of the best kind.

But where should I leave my grain overnight
So that no rat or mouse will it bite?”

“Oh, put it just by my daughter’s bed
In there is not one single mouse, it is said.”

When the sun had set and dark night come
The sac started roaming about in the room.

“O my dear daughter, wake up, be roused,
I fear there are burglars inside our house.”

Then he so kindly stroked her cheek,
“Hush”, said he, “it’s your friend so sweet”.

“There is, dearest mother, no thief in our house,
It was but the cat that captured a mouse.”

“No, my little daughter, I’m not a fool,
No cat has such spurs on his leather boots.”119

Fig. 112. Poster from Moulin rouge

Fig. 113. Karl Kreul (1804–67).  
The Baker’s Girl. Like die schöne 
Müllerin the baker’s daughter  
had a mixed reputation. While 
displaying what she has to sell,  
she herself captures more attention 
than her rolls. May we discern  
that she is pregnant? 

Photo: Museum der Brotkultur, ulm.

She has a bun in the oven:  
means pregnant. It dates back to  
the old Egyptian identity of oven 
and womb. 

She has tasted the dough too early: 
she is pregnant before wedlock.  
For the same reason a girl had to 
reach puberty before learning  
about baking. There is a slight 
ambiguity in the concern for 
 the baker’s widow who has no 
apprentices to heat her oven.
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       the oats 
Here I stand with tinkling bells galore, 
Twenty on each straw, I think, or more. 
But the farmer, bless his honest soul, 
Calls me oats and speaks of twenty fold. 

I was sown while happy birds in spring 
Made with joyful song the welkin ring. 
Bumble bees in wild and tumbling race, 
In the mellow sunshine droned the bass. 

Growing up in sunny morning dew 
That sweet Symphony within me grew. 
He who listens humbly while I ring, 
Hears the echo of the songs of spring. 

Cold, unfeeling hearts can never see 
Anything but cattle-feed in me. 
I am more than food for hungry jaws, 
I am song of birds on golden straws. 

I am friends with everything that grows, 
Friends with every gentle wind that blows, 
Friends with waving trees and summer skies, 
Friends with daisies and with butterflies. 

When the sun goes down, its parting smile 
Lingers on my golden head a while, 
And when evening bells ring out, I too 
Tinkle, standing tip-toe in the dew. 

I am ringing children to their beds, 
Ringing up the mist that slowly spreads, 
Ringing peace, as busy day departs, 
Into humble homes and pious hearts. 

Jeppe Aakjær 1906
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The European bread map120

Water and windmills engendered large changes in people’s daily life and diets. Whereas 
the rotary quern had only served the daily needs, watermills allowed people to store 
up to a year’s supply of food. This could be done any time after harvesting, but in many 
places only the autumn and spring floods would generate strong enough currents in 
the brooks to power the mills. So baking tended to be done twice a year. The wind 
mills could be operated year-round, but autumn would be the most hectic season. 
Bakers in towns and in homes could then depend on a more regular supply, which 
changed baking habits.

Just as the word corn generally meant the main staple in an area, the word bread 
signified the most common bread. Climate and soils determined the grain species and 
it determined the bread type. On this basis Europe may be divided into three major 
ancient “bread cultures”: 

–  A northern culture based on barley and oats (as food, for beer or horses 
 they were used everywhere)
–  An eastern culture based on rye and the ard, drawn by oxen
–  A western and Mediterranean culture based on wheat and the plow 
 drawn by horses.

The cool and wet north and west – from Finland to Ireland – was the realm of oats 
and barley. In Sweden and Norway korn meant barley, corn in Scotland was oats. The 
bread types were unleavened thin bread or bannocks. In Norway and a good slice of 

Fig. 114. Baking of flat bread. The 
dough is rolled on the table and the 
breads baked in the open hearth on 
a flat iron girdle. The bread (“loaf”) 
should be as thin as possible to dry 
quickly and to keep dry. Photo: Anders 

Beer Wilse (1865–1949), Norsk Folkemuseum. 

Fig.115. Arthur F. Hughes (1856–
1914). Our Daily Bread (1904). 
Baking wheat bread in an oven of 
the same design as the romans 
developed 2000 years before.  
Photo: Museum der Brotkultur, ulm.
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Fig. 116. Hole cakes stored through 
a pole below the ceiling.
Photo: Hannu Ahokas, MTT Finland.

To sell like warm wheat bread: 
reflects the time when wheat bread 
was uncommon and costly, but still 
in high demand.

Loaf: old Germanic word for bread 
present in many languages today: 
Danish lev = dough, Norwegian 
lefse = supple thin bread; German 
Leib = bread; Finnish leipä = bread; 
russian and Polish chleb etc. 

Lord: old English hlaifwerd, 
meaning the one who has the 
 bread or the one from whom I get 
my bread. Cf. the Scottish laird.

I had never thought that bread 
might have as many nuances of 
taste as wine. 

Mick Jagger about  
Polish rye bread

Without bread and salt, love  
is no good

Bread does not weigh on the 
journey.
 Polish proverbs

central Sweden the dry flat bread was baked in thin loaves of 50–60 cm diameter on 
an iron plate. In north Sweden and Finland they called it thin bread, usually smaller in 
size and more “bubbles”. Flat bread stored better than the flour, and the supply should 
last for one to two years. Indeed, the historian Olaus Magnus (1550) held that flat 
bread baked for baptism should keep until the day of engagement. A well-filled store 
indicated wealth, while fresh bread indicated poverty. The lot of the poor was, day by 
day, dry the grain in the kettle, grind it with hand quern and bake bread in the wafer iron. 
In Finland the fresh rieska bread was common in the north, but in the rye bread south 
such fresh glow cakes of barley were served for Sundays. When the Kalevala mentions 
the unusual combination of bannocks stuffed with barley porridge, it may have resembled 
today’s tacos.

Eastern Europe, stretching well into Germany, Denmark and the Baltic countries 
to Finland, were the heartlands of rye. Its supreme winterhardiness and modest 
demands to soils made it well adapted. Therefore Korn always meant rye in Denmark 
and Germany (and incidentally in Iceland, due to the Danish imports). In Finland the 
border provinces to Russia (Karelia and Savolax) were the first in Scandinavia to adopt 
rye bread on a daily basis. Later it spread throughout the entire south and along the 
coast. The German Hansa merchants brought their own bakers with them and deeply 
influenced later baking traditions. 

The typical rye bread, chleb, Laib or leipä, was leavened with sourdough, was oval 
or round but always heavy – 5–7 kg was common (in Poland up to 14, and 1 meter in 
diameter). The baking oven design was quadratic and part of the chimney, as was the 
east European tradition. In the western rye zone the oven design was the round Roman 
developed for wheat bread. In the Jutland heaths the oven was dug into the soil and 
fueled with turf or heather. Leavened bread was of course less durable – rye kept best, 
wheat the least. Baking days were once or twice a week or rarer. Once leavening with 
brewer’s yeast became fashionable in the towns, from the 1700s on, bread was increas-
ingly expected to be fresh.

Between the barley and rye zones was that of Scandinavian hard bread or knäcke. 
It was baked from rye sourdough, leveled and baked on an iron plate or griddle. Like 
flat bread, it kept well and was often round with a hole in the middle (in certain lands, 
more distal). The hole allowed the bread to be threaded onto a pole that was stored 
below the ceiling (fig. 116). When fresh bread became more common and the house-
hold supply less long-term, soft “hole cakes” became common.

The west, however, were the lands of wheat. Where winters were mild and soils 
fertile, frumentum was the grain of choice since the Roman Empire and before, 
although the poor had to make do with barley. Italy is wheatland, bread wheat in the 
north and central parts, but durum in the hot south, till it dominates completely in 
Sicily. The pockets of traditional wheats like emmer (farro) and spelt in more marginal 
areas are currently having a revival. Much of the same pattern is seen in Spain and 
Portugal. In France only froment or blè was and is what counts (the latter word prob-
ably of Frankish origin). Rye was the poor man’s bread, but since so many were poor, 
in France more rye was grown than wheat. “Pockets” of rye cultivation still remain in 
marginal areas. “The poorer the people, the darker the bread”, said an Austrian author. 
Up to high medieval times spelt (épautre) also was the poor man’s wheat, and in the 
Alps – from Schwaben to Switzerland – it remained the Korn until the 20th century. 
Wheatbread also dominated in western Germany, but has a much milder taste than 
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in France. In England wheat came early. According to the famous agronomist John 
Percival,121 “wheaten bread was preferred by all classes whenever it was available, and 
up to and during the Roman occupation [bread] wheat appears to have been the chief 
bread corn.” With the anglo-saxons came the rye, but in the 18th century wheat took 
back its old position and replaced rye as the main grain in Britain. Moreover, this wheat 
bread – white, with a mild taste, a spongy texture and a soft crust – became the stand-
ard toast in the USA and throughout the British Empire. 

The dubious reputation of bakers
This bread map mainly shows the countryside. City dwellers had bought their bread 
since the Middle Ages, and bakers eagerly supplied a great choice of grain and bread 
types for the upper classes or for holidays. However, they had to bake for all, not only 
Master’s bread for the wealthy and picky customers, but also the more humble  
Apprentice’s bread and the really mean Glume-bread of the poor. The bakers and their 
guilds had an even more dubious reputation than the millers. There were strict regu-
lations against underweight loaves. A key responsibility for the police was to monitor 
the bakers, and woe the baker whose breads were weighed and found to light. In 1482 
AD all eight bakers in Stockholm were severely fined to atone for their sins. The  
bakers’ guild had the monopoly (privilege) for commercial baking and for centuries 
fought against the numerous private shops than tended to pop up. From the 1700s 
the fresh and fragrant winds coming from Paris brought sweet breads for the upper 
classes, often served in the recent coffee houses and confectionaries.

The suspect status of the baking profession is well illustrated in the satirical poem 
The Smith and the Baker by the Norwegian/Danish poet, Johan Herman Wessel 
(1742–1785). The only smith in town is charged with murder and risks hanging. 
However, because there are two bakers in the town, the Judge rules that only one is 
needed and he sentences baker for smith, and the oldest baker is hanged:

That baker wailed his case to God
when he was led away.

Sweden – a leading power at the time – did military research on baking. Heavy mobile 
field ovens were essential on any battlefield. One result, still used today, was to make 
long, rectangular breads in frames instead of round ones. 

In the late 19th century the cast iron oven won acceptance in both town and 
country, at the time when wheat flour was imported from overseas became available 
for all. Bakers established in the countryside also diversified baking and bread habits. 
In the 20th century wheat conquered the northern bread zone. Even in an old rye 
country like Denmark, white wheat is giving the dark rye a tough time. Further east, 
the East-West axis on the bread map has prevailed against the “imperialism of wheat”.

The Swedish sweet bread (sirapslimpan) has a special history. During WWI Swe-
den was short of flour, but had sufficient sugar. Bakers were ordered to add sugar to 
the bread to increase its calorie content. This was very popular and it became a habit, 
especially in the north.122

Bread from rye will do you good,
bread from barley’ll do no harm,
bread from wheat makes sweet 
 your blood,
bread from oats makes strong 
 your arm.

Irish rhyme

Samain – the bread for the dead – 
was a custom at the Celtic new year, 
coincided with the All Souls Day  
on Nov. 2nd and later Halloween.

Bagels: A Jewish wheat bread type 
from Poland, ring shaped, sweet 
and with sesame seeds, now 
typically associated with the uSA

A Baker’s Dozen: Meaning 
thirteen, related to the 12+1  
that bakers had to make to 
compensate underweight loaves.

To be weighed and found too light:  
to bake underweight bread, lighter 
than the prescribed norm. This was 
a serious offense, if the baker was 
found guilty. A certain baker 
Wackerbold in Zürich had to walk 
the plank overlooking Lake Zürich 
to be “weighed” against a certain 
number of his own breads, 
corresponding to his own weight. 
Since they were too light, he fell 
into the lake. Deeply offended he 
put fire to his bakery and with it 
burned half the city. – The original 
source of the idiom is from the 
biblical book of Daniel, where this 
was “the writing on the wall” for the 
Babylonian king.
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The forgotten chapter on porridge
Bread has been praised in poems and songs throughout the ages. Its older brother, 
porridge, however, enters literature with no marked success. This also applies to  
cereal research. Yet, at all times grains boiled and served hot have been a more impor-
tant dish than bread – especially if we include boiled rice. In Africa maize porridge 
is the staple. In Malawi and Zambia the fluffy white substance is called nsima, in 
Zimbabwe sasadzai, in Botswana bogobe and so on – dear child has many names. 
Porridge has been made from all species of grains, from whole grains or rolled flakes 
to the most refined flour. Before Romans knew baking, they did know porridge – 
pultus – made from emmer or barley. The Greeks derogatorily called Romans 
 pultiphagonides, porridge devourers. Soldiers (and gladiators) ate barley porridge 
for two weeks prior to battle. It digested less quickly and gave them more force and 
sexual energy. If they returned home, they would be fed on adora – porridge made 
from emmer.

Most Nordics were porridge devourers up to the Viking era. Indeed, barley and/
or oat meal was synonymous to having a meal up to the 20th century. In written records, 
however, it is conspicuously absent. In the Saga of Harald Hardruler the saga chro-
nicler, Snorri Sturluson, tells about the Icelandic skald (bard) Sneglu-Halle invited to 
the king’s table in Nidaros (Trondheim). The king was known to be stingy, and when 

Fig. 117. Nicolas de Bruyin (1571–
1656). The porridge eaters (1609). 
The text does not speak respectfully 
about porridge: “I fill my belly up 
with porridge/ but remain just as 
lean”. Photo: Museum der Brotkultur, ulm.
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he had eaten, he would knock with his knife in the table and end the meal. However, 
Sneglu-Halle had not had his fill. He rose, recited a poem mocking the king and left 
to have more porridge in the town.

The king was furious and wanted revenge. In the evening he called upon the poet 
and placed before him a huge bowl of porridge. Sneglu-Halle went at it and ate and 
ate. Having had his fill, he felt for having a nap, but the king said, “stay and eat until 
you burst”. Sneglu-Halle replied sarcastically that if the king wanted to kill him, he’d 
better use his sword than his porridge. This made the king mute and he had to take 
back his words.

The porridge served by the king was probably excellent, from the best barley or 
possibly even wheat and made with rich cream.

People ate porridge day-to-day and at holidays and celebrations. Ordinary porridge 
was made from flour and water plus salt. Everyone ate from the same bowl, using 
individual spoons of wood or horn. The drink was usually skimmed (sour) milk, skir 
or beer. The porridge may have been fortified with dry meat or sheep tallow and sugar. 
If made from pea flour, wheat would be added to make it milder.

Little is written about how it tasted.
Among the few reports about taste is once again, from Johan Herman Wessel.  

In his satirical poem, Water Porridge for Sweet Porridge and Sweet Porridge for Water 
Porridge, he describes a case where the two had been exchanged by mistake to the 
surprise of the eaters:

That the Heavens favour Ye, we see from this 
Miracle: Milk far better than water is.

The Norwegian writer, Aasmund Olavsson Vinje (1818–1870), immortalized an  
oat porridge he was served when he arrived at an inn near Trondheim one hungry  
morning in July 1860:

Now, that was oaten porridge true to its name. The glumes stood out like bristles 
on a boar’s back and black it was like wet ashes. I got good milk with it and ate 
and ate, and it scratched the throat as when a spruce’s top scours down the chim-
ney when sweeping. It felt like my whole being quivered at this blissful meal.

From this we may conclude that the flour was poor, since the glumes were not 
ground (today they are dehulled prior to making flakes). Moreover, the oat glumes 
were black, typical up to the 20th century of oats from poor soils.

In Vilhelm Moberg’s epic, The Emigrants, there is a sad case of a child who eats 
barley grains left to swell in water. The child dies when the grains swell in his stomach. 

Good porridge should fill one’s stomach, and should be thick. That’s why the 
Kalevala mentions that

Then the bread was baked and ready
And the porridge stout and sturdy. 

Thin porridge – gruel – was second choice. The proverb to make a way in the gruel 
means to make things right, and probably hints that only heavy porridge is real value. 

Puls: Vernacular for the Latin 
pultus, porridge. The word pulse 
(heart beat) has probably the  
same root.

To fall into the butter: Means to  
be fortunate, get the better part,  
or to be greedy. The latter is the 
historically correct. A porridge 
boiled on water was very lean and 
hence should have an eye of butter 
in the middle. The polite way of 
eating was to dip the spoon at 
 the edge of the butter, not in the 
middle, which was greedy.

To afford salt in the porridge:  
In subsistence agriculture certain 
essentials were purchased, and  
one of them was salt for both pre-
serving and spicing the food. The 
idiom, therefore, means to have 
enough for the day-to-day use.



135

It was to be so thick that seven cats could walk on it without leaving foot prints and 
so solid it could be sliced with a knife when cold.

Up to the 20th century porridge was also at the center of all major festive meals 
– although meat was also served. Among the affluent meat was, of course, eaten daily. 
Birth porridge was brought to the new mother by other housewives. It was to be from 
rich cream and especially nourishing, so that she could soon get on her feet and breast-
feed well. Wedding porridge was both the main dish and the cake. The newlywed cou-
ple had to eat it with chained spoons. 

Christmas porridge was on the table during many days of the Christmas season. It 
was rich and filling and had to be enough both for the indoor residents and outdoor 
residents – the nisse or tomte, who were a mixture of ancestors and subterranean dwell-
ers and could be a great nuisance if not well treated.

Like boiling roasting makes grains digestible and gives a special nutty taste. No 
wonder roasted grains eaten as a snack, boiled or ground into flour are among the most 
ancient of human foods. In Ethiopia tihni – roasted barley flour mixed in water – is 
dipped in meat sauce like fondue. In Tibet such tzamba is a staple food, often stirred 
with buttered tea. In the Middle East freekah – durum grains harvested green and 
roasted – is a delicacy boilt with rice and roast lamb. 

Fig. 118. Tomte with his Christmas 
porridge, by Swedish artist Jenny 
Nyström. Since it is Christmas Eve, 
the porridge is made from rice. 
© Kalmar Läns Museum/BuS
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Beer at all times
The oldest of Nordic poems almost compete in their praise of beer. In the 20th 
Rune of the Kalevala, we read about the preparations for the wedding in Pohjola:

“Never have I learned the secret,
Nor the origin of brewing.”
Spake an old man from his corner:
“Beer arises from the barley,
Comes from barley, hops, and water,
And the fire gives its assistance.”

The problem is it will not ferment – so

Osmotar, the beer-preparer,
Kapo, brewer of the liquor,
Deeply thought and long considered:
“What will bring the effervescence,
Who will lend me aid efficient,
That the beer may foam and sparkle,
May ferment and be refreshing?”

The word is passed to search the whole earth for yeast. Everything from spruce 
cones and bear’s saliva is tried, but only honey is able to do the trick:

Osmotar, the beer-preparer,
Placed the honey in the liquor;
Kapo mixed the beer and honey,
And the wedding-beer fermented;
Rose the live beer upward, upward,
From the bottom of the vessels,
Upward in the tubs of birch-wood,
Foaming higher, higher, higher,
Till it touched the oaken handles,
Overflowing all the caldrons;
To the ground it foamed and sparkled,
Sank away in sand and gravel.

This is solved through a technological innovation where the beer was

Stored away in casks and barrels,
There to rest awhile in silence,
In the cellars of the Northland,
In the copper-banded vessels,
In the magic oaken hogsheads,
Plugs and faucets made of copper.

Fig. 119. The beer inspector Herr 
Hans Franck at work. He was a 
public servant who measured 
quantities of malt and beer to be 
taxed. Photo: Mendel Band I, 1506.
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In The Poetic Edda there is the discourse Allvismál (The sayings of Allvis) between Thor 
and the all-wise Allvis, and they also touch on beer:

Thor spake:
“Answer me, Alvis! | thou knowest all,
Dwarf, of the doom of men:
What call they the ale, | that is quaffed of men,
In each and every world?”

Alvis spake:
“’Ale’ among men, | ‘Beer’ the gods among,
In the world of the Wanes ‘The Foaming’;
‘Bright Draught’ with giants, | ‘Mead’ with dwellers in hell,
‘The Feast-Draught’ with Suttung’s sons.”

The many names mentioned by Allvis, also indicate different types of beer. What men 
call ale is beer for the gods. The giants’ name, ‘Bright Draught,’ means “strong drink” 
which may both sharpen and blur the mind. That was also the effect of mead made 
from honey, the most noble on the list. It was mead that Odin stole from the giant, 
Gunnlod, in order to acquire the gift of poetry, and hence Suttungs mead is often ac-
claimed. The daily beer, munngát (“mouth good”), however, is not mentioned here 
and only once, elsewhere, in the Edda. When King Magnus the Lawmender ordered 
that patients in the hospital in Bergen should have only one liter of beer a day, he was 
probably referring to this kind of beer. The Chaplain, however, was entitled to three 
per day and four on Sundays. The French equivalents ranged from “table beer” for 
poor pilgrims and up to “special breer” for abbots. In the famous monastery in Vad-
stena the nuns were to have three liters. Happily they would not have children, for if 
they had, it may have been enough to develop the fetal alcohol syndrome.123

Beer is sweet if not spiced, and the ancients used many herbs for this purpose.124 
The bush bog myrtle (fig. 120) was commonly used during the first millennium and 
until medieval times, when it was replaced by hops (fig. 120). Hops were introduced 
through monasteries around 1000 AD and widely cultivated a century later. At first, 
hops were vigorously opposed in southern Sweden and Denmark, for one specific 
reason. Not only was it a spice, but also a preservative. Thus, beer became storable 
and an export commodity by the Hansa merchants. This competition was unwanted 
and hops were to blame. Further north hops were readily accepted. Myrtle ale retained 
a reputation for being a stronger booze and give Christmas skull. In 1442 King  
Christopher of Bavaria ordered hops to be grown on all farms and the church  
accepted it as tithes. As with milling the church was a technological avant-garde.

Just like bread, the quality of beer was closely monitored.125 King William the 
Conqueror appointed beer inspectors, whose task was to survey its quality. When 
new ale was for sale, a sign would be posted and the conner would arrive to check it. 
He wore leather trousers and poured some of the liquid on a chair. Then he sat on it. 
If it was sticky, that meant that there was still sugar in the beer and fermentation was 
incomplete. By royal permission he fixed the price on the basis of his test.

In his classic, Beer and Brewing Traditions in Norway (1968), the ethnologist, Odd 
Nordland, gives a vivid picture of how brewing was done in the Nordic countries.126 

Fig. 120. Bog myrtle (above) and 
hops – important spices in beer. 
Foto: Jeanette Brun, uMB.
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It is quite moving to see how little the practitioners actually understood of the  
biological intricacies. Each step in the protocol could lead to disaster if skills or the 
malt or some unknown factor went wrong. Not only was the scarce malt at stake, but 
so was the entire social event for which the drink was meant. To toast the host was an 
expected courtesy, to decline it a grave insult. A word of praise about taste and strength 
was also appropriate. “Up from the beer springs both honour and dishonour”, wrote 
the Danish historian of religion, Vilhelm Grønbech. Of particular importance was the 
Christmas beer, brewed during the longest night of the year, from December 12–13, 
St. Lucy’s. It was filled into vats on the day of St. Thomas the Brewer, December 21st. 
Then everyone got a taste. At Christmas they drank it til árs och fridar, for a good year 
and peace. Not only did the neighbor get some drops, so did the subterranean neigh-
bor. The cow was fed with the malt, with the saying Christmas malt and Easter salt 
is good for all. The ox would also have his share. Other important events where beer 
was vital were to drink wedding or to drink birth (baptism). Grave ale was so impor-
tant that the coffin might have to wait for the beer. The numerous toasts to the 
departed were in his honor, not for their alcohol. However, the custom was severely 
opposed by the religious revivals and prohibitionist movements in the 19th century 
and abolished.

There is little doubt that the quantities involved may have been a good reason  
for this, and a never-to-be-beaten record is held at the wedding in Kalevala:

When the hostess of Pohjola
Heard how beer was first fermented,
Heard the origin of brewing,
Straightway did she fill with water
Many oaken tubs and barrels;
Filled but half the largest vessels,
Mixed the barley with the water,
Added also hops abundant;

Well she mixed the triple forces
In her tubs of oak and birch-wood,
Heated stones for months succeeding,
Thus to boil the magic mixture,
Steeped it through the days of summer,
Burned the wood of many forests,
Emptied all the springs of Pohya;
Daily did the forests lessen,
And the wells gave up their waters…

(The stones were for heating the wort. Since they could not heat a wooden tray on 
the fire, stones were heated and immersed in the liquid.) In Norway the usual ration 
would be 30 liters per household that came to visit, but then a wedding or funeral 
would usually last three days and Christmas twenty. It was a disgrace for the host if 
guests were not drunk, and if they were not, at least they had to pretend to be. Of a 
sober guest it was said, “May the Lord look with mercy upon this neglect of His good 
gifts.” That beer bowls might turn people into beer bullies, is little wonder, a fact well 

Fig. 121. The brewer. In the back-
ground the boiling of the wort,  
in the middle fermentation, in the 
front filling the vats. 

Fig. 122. The beer bowl for  
common use was important on 
festive occasions and often highly 
decorated. Photo: Helgeland museum
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witnessed in the Kalevala. The priest, Magnus B. Landstad (1802–1880), published 
two of the most widely read books in Norwegian literature, Norwegian Folk Ballads 
(1852) and Church Hymnal (1869). He tells from his childhood in Telemark:

At the turn of the last century one had progressed so much in the mountain 
huts, that one longer was fighting with edge or tip (i.e. knife), but with the bare 
fists and, if need be, the teeth. Power and prowess was held in high esteem, and 
to be a renowned fighter was no dishonor. The greatest amusement in a party 
was to watch some clever fighting and the dearest subject of gossip to tell about 
how many were involved, and who had got badly bruised, how it had happened 
etc. That party was considered a failure, where no fighting had taken place.

The potato – the new bread of life127

In the 18th century the pivotal role of grains in the diet was at last shaken up. The great 
dietary pioneer in the Nordic countries was industrialist Jonas Alströmer, who in 1727 
AD published the book, The Swedish Protecting Shepherd’s Faithful Guide to Good Sheep 
Husbandry, with an Attachment on Potatoes or Earth Pears, and the Plantation of Elm, 
Wild Apple and Oak Trees. In his next pamphlet, The Shepherd’s Secret Arts Disclosed 
(1733) he argued for mixing potatoes in the dough of thin bread. It is unclear if the 
introduction of potatoes into Finland around 1720–30, at Fagervik Manor in Ingå 
Parish, can be directly traced to Alströmer or to German smiths. However, in 1758 
the potato arrived in Iceland, directly from Alströmer’s farm in Alingsås. One of his 
actual shepherds, Jonas Botsach, entered new service at Bessastadir Manor outside 
Reykjavik and brought potatoes with him. This was one year after the first written 
record for potatoes in Norway. French Protestants had planted potatoes in Danish 
soils (at Fredericia) already in 1719–1720, but it did not set root until the German 
Kartoffeldeutschern established in Jutland in 1759–62.

In spite of such local successes, the potato met with considerable resistance 
throughout the century. Linnaeus wrote in his Journey through Scania (1751) that 
the people will not eagerly eat the roots. The Norwegian “potato priest” Peder Hertz-
berg, preached the blessings of it both in writings and sermons, but his parishioners 
remained skeptical. They blamed the potato for making their wives too fertile! The 
potato was not merely calories and proteins, but also a major source of vitamin C. 
About 250 years ago as many as half the people might have suffered from scurvy 
(vitamin C deficiency) during some parts of the year, and pregnant women and 
infants were particularly prone. Many more children lived and grew due to the 
potato, which is (in part) held accountable for the major increase in population after 
1815. Another decisive factor behind its breakthrough was that it was also most 
suitable for distilling. By 1875 the potato consumption in Norway averaged one kg 
per person per day, as boiled potatoes or mixed with flour in potato pannocks, flat 
bread, potato porridge and potato balls.

Potato production was, without doubt, the most significant innovation in agricul-
ture and diets during the centuries from 1300–1800. Today it provides about 3 percent 
of the calories in the diet, approximately the same as when it’s use started to pick up 
around 1800.

Fig. 123. Digging potatoes in 
Hardanger in 1894. Photo: Knud  

Knudsen, universitetsbiblioteket i Bergen.
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genes 
FOr bread 
and beer
Today there are hundreds of grain products in the super-
markets. There are the crisp breads, the former exotics 
such as pita and nan. There are the müeslis and flakes and 
cheerios and an array of flours, and readymade mixtures for 
home baking in bread machines. yet we have made no 
mention of the numberless products based on or containing 
grain starch. how can there be such a diversity of products 
from such dull and inconspicuous grains? 

Panderus: he that will have a cake out of the wheat must 
needs tarry the grinding.

Troilus: have i not tarried?

Panderus: ay, the grinding; but you must tarry the bolting.

Troilus: have i not tarried?

Panderus: ay, the bolting; but you must tarry the leavening.

Troilus: still i have tarried.

Panderus: ay, the leavening; but here is yet in the word 
“hereafter” the kneading, the making of the cake, the 
heating of the oven, and the baking; nay, you must stay the 
cooling too, or you may chance to burn your lips.

 William Shakespeare: Troilus and Cressida.128
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The composition of the grain
Since rice is the most important grain used for food we will use it as a model to show 
how a grain is composed. Rice has so many different measures of “good” quality, based 
on mutations, that most rice eaters have no idea about.

Earlier in this book we looked at the different parts of a flower in a grass: First, two 
outer glumes, then, two inner glumes that surround the sexual parts of the flower, of 
which the ovary will become the grain, or in botanical terms, the fruit. We also men-
tioned that in wild species the glumes enclose the grain as a shelter during seed dis-
persal and that the “naked” seed is a typical man-made trait.

Figures 125 and 132 show that in cultivated rice the glumes are still attached and 
may have different shapes and colors (even awns). Rice needs to be “dehulled” to 
release the grain. This is the first step toward becoming food, and it reduces the weight 
by some 20 percent. The same applies to oats, spelt, emmer and einkorn. In barley the 
glumes are more firmly attached to the grain and can only be removed by polishing.

Rice grains also have a wide variety of colors (fig. 132). Nearly all cultivated Asian 
rice is white, although red rice occurs in some products. African rice is always red. 

The variation in shape is startling. Although indica is long grained and japonica 
round, there is a wide range within each main group to which consumers pay close 
attention. 

Rice is rarely eaten “raw”, it is polished. This is because the germ (embryo) contains 
fat that turns rancid on storage. Besides such “natural rice” takes twice as long to cook. 
Through polishing the outer cell layers are removed the first to go is the seed coat, mostly 
dead cell walls made of cellulose and lignin, which we call the bran (cf. fibers, below).

Immediately underneath the seed coat are the aleurone cells that are also removed 
by the polishing. They are filled with nutrients: high value proteins, 30–80% of vitamin 

Fig. 124. From the open Bakery 
in oslo. Photo: James Hudson

Fig 125. Shapes and colours in 
rice before dehulling. Foto: IrrI.

usually the greater grain size in 
cultivated rice comes from 
recessive mutations losing 
control of cell division.
 The gene Grain Size 5, however, 
changes the shape from long to 
oval by being expressed more 
strongly. 
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B’s and up to 90% of the minerals. Cell walls are strong, built by betaglucans or het-
eroxylans (cf. fibers, below). They are living cells that play a key role during germina-
tion. That barley has three layers of aleurone cells but rice, wheat and maize only one, 
is one reason why barley makes the best malt.

Polishing also removes the germ – the shriveled scar close to the tip of the seed. 
Once the grain swells in water, it communicates with the aleurone cells and initiates 
germination. The germ is rich in unsaturated fats and fat-soluble vitamins (vitamins 
A and E and 60% of the thiamin or B6), but a valuable source of edible oil.

Up to 10 percent of the grain has now been removed from the grain, and it is 
essential to avoid broken seeds in the process.

The remaining polished rice is composed of the dead cells in the storage reserves 
or endosperm. Up to 95 percent is starch, 5–7 percent is protein and less than one 
percent fat. But 80 percent of the iron, 90 percent of the magnesium and 50 percent of 
the grain’s calcium is “gone” (a valuable feed for livestock). There is a large genetic 
variation between varieties and content can be increased again through breeding.

Through parboiling, which means to “pre-cook” the rice so that the cells are destroyed 
and starch gelatinized, most of the vitamins and minerals are retained after polishing.

It is of no comfort that even more nutrients disappear in the milling of wheat and 
rye. The extraction grade tells how much. Typical white wheat flour contains 75–80% 
of the grain, again with a greater loss of vitamins and even more of fibers. The purpose 
of the sifting is to make the bread more porous and airy, qualities that we also appreciate.

The whole grain or “dark” flour, however, contains what it says. In barley flour the 
valuable betaglucan fibers are evenly distributed through the whole grain. Oatmeal 
also contains the whole grain and is heated to avoid rancidity in the oil.

Fig. 126. The main components of 
a wheat seed. All grains share the 
same basic structure: seed coat, 
aleurone layer(s), endosperm and 
germ (embryo).

Bran

Germ

Endosperm

Aleurone-cells
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Starch – more than energy
Since 85–95 percent of the polished grain is starch, we need a closer look at it. Starch 
may appear as a rather unsexy topic. This impression will soon be corrected. Few bio-
logical materials have wider uses. Here is a selected list of products in which starch is 
an essential, raw material:

Ethanol, vinegar, biodegradable plastics, foam for fast food trays or packaging 
electronics, drilling fluid in oil wells, textiles, glue, rubber, wallpaper, cardboard and 
paper, coating of paper, car tires, fireworks, cosmetics, dyes…

And if we restrict ourselves to edible products: baking products, baking soda, beer, 
canned food, thickeners, chewing gum, chocolate, mayonnaise, ketchup, mustard, ice 
cream, sausages, baby foods…

To understand this, we must remind ourselves what plant do: transform solar 
energy into chemical energy in the form of sugars – glucose, a six-edged ring with an 
oxygen atom in one of the corners.

Sugars are fuel for the plant, but if not used straight away, it is stored as long chains 
of sugars that we call polysaccharides.

The most common chain bonding has the carbon atom number 1 (see drawing 
below) hooked to number 4 in the next. However, sugar molecules are not flat, and if 
we see this in space – like a chain of people joining hands - it may happen in two dif-
ferent ways with radically different results. If all sugars are facing upwards – like peo-
ple facing each other – we call the bonding α-1,4 and the result will be an helix, starch. 
If they face alternate ways – like we may easily imagine people – we call the bonding 
β-1,4 and the result will be flat sheets of cellulose.

Starch, then, is a so-called alpha helix with 200–700 glucose units. They may 
adhere to a dozen others forming thicker and overlapping super-helices as in a coil. 
This type – called amylose – makes up 25 percent of the starch in a grain. The remain-
der – or most – of the helices are shaped like “trees” where shorter chains up to 30 
glucoses are the branches. This type of starch is called amylopectin. It can be 100 times 
bigger than amylose. Together they are packed very densely in the starch granules. For 
this reason the high energy content makes grains very valuable.

Fig. 127. rice after polishing. 
Note the translucence and the 
missing germ. Photo IrrI.

Fig. 128. Amylopectin, the 
branched type of starch. Without 
branches we have amylose.

Fig. 129. rice during polishing. 
Note both translucent and chalky 
seeds. Photo IrrI.



149



150

An important criterion for rice’s quality is if the grains are translucent or chalky. 
The latter is an inferior trait, except in risotto where rice has always “looked that way.” 
Translucence is due to perfect crystalline packing of the starch. The chalky trait is due 
to more irregular crystalline packing. We find corresponding traits in hard (flinty) and 
floury maize or hard and soft wheat.

When rice is boiled, it absorbs water until the starch granules burst, or, in tech nical 
terms, they are gelatinized. This occurs at temperatures between 55° and 85° C in dif-
ferent types of rice. If we could utilize mutations that require lower temperatures for 
gelatinizing, we might save enormous amounts of energy. If the average cooking time 
for rice could be reduced by 4 minutes per meal, that would mean a daily energy  
saving of 10,000 cooking years! This would be noticed both in domestic and in  
global carbon accounting.129

Once rice is cooked, another array of variants emerge. As is well known, rice  
texture may vary from “loose and dry” grains through a light and fluffy mass to sticky 
lumps. This is due to the amount of amylopectin. The more of it, the stickier the 
product. With 98–100 percent amylopectin we get the Japanese dessert rices. With 
93–98 per cent we have the typical round japonica, used for sushi. If we move down 
towards the normal 75% and add the variety of shapes, we may derive the whole 
palette of rice types. Normal starch (75 percent amylopectin) also will swell when 
boiled, but the grains retain their shape, and most Asians find such rice tasteless and 
dry and hard to eat with sticks. To understand the differences more deeply, we need 
to look at how starch is synthesized. Both amylose and amylopectin are built up from 
glucose, and they compete for the same source. The flow in each direction depends 
on different enzymes that are closely adjusted to arrive at the 1:3 ratio. However, 
mutations may make the amylose-building enzyme, GBSSI, less efficient, and then 
the flow goes towards more amylopectin.

The mutation that gives close to 100 percent amylopectin, where the enzyme is 
more or less deficient, is called waxy, since the endosperm is a bit softer than usual. 
Such mutations are found in all grains, confirming Vavilov’s principle that people have 
picked up similar traits in different plants.

Waxy starch has very useful technical properties. Normal starch will swell in a 
warm sauce, but thickens to an opaque gel upon cooling. Waxy starch stays liquid and 
transparent. We see this in corn syrup, which is made from waxy starch. Upon freezing 
and thawing normal starch collapses, leaks out water and looks unappealing. Waxy 
starch retains its texture,which is why it is a key ingredient in many frozen foods.

Other mutations impede the flow towards amylopectin. A mutation in the enzyme 
SSIIa leads to a longer cooking time for rice, because there is more amylose. Since amyl-
ose is less degradable in the stomach, varieties that have more of it reduce the glycemic 
index and help regulate the blood sugar. 

Once rice is boiled there is time for tasting it, and here Asians have a wealth of 
nuances that pass by most westerners. There are at least 100 compounds that give 
fragrance to rice. They are often volatile and depend on the variety, the environment 
where it was grown, on storage time and on the cook. At best, we will be able to  
distinguish the jasmine and basmati from other rices, but hardly between them, since 
the fragrance comes from the same compound (2-acetyl 1-pyrollin). It turns out that 
the same enzyme has mutated in both, and a detailed analysis has shown that the 
fragrance mutation originated in basmati.130 

Fig. 131. Sugar maize – or sweet 
corn – has an impaired ability to 
link glucose into starch. Hence, it 
tastes sweet. The shrunken seeds 
in between the normal are dry 
sweet corn. The ratio normal to 
sweet are approx. 3:1, as predicted 
for by Mendel’s Law. The mutation 
shown – called shrunken2 - is used 
in “Supersweet” varieties. They 
have up to eight times more sugar 
than with the old sweet corn 
mutation sugary that just makes 
starch more slowly, so the 
sweetness does not last. A third 
mutation, sugary enhancer, has 
twice as much sugar as sugary  
and very tender kernels. As may  
be imagined from the picture, 
shrunken2 kernels germinate less 
well, while sugary enhancer is 
normal. They are combined in 
current “Xtra tender” sweet corn 
varieties.

The mutation amylose extender in 
maize – giving 70 percent amylose 
– is especially suited for biofilms 
and biodegradable fibers. 

Fig. 132. Variation in shapes and 
colours of rice. Photo: IrrI.

Fig. 130. rice after cooking.  
Note the stickiness. Photo: IrrI.
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Fig. 132. Brewery horses had to be 
strong. From Aass Brewery, the 
oldest in Norway still brewing, 
founded in 1834. Photo: Aass bryggeri.
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from barley to beer
That was a wise man, who invented beer. 
     Platon

Beer is proof that God loves us and wants us to be happy. 
     Benjamin Franklin

In the poem John Barleycorn Robert Burns described the fate of the barleycorn from 
field to malt, until he resurrects in beer. We have seen that this has been an essential 
grain product since Babylonian times. We recall the many names and kinds of beer in 
The poetic Edda and that beer quality has been a much discussed. In Germany a beer 
purity law – Reinheitsgebot – was passed in 1516 and is still observed. Only three  
ingredients were allowed: water, malt and hops. Since they did not know of yeast, it was 
not on the list. It was always present from previous brewing batches. These main ingre-
dients are the same today, but modern breweries have added a few tricks. We will follow 
the brewing process step by step.131 The first step is the conversion of grains into malt. 
Next comes the brewing of beer, or sometimes the distilling into stronger alcohols such 
as whiskey. Malt is generally produced in separate malthouses, and most breweries buy 
ready-made malt, although some of the bigger corporations make their own. 

Fig. 134. The color of the beer is 
determined by the temperature 
during roasting of the malt.  
Photo: iStock.

Fig. 135. John Barleycorn.  
The famous song by Burns has 
inspired an unknown artist.
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Step 1. The malting
Steeping: At first the barley grains are washed to remove dead seeds. Then they are 
allowed to swell (steep) in water at 12–15° C for one to two days. The water is changed 
several times to wash away dust and unfavorable compounds in the glumes. As the 
grains increase from 15 to 45 percent moisture, they are continuously aerated to avoid 
overheating in tanks that may hold 2–400 tons.

Germination: The swelled grains will immediately germinate, which takes place  
in a malting frame or in tanks at 14–18° C with the grain in continuous movement. 
In the old days men would walk the malt floor and move the mass of grains with 
wooden spades. After 4–6 days the seed roots emerge at the apex of the seeds, but the 
germ itself should still be covered by the glumes. At this point the endosperm is  
soaked wet and cell walls and proteins broken down by various enzymes. The starch 
is attacked by α- and β-amylase enzymes, but for good malt the breakdown should  
be minimal. Although the granules’ round shape protects the starch for a while, it is 
vitally important to stop germination in time. Although monitored by automatic sen-
sors a good maltster rubs the grains in his hands. He must develop a keen feel for it, a 
Fingerspitzengefühl. 

Kilning: The newly germinated grains – the “green malt” – are dried to 4–5 percent 
water at temperatures rising to 80–90° C to become malt. The drying speed decides 
the type of malt and the taste and color of the beer – from light beer via lager and ale 
to the darkest stout. Malt for the latter is roasted at 200° C to allow the sugars to 
caramelize and darken (like the crust of bread). As for wine there is a special lingo for 
malt quality: from sweet, honey, caramel, chocolate, coffee to the more enigmatic 

Fig. 136. Malting. During 
germination the moist grains are 
continuously aerated to avoid 
fermentation and overheating. 
Photo: Carlsberg International.
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bisquit or wood tastes. A share of the grain energy has been used in the process –  
1.3 kg grains produces 1 kg of malt. 

Malt should be stored for at least a few weeks before brewing. A brewery decides 
the color and taste of its beer by careful and discriminating choice of malt.

Step 2. The brewing
Mashing takes place in the brewhouse. The malt (crudely ground in a mill) is mixed 
with water and heated to 65–70° C, when starch granules swell. The amylase enzymes 
then have full access and within an hour they break down the starch to malt sugar 
(maltose, with two glucose units). These enzymes are heat sensitive, so temperature 
control is essential. Indeed, the invention of the thermometer was meant to replace 
the rule-of-thumb: the mash liquid had the right temperature if you could just bear to 
stick your thumb into it.132 In the darkest malts the enzymes have been destroyed 
though the kilning. Even in brewing stout only 5–10% will be such malt.  
The rest is light, with active enzymes – or enzymes that have been added.

Malt is expensive, so modern breweries often add cheaper rice or maize starch 
(called adjuncts). This is especially true in light beers which are poor in calories.  
A bottle of “real” beer should, therefore, say “100 percent malt”. German beer is always 
pure barley malt, while the Mexican Corona is 100 percent maize malt. 

Then the mash is sieved through the mass of glumes, which is the real mashing 
and yet one reason why barley is so preferred for brewing. It is then sieved a second 
time through a metal sieve, so-called lautering (from German Lauterung, clearing). 
The end product – the malt extract – contains up to 81 percent of the sugars in the 
malt. This is boiled for an hour with hops, for taste, for foam and as a preservative. The 
type and quantity of hops give the bitter taste to beer, which balances the original 
sweetness of beer.

Mashing and sieving were critical steps in the old brewing, and the lack of under-
standing their roles led to variations in the craft.133 Sometimes the mash pan was 
outright boiled (obviously destroying all enzymes). Other people used cold water as 

Fig. 137. Brewing. During mashing 
the malt extract is collected through 
the funnel in the middle. The 
digested malt – mostly glumes – 
acts as a sieve in the process.  
Photo: Carlsberg International.
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a no-risk method. The lautering was done through tresses of rye straw. To “stretch” 
expensive malt, it was often mashed in “juniper extract”, water where twigs of juniper 
had been boiled for a long time to give a fresh taste (otherwise known from genever 
or gin). Black alder woodchips on the bottom of the pan could add to the color.

Fermentation: After cooling the extract is diluted to a suitably concentrated wort and 
ale yeast is added. Then it will ferment very quickly, for 5–7 days at 15–25° C.  
The yeast will die when all sugar has been converted into alcohol. Such top-fermenting 
was the usual process in the old days and gave what we know as ale, stout, Weisse, 
Hefeweizen etc. During summer, the lack of cooling-ability made brewing a risky 
business. In Småland in Sweden the fermenting beer was cooled with ice stored from 
winter. Further south brewing was prohibited from April 23rd to September 29th when 
they could brew again. This is the reason for der Oktoberfest in München.

In the 19th century this enabled Czech monasteries to slake the summer thirst and 
brew bottom-fermented summer beers in their cellars. There it could ferment slowly at 
10° C, up to two months, with the yeast still alive, hence it was called Lager (German 
for stored.133 The most well known – pilsener – was developed in the town of Plzeň in 
1842.

Fermentation was probably the most critical stage in the old brewing, especially 
during winter. To keep the temperature up, fermentation took place in a warm room 
and was monitored day and night. Brewing – and especially for Christmas – had an 
air of solemnity to it. During fermentation the brewer wore Sunday clothes. From 
Funen it is told that he might kneel before the pan and pray for the success of the 
process. In the brewing room there was an atmosphere of calm. The yeast should not 

Fig. 138. Beer is bottled in the old 
way. Photo: Aass Brewery archives. 
Photo: Aass Bryggeri.

Indian Pale Ale was exported from 
uK to India. It was very “hoppy” 
to keep well – and tasted bitter.

Imperial Beer was used as ship 
provisions in cold seas – and had 
up to 9 % alcohol not to freeze.
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be “disturbed” or “alarmed”. If something failed, both valuable malt and personal honor 
were at stake. Many a belief is associated with the fermentation, such as pleasing the 
spirit in the hearth with a splash of the first wort. If the spirit was not brought to calm 
by this, it was advised to chase him with a glowing horse shoe, the sign of the Cross 
or a burning juniper branch.134

Packaging and aging: Now the beer may be filtered and bottled, often with some add-
ed CO2 for extra fizz. Then it is stored cool until ready – in the old days in wooden 
vats in a basement. Today steel is used. A modern brewery may fill 10 million beer 
cans a day, while many house- or microbreweries invest their honor (or dishonor) in 
biological finesses such as pure malt, selected hops and spices.

To make one liter of pure malt beer it takes 150 g of malt and 0.5 g hops. Due 
to an increasing thirst in countries like China, India and Brazil, the price of malt has 
increased sharply, and in 2007 there was a shortage in the world market. In China 
– now the biggest producer and consumer of malt and beer – breweries replace half 
the barley malt with rice or maize adjuncts. Indeed, beer has become both lighter 
and weaker, down to two percent alcohol in order to stretch the scarce malt. A good 
summary of the many steps of brewing is found in the 25th Rune of the Kalevala:

Excellently has the housewife, 
Has the hostess filled with wisdom,
Brewed the beer from hops and barley,
From the corn of Kalevala,
From the wheat-malt honey-seasoned,
Stirred the beer with graceful fingers,
At the oven in the penthouse,
In the chamber swept and polished.

Neither did the prudent hostess,
Beautiful, and full of wisdom,
Let the barley sprout too freely,
Lest the beer should taste of black-earth,
Be too bitter in the brewing,
Often went she to the garners,
Went alone at hour of midnight,
Was not frightened by the black-wolf,
Did not fear the beasts of woodlands.

Genes for beer
There are strict demands on malt and beer. Not only a good growing season, but also 
good genes are needed to make a barley crop worthy to be transformed into beer.

First a barley variety must be bred for malting, not for feed. This means that it must 
have genes that give fast germination and breakdown of cell walls, i.e. they should have 
little fibers (betaglucans). The amylases should be heat tolerant, (i.e. able to survive 
high temperatures during kilning and mashing,) so that they are able to break down 
the starch. The protein content must be low, but enough to form foam and color and 

Fig. 139. The clarity of beer is 
determined by protein content  
and color in the glumes. The beer 
to the right is hazy and resembles 
wheat beer. Photo: Lars Munck, 
university of Copenhagen. Photo: 

Lars Munck, Københavns universitet.
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feed the yeast. The two proteins that make the foam firm and stable may now be 
selected at the DNA level.136 Too much protein makes the beer hazy, as on the right 
side of figure139. Haze is normal in wheat beer (Weissbier or Hefeweizen) due to the 
red color of the seed, which is minimal in malting barley. Wheat beer is really 80 
percent barley, since the wheat does not have glumes that assist the mashing.

A good brewery will select its malt with great care. For many years the Canadian 
barley variety Harrington was the “gold standard” in malting. Its ancestry traces to the 
swidden agriculture in Finland. Dr. Hannu Ahokas has shown that heat stable amylase 
is frequent in Finnish landraces. Rather than the praise of beer in Kalevala, a possible 
reason may be natural selection in the fields. After the forest had been burnt, ashes 
could make the soil temperature very high. Barley that had to germinate in such a 
condition, may have been selected for heat stable enzymes, which were later useful in 
brewing. In this way the swidden agriculture may have fostered the variants found in 
malting barleys far beyond the country’s borders.

Even hops and yeast need to have their genetics in order. Since the earliest times 
the ale yeast was Saccharomyces cerevisiae (which is Latin for beer), the one also used 
in bread. As is well known, it demands rather comfortable temperatures. Then lager 
yeast (Saccharomyces pastorianus) appeared in the 16th century. It tolerated much colder 
temperatures and later made bottom-fermented beers possible. The origin of this yeast 
species was long a mystery – no cold tolerant yeast was known. Recently it  
was shown to be part of the Columbian exchange. It arose through a cross between 
ale yeast and a cold tolerant wild yeast from Patagonia and then a chromosome  
doubling.137 It is a domesticated species with a number of mutations that makes it highly 
adapted to living in a brewery.

From barley to brandy
As is well known, the process can proceed beyond beer. Among grain brandies the 
best known are whiskey (from barley), bourbon (from maize) and Mao Dai (from 
sorghum). The taste may come from the grain as well as through the storage. The 
whiskey taste derives partly from the malt (where a certain part may be smoked with 
peat moss), and partly from the oak vats used for its storage. Only single malt is pure 
barley whiskey. Presbyterian emigrants from Scotland and Ireland soon found that 
maize could replace barley and that burnt oak vats add the taste. The maize products, 
Kentucky Bourbon and Tennessee Whiskey, became a blooming trade. They were 
made by Protestants who were not to keen to be subdued by prohibitions or to be 
subject to the levies decided upon in Washington D.C.138

In Japan the famous rice wine sake has a special place. It is made from rice varieties 
other than those served at table. The sake-rice is boiled and then fermented, first with 
a mold (kõji) which degrades the starch to sugar and adds taste. Then the sugars are 
eaten by yeast. The finished wine – containing some 15 per cent alcohol – is far more 
than a strong drink. When a Japanese bride and bride groom taste the same sake,  
it corresponds to the Western “Yes” and is promise of fidelity. Then the toast of sake 
is passed to kin and friends.139

o Beer we praise thee and honour 
thy apostolic ways!
Primero: for the glory of thy 
simple and earthy ancestors! As:
Instance: the noble Barley, its hairy 
and patriarchal
Vigor: golden
In the windy lagers of manfarmed 
machine-framed fields;
(…)
Praise for:

Segundo: the lacy and feminine 
elegance of the hops
raising into the sun their herbal 
essence, medicinal,
of the scent of the righttime rain 
fallen on rich earth.
(…)
And we praise also yeast: the 
tireless marine motors
of its enigmatic enzymes, and its 
esters:
(…)
And we praise, last, the secret 
virtue of pure water,
A high lord among the Five 
Elements, gift of the heavens,
Its mineral integrity and the savor 
of secret iron!

Thomas Mc Grath140

Fig. 140. Beer is tapped from the 
vats. Foto: Aass bryggeri.

Fig. 141. Golden malting barley.  
Photo: Carlsberg International.
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from flour to bread
Although waterwheel-driven mills and windmills were formidable, technological  
advances, their heavy loads still required brawn. There was noise, dust, heat, and if the 
stones were not carefully tuned to the force and the amount of grain, an imminent 
danger of fire. In short: they demanded highly skilled millers, and a flour allergy was 
(and is) a common occupational disease for millers as well as bakers.

The flour was not up to (our) standards – especially in the poor years with many 
light grains. Glumes and bran were often only partially crushed. A common test of 
quality was to rub the flour against one’s cheek. If the skin was gently rubbed and bled 
weakly, the flour was good. If bleeding was strong, the quality was poor. Sand and 
small stones broken loose from a quern enable today’s archaeologists to determine 
the age of skeletons – only small children had intact teeth.

The demand for finer pastries and white bread from consumers and bakers chased 
the stone mills into a corner. Various types of sieves – even silken ones – were used 
for sifting and grinding unfinished flour – the middlings, in miller lingo. The work was 
considerable and the product was expensive. In medieval Denmark white bread was 
as rare as imported wine or apples, but it was hardly as luxurious as the rice grain from 
the Danish town, Sorø, dated 1315.141

With the Industrial Revolution milling became a bottle neck that demanded a new 
technology, after centuries of proposals and failures. Indeed, the newly arrived potato, 
not grain production, enabled agriculture to feed the emerging working class. In 1791 
Oliver Evans had built a seven-story, steam-driven mill in Philadelphia. Not only  
did the millstones run on steam, so did the ingenious mechanism that hoisted the 
middlings. Upon reaching the top story, middlings were sieved downwards by means 
of gravity, not human power. Word of the American mill and its “mechanical hands” 
spread across Europe. A steam-driven mill built by James Watt, himself, was torn down 
in England by furious millers, who saw their trade being threatened. 

Fig. 142. The need for new milling 
technologies was felt for centuries. 
The Italian engineer ramelli 
(1531–1610) designed  
an advanced water mill. 

Fig. 143. Mill stone. today, it is 
trendy to bake with stone ground 
flour – partly from nostalgia, partly 
because it is a whole grain product. 
Photo: Thor Sivert Heggedal/
Volda Elektriske Mylne.
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For all its automation, the mill of Oliver Evans did not solve the basic problem: 
Stone querns could not separate flour from bran, a necessary prerequisite for the 
cherished white flour. The invention of the purifier did just that. At first the grains were 
slightly moistened, then dried before being hit by the sharp teeth of French quartz 
stones. The super hard stones were porous and with uneven texture, which did not 
crush the bran, but peeled it off, more or less intact. Subsequently, it was sieved from 
the heavier kernels on a vibrating mesh. 

At the St. Anthony Falls in Minneapolis – the only waterfalls along the whole of 
Mississippi – the first mill was built in 1859, and in 1870, the first purifier was installed. 
After a fortuitous fire in 1878, the miller Cadwallader Washburn took a decisive step 
and built a seven-story roller mill based upon technology imported from Europe. Soon, 
the competitor on the opposite side of the river, Pillsbury, followed suit. Stones were 
replaced by steel rollers with grated surfaces. The grain was crushed and sifted before the 
middlings met ever finer rollers. In the end the grains were separated into bran and fine 
flour without the touch of human hands. White flour was suddenly available and cheap. 

The mechanical roller mill was like a huge mechanical organism. The Mississippi’s 
turbine power was transferred to machinery by means of wheels, bands and straps.  
If a band broke or needed to be replaced, a new one had to be mounted while wheels 
were running. This was the work of daredevils. It was no coincidence that because 
limbs were torn off by the howling mills, Minneapolis soon became the world’s lead-
ing producer of orthopedic hands, arms and legs. In the first roller mills, dangerous 
dust was removed by a special collector, which was assisted by a host of sweepers that 
kept the floors clean. Today’s mills are pneumatic, i.e. they operate by overpressure 
and a continuous monitoring of the mill dust. 

Fig. 144. oliver Evans’ “ 
mill without human hands”.  
Grains are loaded from sack  
(to the right) and flour filled  
in barrels to the left. 
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Fig. 145. American grocery  
store, 1939. Photo: Dorothea Lange/

Library of Congress.

The same revolution was occurring in Europe. Since the grain import was liberalized 
from the mid-1800s, there was a dire need for new technology, and industrialists quickly 
invested in rollers. Indeed, the roller mill marked the advent of mass production. For 
example, in 1884 a roller mill was constructed at the Bjølsen waterfall in the river Akers-
elva in Oslo – close to the first watermill from 1147. While the previous mill produced 
150 sacks per day (at 100 kg each), the new one produced 1750 sacks per day. 

In spite of European investments in the late 1800s, American mills took the lead 
in the grain market – due to the grain quality: hard grains and high protein. Besides, 
the American mills were exclusively wheat mills. The days of rye as the major Nordic 
bread grain were numbered.

From a single grain: 
The emergence of the North American grain empire

North America has dominated the global grain trade for the past 100 years. One would 
assume that this domination would primarily apply to maize, the native grain which 
almost was ready for trade on the arrival of Columbus, and that is correct. The conti-
nent has exported this crop to all other continents, except Antarctica. Until the advent 
of bioethanol the US accounted for 75% of all maize on the world market. Still, maize 
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is primarily traded as a feed grain. The food grain, wheat, dominates the world market. 
This dominance has lasted for the past century, but if we look back two centuries, there 
was little to indicate a North American granary.

As previously mentioned the first immigrants to the US tended to survive on 
maize, not wheat. In fact, on the east coast rye did better than wheat, and the most 
common bread until 1900 was called Third: one third maize, one third rye, one third 
wheat. If the wheat was unavailable, bread was called “rye and injun” (slang for “indian” 
= maize), if they were out of rye also, bread was maize bannocks (Johnny cakes or corn 
dodgers). The future of US wheat indeed looked bleak. This was also the experience 
made by the twenty-two settlers from Scotland, who on August 30th 1812 founded 
Selkirk, the first settlement in Manitoba. It was close to Fort Garry, at the junction of 
the Red River and the Assiniboine River. The settlers immediately sowed the winter 
wheat – the first sown in Canada – but the 1813 crop was dismal. Peas and barley did 
not fare much better, and the settlers survived on their potatoes and swedes (in North 
America known as rutabagas, from their Swedish name rotbaggar). In 1814 the crops 
were not better. In 1815 they looked promising until June, when the pioneers were 
chased off by the native Cree. The next year the Cree took the entire crop. In 1817 it 
was a tornado, and in 1818 the crop was devoured by a swarm of grasshoppers. People 
stared into the sky and wept. In 1819 the grasshoppers returned, and in the spring  
of 1820 the people were out of seed. There was little to indicate that Manitoba had a 
future as a breadbasket and that the continent would become a nourisher of the nations. 
On the contrary: The Great Plains were depicted as the “Great American Desert”.142

An unassuming immigrant – one single seed – would make North American wheat 
the “gold standard”.143 

The farmer, David Fife, of Otonabee, Peterborough County, Ontario, was not  
pleased with his Siberian wheat variety. In 1842 he asked a worker who returned  
home to Scotland, to find something better for him. In the Glasgow harbor the worker 
saw a grain ship from Danzig unloading a fine, red-seeded wheat. He bought what he 
could fit through a tear in the lining of his coat. He packed it in paper and shipped it 
to Mr. Fife. When it arrived in Ontario in May it was sown at once – but this was a 
disaster. It was winter wheat and would not set heads. Only one single spring wheat 
plant stood out with five spikes – evidently from a single grain. It was free from rust, 
so he marked it, however it was nearly harvested prematurely by the family cow, had 
not Mrs. Jane Fife chased the cow when two spikes were left.

The new variety, soon called Red Fife, spread quickly and vastly expanded wheat 
cultivation as far as Idaho and Manitoba. However, it was in Minneapolis where Red  
Fife was to play a major role in an industrial adventure. Initially, its hard grains were a 
problem. Bakers knew that such grains improved the rising of the dough, but since stone 
mills were unable to remove the bran, the bread became grey and the stones wore out 
more quickly. Millers preferred soft wheat and bakers and farmers had to comply.

In came the purifier, and especially the roller mill, for which hardness was no 
longer a problem. By being able to grind endless quantities of Red Fife, suddenly, the 
Minneapolis mills could provide cheap, white flour of supreme quality. This generated 
a huge market demand for wheat from the prairies. The higher protein content than 
available in Europe flour – meaning stronger gluten – gave the flour an additional 
boost in baking. The quality class, Hard Red Spring, became a world-wide standard, 
which the European farmers had a hard time beating. 

Fig. 146. Beautiful warranty of 
good flour from Washburn & 
Crosby in Minneapolis. According 
to this advertisement, their Gold 
Medal Flour reached the most 
remote corners of the Nordic 
countries. Photo: Caroline Schytte Jensen, 

Kokebok for by og land (Kristiania 1910).



164

In the 1870s another hard immigrant followed suit, when hardy German Men-
nonites moved from the Crimea to Kansas and Nebraska – no far move in terms of 
harsh ecology. Each family brought their bushel of wheat. Before leaving Caslov in 
Russia in 1874, the eight year-old Anna Barkman hand-picked 250,000 kernels which 
were taken to Marion, Kansas and harvested in 1875.144 Again hardness was not pop-
ular among millers, but after the variety, now known as Turkey, survived the tough 
winters in 1894–96, it became the founding father of the Hard Red Winter Wheat and 
allowed winter wheat to go west. Together the two made an unbeatable pair that began 
to dominate the world grain trade.

Red Fife went north from Minnesota into Manitoba. Yet it suffered from frequent 
night frosts in late August. Could Red Fife be made a that matured 10 days earlier?  
The Canadian agronomist, Dr. William Saunders, (director of the Experimental  
Farm Service for Canada) tested short-season wheat from the world’s cold regions, 
but none could match Red Fife in quality. In 1892 – a decade before Mendel was 
rediscovered – Saunders realized that he would not find such wheat. He needed to 
make it by crosses. His son, Percy, crossed it with the very early Red Calcutta, and in 
1904 his other son, Charles, found a promising progeny that was maturing a week 
earlier than Fife. However, he had just a few seeds, and to test the baking quality he 
used a technique then known to countless children. Before the advent of chewing 
gum children chewed wheat kernels. Saunders used this method and identified the 
variety, Marquis, which was released in 1909.145 By 1916, when the rust epidemic 
struck (p. 188), Marquis covered 9 million hectares (20 mill acres) from  
southern Nebraska to northern Saskatchewan.

It all began with that single grain, from a shipload from Danzig. Before that it had 
come from the old breadbasket Galicia, in the current western Ukraine, the black earth 
areas north of the Black Sea. Through it Minneapolis became The Mill City, where 
millions of pounds of flour were loaded onto trains to the harbor in Duluth and then 
onto keels throughout the world. 

For farmers, the railway was a welcome buyer. But it was also the tyrant that set 
the prices, in conjunction with speculators in the grain exchanges. The market was in 
the rapidly growing cities of Europe, where it meant the end of centuries of recurrent 
shortages and social unrest. Australia, where wheat had arrived in 1780, must also  
be mentioned. William Farrer (1845–1906) earned his picture on the Australian two- 
dollar bill by breeding wheat, crowning his work with the rust-resistant high yielding 
variety Federation in 1901. The world record for grain ships was held by the “Parma”, 
which in the years 1906–39 carried 4000 tons, three times a year, from “down under” 
to British ports.

One hidden price of the sifted, white flour was only to be paid well into the  
20th century. Because of the roller mills, for the first time, large segments of the pop-
ulation were served refined foods – this coincided with the influx of cheap refined 
sugar. As we will return to below, the removal of the bran and the germ also took away 
important vitamins and led to large-scale deficiencies. Possibly, in terms of lifestyle 
diseases, we still have an unpaid bill here.

Fig. 147. Mark Carleton (1866–
1925), a distinguished agronomist 
from Kansas, understood the 
lesson from Turkey wheat and  
that crops from the russian 
steppes could do well on the uS 
Great Plains. Thus, he established 
durum wheat as a crop in North 
America.145 He also did pioneering 
work on stem rust.

Fig. 148. Canadian stamp in 
honor of the Marquis wheat.
Photo: CanStock.
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the hard way to good bread
A good loaf has a history where climate, genes, farmer, miller and baker have their 
part. We understand this when we take a closer look at what happens in dough.  
If white wheat flour is mixed with water, proteins will form gluten, which makes the 
dough both elastic (able to contract after stretching) and viscous (ductile). We may 
see this through a simple kitchen experiment: Mix some flour with water till it forms 
a firm dough. (If the flour has less than 12 per cent protein, add some salt.) Work the 
dough gently under running tap water and collect the water in a glass. The starch 
granules are washed out and fall to the bottom. You are left with a yellowish chewing 
gum-like ball of which gluten – a mesh of the proteins in the flour – is 80 percent.

In each grain they are deposited in “protein bodies” enmeshed into a network. 
When we mix water and flour and then knead it, this network becomes gigantic. 
Nobody has managed to make a model of gluten in dough – they are the largest  
proteins known. A special group is called high molecular weight glutenins. They have 
a spiral structure, are elastic, and through sulphur-containing amino acids they can 
build bridges to other molecules. When we knead the dough, the glutenins hook on 
to each other. We may imagine a steel mesh in three dimensions. The spirals make the 
gluten-mesh elastic, interacting with globular gliadins. 

The starch granules absorb water and make this mesh sticky and dense. In a well- 
mixed dough starch and gluten are one contiguous mass with a smooth surface that 
traps the carbon dioxide that is developed by the yeast. The dough rises. If it is allowed 
to do this for too long, the balloon may burst and the bread be flat.

It is protein in the endosperm that makes gluten – the more of it, the better. If we 
want bread to be as porous as possible and to rise well, we need to remove interfering 
bran. To make “strong” gluten, the flour must have high protein content. Unfortunately, 
its food value declines when it becomes “stronger”. Only in oats does more protein 
mean better protein, but, unfortunately, they are entirely unable to make gluten.

High protein content is most easily achieved if the yield is low – we rarely get both 
high protein and high yield. Back to the Midwest: Although the virgin prairie soil was 
rich in nitrogen, drought was frequent and yields not very high – around 2–3 tons/
hectare. In recompense the protein percentage might be 15 or more. The old and worn 
soils in Europe could not give this much. To reach the 12 percent currently demanded 
by milling industry, a fair amount of fertilizer is needed. Organic grain will not often 
reach this level and baking methods must be adjusted.

But strong gluten is not enough for good bread. We must look into the interaction 
between starch and protein during baking. In wheat varieties with hard grains, the 
starch granules are tightly attached to the protein matrix and resist the grinding. 
Hence, they get crushed. In soft varieties they escape the protein more or less  
unscathed like soaps. (It is easy to feel the difference between the two kinds of  
wheat by rubbing common hard flour and soft (like spelt) between fingertips. The 
hard is coarser, reminiscent of the difference between common and powdered sugar.) 

This makes a difference during leavening and baking. Since crushed starch granules 
have a larger surface, they may absorb more water. When the temperature reaches 
60–70º C during baking, proteins coagulate and release much bound up water. But 
also at this temperature, starch bursts and absorbs it (is gelatinized). Here also hard 
grains absorb more water and more quickly. The result is that the airiness of the  

Fig. 149. Joh. Berckheyde Sr.  
The baker (1681). When the baker 
had finished his baking, the baker’s 
horn would sound in the street.  
A German children’s rhyme reads, 
Backe, backe Kuchen, der Bäcker hat 
gerufen! (Come and bake your 
cakes now, the baker’s just been 
calling!). This announced to 
housewives that the oven was hot 
and they could bring their dough 
and have it baked. This baker offers 
pretzels, rolls and large country 
breads. Photo: Museum der Brotkultur, ulm

About 100 years ago the English 
chemist, osborne, divided grain 
proteins into four classes,  
depen ding on how they could  
be released from the grains.  
Those that were soluble in water, 
he called albumins,in salt water, 
globulins, in alcohol, gliadins, in 
dilute acid or alkali, glutelins.  
The two latter groups make up  
the bulk of the gluten..
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leavened dough is preserved. Soft wheat tends to give more compact loaves and also 
a drier “mouthfeel”. SNP mutations from soft to hard have occurred several times since 
bread wheat arose in the Stone Age and were picked up by perceptive bakers. 

The next step in this catalog of quality demands is when the starch may be 
destroyed through preharvest sprouting. During humid autumns mature grains may  
wake up on the spike instead of resting dormant. Though rarely visible, it is enough 
to make starch less sticky. The loaves then may collapse during baking and, at the worst,  
produce a layer of raw dough above the bottom crust. Such damage was common in 
the old days, however, today such grains do not find their way into flour. Besides, many 
varieties are equipped with genes that make them dormant, in spite of being soaked 
for a week or two.

The white waves of hard wheat flour made life hard for European millers and farm-
ers. It must be remembered that quality had not been an issue before – only yield 
mattered. The French were fortunate, since the hard blè d’Aquitaine (come from the 
Ukraine around 1850) was widely grown in the south. North European winter wheat, 
however, was soft, and millers desperately wanted it hard. They had to resort to  
plant breeders, who needed their time. In the UK the variety Yeoman was bred by 
Rowland Biffen in the Plant Breeding Institute in Cambridge in 1916, from a cross 
with Red Fife. Similar developments took place in Germany and Sweden. Many old 
wheat varieties made good bread, but could not beat the more productive but soft 
English Squarehead. Well before 1900 Wilhelm Rimpau crossed it with a hard Amer-
ican and developed Rimpaus früher Bastard, which made up most of German wheat 
bread till 1940. A shining, but unassuming name in Nordic baking history was the 
breeder Sven-Otto Berg (1883–1946). Son of a small farmer and without formal 
academic training, he crossed Swedish with Hungarian hard wheat and released the 
very winter hardy hard wheat Eroica in 1943. This at last enabled an effective compe-
tition with the flour from abroad.

For the past 20 years it has been possible to relax the demands for high protein by 
breeding wheat for specific baking-friendly high molecular weight glutenins. By sup-
plying some nitrogen fertilizer during grain filling, plants make good use of it and give 
us protein back. This also is environmentally sound, since less is left in the soil to leak 
into waterways. Still, strict restriction on fertilizer use is a competitive disadvantage 
in some of the most productive agricultural soils.

Advances in baking technology
The pressure to supply fresh baked, early morning bread to supermarket chains de-
mands a highly scaled-up and automated technology. From the late 1800s a number 
of new machines helped the heavy mixing and kneading. A modern bakery is a high-
ly automated operation, often based on flour mixes ready-made by the miller. The 
Roman oven was heated by burning firewood inside the oven. Once the oven was hot, 
the ashes were swept out. The steam oven was invented in England in 1839 – a revo-
lution, because the coal-fired heater was outside the oven itself. Both hygienic and 
simple, it caught on quickly. Since the 1930s steam has been replaced by circulating 
hot air at an even temperature. Today the loaves to be are stacked in several tiers and 
move on conveyor belts through compartments for leavening, raising and baking, and 
then on to cooling and packing.

Fig. 151. Starch granules in wheat, 
isolated from the endosperm. A is 
from hard wheat, where smaller 
protein bodies adhere to the starch 
granules and bind them to each 
other. B is from soft wheat, where 
the starch granules are free. The 
same mutation enables us to make 
pasta from durum wheat. Foto: 

Michael Giroux, Montana university.

Fig. 150. By DNA-staining the 
wheat chromosomes, we may mark 
the glutenin genes and visualize 
them. The fluorescent spots on 6 
of the 42 chromosomes are the 
genes so important for baking. 
Photo: Eva Wegel, John Innes Centre, Norwich.

(It may be a bit confusing that 
durum (wheat) is Latin for “hard” 
(like in French, blè dur), which 
also makes good pasta. However, 
goat grass is soft, and for this 
reason bread wheat was originally 
soft (as in French, blè tendre). 
Through breeding nearly all bread 
wheat that is used for baking today 
has become hard, again.)
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A new trend – unfortunately – is frozen dough or half-baked breads that are sold 
as “fresh” in gas stations or “in store bakeries”. Often they are disguised as “country 
bread” and the like.

In Roman times bakers and millers were next door to one another, which made 
sense because of the transportation capacity at the time. Today, baking and milling 
corporations merge again. 

The French bread: a double class journey147

There is also the opposite trend away from mass production. For bread to be tasty, the 
dough needs time. Techniques like sourdough, through-the-night leavening, bakers’ 
own flour mixtures and small machines awaken the old craft.

It is no coincidence that this trend started in France. Hardly anywhere else  
has bread had such an historical significance. Before its Revolution, the French  
would eat one kg of bread a day. One of the main police activities was to monitor 
millers and bakers. Both had the reputation of being antisocial and greedy. Jokes tell 
us a lot. Here is one about a miller: The vicar in the village of Cucugnan received 
confessions from Mondays through Fridays. Saturdays were reserved for what the 
miller had on his conscience. 

Fig. 152. Eugène Chaperon 
(1857–1938). The military bakery 
(1888). There was significant 
military research about baking for 
the army and the navy. 
Photo: Museum der Brotkultur, ulm.
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Fig. 153. The Laumont family 
having their supper. 
Photo: Kerstin Bernhard, Nordiska museet.
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Bread sustained life and hence was the key political issue. “Next to bread, educa-
tion is the first of the people needs”, wrote Danton, but still the bread of equality – pain 
d’egalitè – made small change. After 1900 cheap baguettes became the symbols of 
affluence for all, yet during WWII dark and heavy country bread was forced to pass 
French palates. No wonder affordable good bread got a high priority. Bakers had to 
modernize. The sourdough was long since replaced by the faster yeast, the many hours 
of leavening (pointâge) by strong mechanical kneading. The baguette became “precious 
air” which reached its rigor mortis in three hours. Although le gagne-pain (earning one’s 
bread) was long since replaced by le gagne-bifteck (earning one’s steak), it was with 
grave doubts that the public price control of bread – i.e. dubious bakers – was lifted 
in 1988.

Bread was increasingly felt to stain French honor. but how could the good  
and tasty sourdough bread revive with 35 hour working weeks and no night labor?  
The bakery, Poilâne, in Rue du Cherche-Midi opened in 1932, was long alone in what 
became a wave. Their two kilo country bread is now haute cuisine. The sourdough – 
uninterrupted since 1932 – is the basis. With stone ground flour, no additives, a gentle 
kneading for ten minutes, a healthy number of hours to rise and gain taste, the bread 
is shaped by hand and baked in oak-wood ovens. 

The baguette, once the mark of aristocracy, is now a food for all, while the once- 
despised country loaf is served in the most exquisite restaurants. And the price? Bread 
from Poilâne is sent fresh and air-born to thousands of picky customers. Artisan  
bakeries have not only revived in France, but spread to many countries (in Italy and 
Poland they have always competed well with industrial bakeries). Emmer, spelt and 
rye are baked in the ovens, with a plethora of imitations in the supermarkets. 

The confectionery: The bakery’s noble niece148

Cakes have existed as long as bread. In Genesis we learn that Abraham’s wife, Sara, 
baked cakes. The court of Pharaoh knew a great diversity of sweet pastries. In classical 
Rome the pistores dulciari – the bakers of treats – established a separate craft, and in 
turn, specialized into different kinds of cakes. The lasting challenge was to make them 
sweet. Honey was most commonly used. Dried figs, raisins, almonds, nuts and the 
finest flour enabled a great diversity of cakes. Not unexpectedly the gods also claimed 
their share, and sacrificial cakes were made early on, in the Nordic countries as well. 
Indeed, a good cake man could be used as a substitute for a human sacrifice. Common 
Christmas cakes replaced the rams offered to Thor or Frøy, and were later sup-
plemented by angels and Bethlehem stars. Monasteries maintained Roman cake  
traditions after the empire had fallen.

 Then, around 1000 AD, cane sugar came to Europe through returning crusaders. 
(Sugar cane originates in Southeast Asia, while the native European sugar beet was 
not domesticated until after the Napoleonic wars.) Venice acquired a sugar import 
monopoly and established cane plantations in the Middle East. Apothecaries had an 
exclusive license to sell sugar, which they soon extended to cakes and confectionery. 
They also allowed women to enter the premises – unique, since women were denied 
access to common taverns.

 Sugar plantations in the Caribbean made sugar easily accessible. Nobility  
and bourgeoisie had an insatiable need for cakes, and in the 16th century the craft of 

Fig. 154. Advertisement for the 
Pillsbury flour from Minneapolis. 
Due to its high protein content 
and hard grains the loaf will rise 
without needing lengthy 
kneading.

Fig. 155. The 2 kg country bread 
from Poilâne are shipped by air  
all over the world.  Photo: Poilâne.

Pain d’egalitè: Three quarters 
wheat, one quarter rye
Pain blanc: Fine sifted wheat
Pain grossier: unsifted whole wheat
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confectionery was resurrected. As a fresh baked graduate, the confectioner had to 
travel abroad, which removed him as a young and aspiring competitor. But this also 
led to a lively exchange of recipes and techniques. The (for Danes) most Danish of all 
pastries, the pain viennoise, may illustrate this. Although the court baker supposedly 
gave birth to it in Copenhagen in 1840, the idea was indeed viennoise. (In fact, Auguste 
Zang opened the first Boulangerie Viennoise in Paris in 1839, although his pain viennoise 
was quite different). Of course, the Dane did not disclose this, and even in Vienna the 
name for the pastry was Kopenhagener. They got the current name when the legendary 
“Læsø baker” Laurits C. Klitteng, closed the circle and served them at the court in 
Vienna in 1906. The year before, in Karlstad, his pastry sweetened the sour independ-
ence negotiations between Norway and Sweden. A war was avoided.

Another famous cake with a semi-military background is the croissant. Its half-
moon shape is said to commemorate the victory over the Ottoman after the siege of 
Vienna in 1683, but unfortunately it is not true: Pane lunense were well appreciated 
by the Romans. A true cake from the same battle is the bagel, which commemorates 
the buckles of the cavalry that saved the city.

Many cakes were baked for church festivals. The German bakers in Bergen left  
a great legacy in this regard: Christmas cakes, cream bunnies for the feast before 
 Lent, Easter cakes, cakes for baptism and weddings. Things might become excessive, 
as witnessed by a royal edict from 1683 stating that pyramids of sugar bakeries should 
not be a dish served in weddings.

What then distinguishes the baker from the confectioner? One criterion is that 
the latter does not use yeast. At a deeper level we may lend ear to the greatest confec-
tioner of all times, the French Marie Antoine Carême: The fine arts are five in number: 
The arts of Painting, of Sculpturing, of Poetry, of Music, and of Architecture, wherein the 
most important side branch is the art of Confectionery. 

The grand era of the confectionery was in the late 1800s and until 1960. The exit 
of women from their homes and entry of televisions into them were catastrophic  
for the confectioneries. In Sweden the number of confectionaries fell from 5000 to  
1300 in few years. In Stockholm a desperate confectioner established the Nude Con-
fectionery based on the business idea which combined the use of beautiful cakes  
and nude women, but the place was soon closed. One of the few people who has  
intellectually reflected on this decline is the Norwegian “cake person” Tom Johansen. 
In his humble book on the Cultural history of cakes he regards the demise of the  
confectionery as a cultural loss:

[The confectionery] shall be a sanctuary where both soul and body may find 
rest… The building itself should be old, may be in Jugend style…it should be 
situated above street level, making it necessary to ascend some steps, with brass 
or cast iron railings…Inside the door of the confectionery one should first 
enter the sales shop. This provides reassurance and fragrance. An atmosphere 
of silence should prevail in the premises. Of course a portrait of the royal fam-
ily must have a prominent position and the cake counter be at the centre. …
There should be no free newspapers available, since the reading of papers make 
the guests eat their cake “left-handedly”. The newspaper belongs in the com-
mon brown cafes. In the confectionery time should stand still, detached from 
the world somewhere outside.

Fig. 156. The basic difference 
between baker and confectioner is 
that the latter does not use yeast. 
Photo: Shutterstock

Sugar beets were developed  
from the wild beach plant Beta 
maritima, which has 6 percent 
sucrose in the root. Louis de 
Vilmorin (1816–1860) increased 
sugar content to 16–17 percent by 
two clever tricks. First, he invented 
an accurate method to measure the 
sugar content. Next, by measuring 
the sugar of offspring, he selected 
plants that “were good stallions”, 
i.e. had “good sugar” genes.  
He then intercrossed those and 
pursued this for some generations.
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Cellulose and other fibers
We have used the terms “fibers” and “bran” many times, but what are they really?  
We need to return to the glucose molecule and look at it –literally – from a new angle. 
As mentioned, we get cellulose if every second glucose molecule is inverted, in a  
β,1-4-bond.The resulting cellulose molecule will be a flat sheet with up to 14,000 
sugar units. In the three dimensions of the cell wall they will be packed in layers  
to thick fibers linked by lignin into a scaffold. For this reason it is almost insoluble  
in water, thus, its role as construction material and as a deterrent to fungi and plant 
eaters, since cellulose is indigestible. one of the major challenges in current biofuel 
research is to find how to release it as an energy source. While amylose is easily  
released when used as fuel for body or vehicle, cellulose is not. However, if at sometime 
it is used for fuel, cellulose will not compete with food.

In oats and barley cellulose is, in part, replaced by betaglucans, where the carbon 
atom no. 1 sometimes links with nr. 3, in a β,1-3-bond. This creates kinks in the fibers, 
which allow easier access for water. Hence, the betaglucans are more water soluble. 
They are beneficial as fibers in our gut, where they to some extent are digested. In oats 
we mainly find such fiber in the outer parts of the seed. In barley they are throughout. 
Wheat, rye and maize have other types of “extra” fibers (arabinoxylans, also called 
hemicelluloses).

A ban on bran? From Parmentier to Graham and Kneipp
Hardly anybody has praised bread more than the great pioneer in French nutrition, 
Antoine-Augustin Parmentier (1737–1813):

Bread is a generous gift of Nature, a food that can be replaced by no other. 
When we are sick, our appetite for bread deserts us last of all; and the moment 
we recover the appetite we have shown a symptom of recovery. Bread is suit-
able to every time of the day, every age of life, and every temperament. It im-
proves other foods, it is father of good and bad digestion. Eaten with meat or 
other foods, it loses none of its delight. It is so perfectly adapted to men that 
we turn our hearts to it almost as soon as we are born and never tire of it to the 
hour of our death.149

Parmentier then was a heartfelt advocate of bread, yet he prosecuted bran with the 
same fervor. This is easily understood if we consider the miserable quality of the 
French country bread in the 1700s. A strong and healthy people need nourishing food, 
and his number one target was the useless or outright unhealthy bran that stuffed the 
common man’s bread. Bread should be made from pure and nourishing sifted flour.

A half a century later, however, the Presbyterian minister, SylvesterGraham (1794–
1851), pleaded the cause of whole grain bread in his book, Treatise on Bread and 
Bread-Making (Boston 1837). This was in sharp contrast to the prevailing white bread, 
if need be bleached with chlorine or alum. In the UK the doctor, Thomas Allinson 
(1858–1918), waged a similar war. Both still have well-known, whole grain breads 
named after them. 

So does the third prophet of bran, Johann Sebastian Kneipp, a Catholic priest.  
As a poor student in Münich he contracted tuberculosis and was advised to return 
home to die. He overcame his condition with fast walks and bathing in the winter cold 

Company: original meaning is 
those you share bread with.

To come in bread: A woman that 
gets married.

To keep in one’s bread: to be 
responsible for, in a family or as an 
employer. 

To share bread with: In the Bible 
(and in the Middle East) it means 
friendship (to share table, eat 
with). to deny bread means 
hostility.

Take the bread from someone’s 
mouth: Envy, greed.



175

Danube. This regimen aroused his interest in natural ways of healing, which he further 
pursued as a priest in his parish village, Wörishofen. His treatise My Water Cure was 
printed in many languages. To help his thousands of patients, he developed indoor 
facilities near the town’s glacial brooks. Kneipp held that nature – the body – would heal 
itself given right living. The basis of health was sound, nourishing food, especially sound 
bread. His experiments convinced him that bread with bran – the despised country 
bread – best fulfilled this need. He steeped whole grain flour, without salt, in hot water 
and let it leaven overnight at an agreeable temperature. Then he baked the sourdough 
loaves for half a minute in a very hot oven, in order to form a sealing crust, before dipping 
it in boiling water for 3–4 seconds and finally baking it in a normal oven.

The most common bread in Norway is called the Kneipp. Thanks to his influence, 
Norwegians eat more whole grain bread Danes, Swedes and Finns who get most of 
their whole grain from rye. Still none reach the recommended levels[108].

These three pioneers were more right than they could know. When the roller mill 
made “daily bread” white, it initiated a vast health experiment. As main staple, the 
white flour was deprived of important nutrients, except for starch and less valuable 
proteins. Vitamin A disappeared with the germ or was bleached since it gave bread an 
unwelcome yellow hue. Valuable proteins in the aleurone cells were ripped off. At the 
same time, nutrient deficiencies appeared, at first little understood. A lack of thiamine 
(vitamin B1) induced beriberi, which was epidemic in Asia after grain polishing 
became common practice in the mid 1800s. Pellagra, the previously well-known poor 
folks’ disease, was due to the lack of niacin (vitamin B3). The fact that a modern 
progressive diet could promote epidemics shocked the health professions. Also gone 
with the germ and the bran was folic acid, which was added to the list of missing in 
the 1970s (although from the yeast rather than the flour) and more recently the fibers. 
Instead, the flour was “enriched”, under loud protests from health freaks and occasional 
whole grain dreamers in the campuses.

White is best – or?
Sifted flour makes bread white and airy. Both white bread and white rice were seen as 
high-class foods. The old expression, to have pure flour in the bag – meaning not to 
cheat – relates to this. Dishonest millers made flour white by adding chalk or alum, 
which disguised the grayness and increased the price. Is this mere past?

Hardly. Quality demands do not compromise, and they may be both social and 
technical. Despite all the natural color variations in rice, high quality means white and 
polished, and unpolished paddy signifies poverty. But middle class tastes are changing.

With wheat color is more complex. Whiteness is paramount in noodles. Not only 
the bran, but also the yellow vitamin A must be eliminated. Usually, wheat can be 
bleached by adding ascorbic acid (vitamin C), however, Chinese researchers have 
recently identified SNP-mutations that allow selection for real white flour. They have 
also identified mutations that prevent the noodles from turning gray (due to oxidation 
that occurs in every dough).151

In pasta, however, yellowness is a must. This is strongly emphasized by the selec-
tion of durum wheat varieties. French country bread used to be yellow. To make it 
“authentic” again, the bakery chain, Paul, produced yellow flour from the old variety 
Camp Remy. Now, all real pain de campagne needs to be yellow. Older wheats may also 
have tastes that are lost in modern bread or pasta.152

Fig. 157. Johann Sebastian Kneipp 
(1821–1897).



176

In Mexico and Central America only white maize is “food” – yellow is for swine. 
White also appeals to Africa, where tastes changed dramatically through the past 
hundred years, an odd result of apartheid. In the early 1900s when South African 
farmers wanted to export maize to England, they were told it had to be white, like  
the American corn (which turned yellow soon after, when it was discovered that the 
vitamin A was good for hogs).

Farmers in South Africa and Rhodesia quickly converted all maize to white, also 
in the domestic market. It had an image as modern and urban, a notion which spread 
through most of Africa. The many-colored maize grown before this time, survived as 
a back garden vegetable, although deficiencies like pellagra and kwashiorkor 
increased.153 Although nutritionally superior, yellow maize is still considered inferior, 
and if it turns up in an African market place, it is usually diverted US aid. 

Whole grains – for a whole heart
Early in the 1980s an elderly lady went to see a doctor for her digestion problems. This 
was in a part of Norwegian countryside where social class differences had been  
particularly sharp. He prescribed her medicine and added a modern statement: “And 
then you should have oatmeal every day!” She looked at him with some shock and 
said: “Please, Mr. Doctor, don’t you have some other advice? I had oatmeal twice a 
day until I was 20, and since then I haven’t been able to get it down!” Oatmeal signified 
poverty and a mean, monotonous diet.

She was not alone in feeling this way. For centuries the farra, porridge from 
crushed emmer, was a food of lowly status in Italy. The nobler wheat was milled into 
fine flour and baked into white bread. In France the history of bread also underlines 
this. In Syria it is a deep insult to serve barley soup to your guests. Barley is for sheep!

Today, oats have been officially recognized as health-promoting. The first country 
to do this was the United States, where in 1997 the very strict Food and Drug Admin-
istration approved advertising for oat products that contained fibers and bran which 
would be “reducing the risk of coronary heart disease.”154 Contrary to most health and 
lifestyle fads, this claim has strengthened over the years, and a similar claim for barley 
has followed suit. In fact, we should exceed the aforementioned lady and consume 
oats or barley three times a day! That need not all be porridge, but mixed in bread, 
sauces, soups or biscuits. Still, it appears an overambitious and unrealistic endeavor. 
What are then the facts that justify such a claim?

A large body of research has shown that whole grain products are good for the 
body. However, it is not possible to distinguish species of grain or the kinds of fiber 
consumed by tens of thousands of people at a public health scale. What is feasible, is 
to record the frequency of eating whole grain products, i.e. dishes that contain all parts 
of the grain. The results in different countries are strikingly consistent. Of 21,930 Finn-
ish smokers, 20 percent ate rye bread “often” (more than five times a week) and had  
25 percent less coronary disease than those that rarely ate rye bread. Of 33,845  
Norwegians studied, the risk reduction was 23 percent, irrespective of grain species 
or smoking. Even among “super healthy” Seventh Day Adventists in the US, the “whole 
grain effect” was 44 percent. The American epidemiologist, David Jacobs,155, 156 at the 
University of Minnesota estimates that a risk reduction of 20–40 percent is reasonable 
expectation for those who eat whole grain “often”. Beneficial effects also include less 
obesity, less and better cholesterol, lower blood pressure, better digestion and less 

Even racing hoses are picky when 
it comes to color: The French 
demand black oats, the German 
yellow, while in the uS only white 
oats are acceptable.
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diabetes II. Many of these public health studies have been confirmed in small-scale 
clinical trials.

So what causes this improvement? Fibers, and especially betaglucans, have several 
effects. A porridge of oats or barley has a great volume in relation to the energy, so 
that the stomach “fills up” and this gives one a longer sense of satiety. Also, the gut 
contents glide better, become more viscous.

These fibers also trap bile acid, which then must be re-secreted into the gut. It is 
then not available for the synthesis of cholesterol (especially the most harmful LDL-
type). In the long term, this reduces the risk of coronary heart disease. Fibers also 
bind estrogens, with a possible positive effect on breast cancer. Less positive, however, 
is that minerals, such as iron, are made less available.

Fiber also makes starch less accessible for digestion. Sugars are released more slowly, 
which lowers the blood sugar peak after a meal. This is measured as a lower glycemic 
index, which means a slower release of insulin. The effect may last up to 24 hours, and 
in the long run it may explain the observed effects on diabetes. For every gram of 
barley fiber in bread, the glycemic index falls by 5 percent. It is possible to challenge 
consumer habits. In Italy pasta made with 15 percent barley is a success and accepted 
as healthy, although it is not al dente. With flour from varieties that lack the usual red 
seed color, whole grain bread is (almost) white, with a milder taste. Such varieties have 
an increased risk of sprouting and are grown in areas with dry autumns. Will the dom-
inant white bread filled with empty calories become a 20th century oddity?

Just as food is more than its individual nutrients, whole grain is more than chew-
ing grain fibers. An experiment compared the effect of eating the same amount of 
fibers as whole grain (wheat with 12 percent fibers) or as fine flour (wheat with less 
than 2 percent). The whole grain was far better. Wheat fibers have not obtained the 

Fig. 158. The blonde Elovena has 
flourished on Finnish oat flake 
packages since 1925 and was 
recently Co2-certified. 
Photo: raisio Group, Finland.
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same “health warranty” as those in oats and barley, but there is an ample scope for an 
improvement of the fiber content through breeding of varieties.157 Similar effects have 
not been detected in the fibers in fruits and vegetables. The levels of antioxidants in 
grains and bread are often undervalued. In fact, even white bread contains as many 
antioxidants as fruits and vegetables, and whole grain is not far behind antioxidant 
“bombs” like blueberries. Because of its role in the diet, bread is probably the most 
important source of antioxidants.

Oats are rich in vitamin E, such as tocopherols and the special avenathrimides158 
(from Avena, the Latin name of oats). Vitamin E is known to prevent inflammation in 
blood vessels – the early stage of coronary heart disease. Later accompanied by divi-
sions in the muscle cells in the walls of the blood vessels and so-called atherosclerosis. 
They work in the same way as statin heart drugs and inhibit the “start signal” at the 
gene level. Vitamin E from oats also counteract inflammations in skin cells. This may 
shed light on old health claims such as using “oatmeal soap” or cold porridge to heal 
wounds or to relieve insect stings or sun burn. Today oats are used in many cosmetic 
products.

Are grains always wholesome?
The marked decline in health that occurred when agriculture gave us grains for our 
daily food, is sometimes seen as effect and cause. Human beings (it is said) are not 
adapted to be “canaries eating grass seeds”. Grains are even blamed for causing many 
diseases that plague us today, from coronary heart diseases via diabetes to obesity.  
A “Stone Age” diet, poor in carbohydrates (“low-carbo”) but rich in fat and protein, is 
the suggested remedy. In fact, do not the beneficial effects of whole grains, which are 
less easily digested, point the way to less grains? Apart from the obvious objection that 
such a no-grain proposal comes 10,000 years too late, and since our current food sup-
ply depends completely on grains, they are worth taking seriously. Are grains, in the 
words of the American physiologist Loren Cordain, humanity’s double-edged sword?159 

Many important diseases in history were and are linked to one-sided diets. The 
flour allergy (“baker’s asthma”) has been recorded since Roman times and is still one 
of the most significant occupational allergies. Various vitamin or mineral deficiencies 
have been a heavy “levy” for ages. We need at least 50 big and small nutrients to be 
well nourished. What is the most limiting will be the bottle-neck making us unable to 
utilize the rest in an optimal way. In previous times people often had shorter stature 
than us, and this corresponds with what is known about countries or social groups 
with one-sided grain diets, today. There were probable deficiencies of the essential 
vitamins A-, B- and E-, of fatty acids, amino acids, and minerals such as calcium, iron 
and zinc. These are the causes of “silent hunger” in many countries today. 

These deficiencies may be enhanced through the high content of phytic acid in 
grains – a sugar molecule with a phosphate group in each “corner” that binds impor-
tant nutrients like calcium, iron and zinc. Phytic acid is mostly found in the aleurone 
cells and is degraded during germination by the enzyme phytase. The problem is that 
monogastric animals – people, pigs, chickens etc. –have no phytase. Eighty-five percent 
of the phytic acid passes out of the body undigested and takes with it scarce elements 
such as iron and zinc and aggravates an already present deficiency. Ironically, in white 
bread most phytic acid has been removed with the aleurone, but with it the valuable 
elements. As a whole, whole grains are better. An old fashioned but effective way of 

Fig. 159. The Kneipp bread,  
here in a bakery anno 1976, is  
still Norway’s most popular bread.  
Photo: Per Svensson, Scanpix.

BrEAD HINtS 
for girls who want to get married

If a girl wishes to know whom to 
marry, she has to find one whole 
rye grain in the loaf and put it on 
the doorstep. Whoever comes is 
the right one!

to know which girl will marry 
first, each girl should make a small 
ball of dough, put it in a circle with 
the others and allow a goose to 
choose. She whose ball is chosen 
first, will marry first.

If a girl wants to have firm tits, she 
should eat bread ends.

If a girl is economical and puts the 
cheese on the smaller side of the 
sandwich, she’ll end up marrying a 
widower.
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removing phytic acid in whole grain bread is through the use of sourdough. Whole 
grain rye is most effective. If leavened overnight most phytic acid becomes available 
as sugars and zinc and iron released. Oats have least phytase, and the disease rachitis 
was a calcium deficiency caused by phytic acid. For this reason osteoporosis was 
common in English working class children relying too much on oats. In animal feeds 
phytase is added to make it better digested.

In recent years the element selenium has received attention. It is an element that 
mammals must have, and its deficiency has been linked to conditions such as prostate 
cancer. Grains are our main source of selenium, but they contain it in varying degrees. 
Plants do not require selenium, but they seem to take it up according to availability 
in the soil. Europe is a “selenium desert.” European grains have only 10 percent of the 
selenium content of the US grains. For many years Finland has enriched its flour with 
selenium.

Other elements are also under scrutiny. In countries like Bangladesh, China and 
Vietnam, arsenium in the ground water is a menace to public health. So is cadmium, 
which is toxic to plants and people and occurs naturally in some soils, or as a pollutant 
from sewage or low-grade phosphorus fertilizers. In China vast areas are contaminated, 
but there are varieties of rice that do not absorb it. Also, in the Nordic countries, there 
are soils with alarming levels of cadmium. Genes that strongly reduce the uptake exist 
in both wheat and oats.

Another damage to grains are molds that cause mycotoxins. There are numerous 
molds and so are the possible effects – from reduced nutrient uptake and impaired 
immune systems to disturbances in sex hormones. As mentioned earlier, the affluent 
used to make wheat their choice of grain because of rye’s association to ergot. As late 
as in 1951 a town in southern France was haunted by a shock-like “epidemic”.160 Three 
hundred people were taken to hospital. Some thirty had terrible hallucinations and five 
died due to “bread that made them mad”. The doctors were bewildered by the unfamil-
iar, violent and convulsive symptoms. It took eleven days before the diagnosis became 
clear. They had been visited by ergotism, a foe from a forgotten past. Today ergot does 
not occur, but may be seen in rye fields if pollination has been poor.

The past 20 years other kinds of mycotoxins have emerged as a serious concern. 
Species of the genus Fusarium may infect grains in moist and warm weather and tox-
ins remain in the grain and follow into food. If the toxins exceed strict limits, the grains 
cannot be used for feed or food or beer. North America had serious epidemics in the 
1990s which caused more bankruptcy for farmers than at any time since the Great 
Depression in the 1930s. In northern Europe more and more toxins have been found 
since 2000, at the same time as official limits are becoming stricter (p. 235).

Ironically, a major reason is sustainable agriculture. To avoid soil erosion the land 
is tilled less, which leaves dead debris on the surface. This is a source of the next year’s 
infection. With a moister climate and the short straw varieties so important during the 
Green Revolution, these components make for a noxious cocktail. There is intensive 
breeding going on to adapt the grain species to the new growing environments.

One reason to always cook or bake grains is to destroy the proteins that inhibit diges-
tion. They occur naturally to deter mice or others from eat them. Unfortunately, those 
proteins may be quite tolerant to heat and thus affect the immune system. But can the 
current health problems – obesity, coronary disease and diabetes – be related to grains?

The celiac disease – the “gluten allergy” (strictly speaking an intolerance) – is an 
autoimmune condition in the upper small intestine – well known, but less understood. 

The Norwegian writer A. o.  
Vinje, whose praise of oatmeal  
we quoted earlier, made these 
reflections after a journey to 
England in 1866. He was quite 
unimpressed by wheat bread  
(very probably the English bread 
was from soft wheat, the American 
from hard, but Vinje never went 
 to America, so his opinion may  
be unfair):

[W]heat is dry, if not accompanied 
by some good gravy. When our 
emigrants arrive in the harbour of 
some American city and send 
someone in to buy food, they get huge 
long wheat loaves for a few pennies, 
and they cry out: “Oh what land of 
abundance!” But when they’ve been 
chewing this dry stuff for a few days, 
they tire from it and get it neither in 
nor out. They then wish themselves 
back to the rye- and oaten loaf that 
cleanses and smoothes both mouth 
and bowel.

From Do we live that poorly in this 
country?  Published in Vinje’s 
newspaper  Dølen 27. mai 1866.

Phytase can also be added through 
genetic engineering. A maize for 
animal feed expressing a foreign 
phytase gene was accepted by 
Chinese authorities in 2009.

Fig. 160. traditional  
ukrainian bread.  
Photo: Shutterstock
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The body may be intolerant to certain residues when the gliadins in the gluten are 
degraded. Certain combinations of 9–12 amino acids that occur in wheat, rye and 
barley trigger this response. Once sensitized it may release a diarrhea and chronic 
inflammations that last the whole life. In addition, such patients are more prone 
to diabetes, arthritis, schizophrenia and dementia. Those who are intolerant must 
eat other grains, such as oats and maize. There are variants of e.g. einkorn that 
appear less allergenic, and there is work going on to reduce the levels of triggers.161

The conditions have been recorded since antiquity, but were not associated 
with grains until a Dutch doctor pointed to the decline in the disease during 
WWII.162 This is surprisingly recent. How could it take almost 10,000 years before 
someone found the reason for such a serious and frequent condition? In northern 
Europe as many as 20–30% of people are carriers of the susceptible antigens HLA-
DQ2 or DQ8, in contrast to only 7 percent in the Middle East. Is this due to a longer 
natural selection in an area where grains have been on the menu for a longer time? 
This echoes the finding that in societies where people eat much starch, people have 
adapted by having more amylase enzyme (degrading starch) in their saliva.163

Although only a minority of wheat eaters (1 percent worldwide) develop the 
disease, the number is increasing quickly – a doubling in Finland during the past 
20 years.164 But why does it increase at a time when apparently less and less grain is 
consumed in western countries? Gluten is also added to many processed foods, and 
the most allergenic peptides may be more common in modern varieties.165 This is 
good news, since they may be removed by breeders. And what about the linkage to 
other “civilization” diseases? Today we no doubt pay a high price for the fixation on 
cheap sugars and white grain products, but is it reasonable to expect one factor 
behind it all? In his book In Defense of Food166 the American journalist, Michael 
Pollan, calls the simplistic tendency to blame single nutrients nutritionism. As we 
have seen in this chapter, the different kinds of starch or fibers have very diverse 
properties. If we add how diverse we as bodies may react, we realize that we need 
to search for interactions and response patterns, not the “explanation”. Although many 
investigations confirm that the betaglucans in oats and barley are beneficial, they 
may be so because of the rest of our diet. Had the diet been poorer the fibers would 
have inhibited our nutrient absorption, as they do in chickens and swine. The food 
is always more than the single, yes even the sum of the nutrients. 

Quality protein maize167

The strong increase in grain production through the Green Revolution largely 
focused on yield. There were good reasons for this, but meanwhile there was also 
an increase in the “silent hunger” – deficiencies in less visible nutrients. The Wor-
ld Food Summit in 1990 was the first to highlight the lack of vitamin A, iron, zinc 
and iodine. The best way to alleviate this is with a balanced diet, but by definition 
this does not reach the ones who need it most. The traditional intervention – pills 
– is well and good, but expensive and vulnerable once funding dries up. Since  
the 1990s international agricultural research has emphasized ways to increase the 
concentration of such essential nutrients in basic foods such as grains, cassava or 
sweet potatoes. Health is primarily to be from the farm, not the pharmacy.

It is time to tell a stubborn story about how enduring researchers improved 
the protein value in maize by doubling the content of lysine, the amino acid first 

I know a rhyme
of the smith and his swine.
When they got oats,
Then lean got their throats.

Then they got wheat,
Then they got obese.
Then they got barley,
then they got hardy.

Then they got milk in their bowls,
then there was leaping and howls.
Then, alas, they were undone,
though they were having such fun.

old Danish popular rhyme, 
commenting the feed values of 
grains.
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Pop corn. 
Pip, pop
Hip, hop,
tip, top!
Pop corn!

out of the pan
Into the fire,
Bursting and bouncing
Higher and higher.

White as new snow,
yellow as gold:
you’d better be patient
till it is cold.

American nursery rhyme.

to become deficient. We get it through a glass of milk or through soy meal added to 
the chicken feed. In 1964 the mutation, opaque-2, was discovered. It doubled the level 
of lysine over normal maize, from 2 to 4 percent. As usual the mutation had undesir-
able side effects. The kernels became floury and opaque, not hard. Most gave  
up getting the mutation “right”, a few kept at. Among them were Dr. S.K. Vasal and 
coworkers at CIMMYT in Mexico. Since 1970 they discovered that in certain crosses, 
the opaque-2 seeds were, in fact, hard. They increased their frequency, and around 
1980 the CIMMYT team had an opaque-2 maize with high lysine and other genes 
that cured the “infant diseases”. The next was to make it yield, as F1 hybrid seed. By 
1990 they named it Quality Protein Maize. At least 22 countries have now released 
such “QPM”-varieties. The nutritional value is 90 percent of that in skimmed milk 
and is a basic nutritional improvement for the poorest in society. Enough lysine also 
allows vitamins A and B in the grain to be more available. As animal feed, experiments 
in Pakistan showed that with QPM chickens need no additives, and the darker colour 
of opaque-2 seeds gave more vitamin A in the egg yolks.

In the year 2000, Dr. S.K. Vasal and E. Villegas were awarded the World Food Prize 
for their work, illustrating the time and patience needed for essential long-term  
progress. The investments in QPM development are negligible when compared to 
the health benefits that can be reaped. In 1970 the Swede, Dr. Lars Munck, discovered 
a high-lysine variant in Ethiopian barleys. At the same time, researchers at Risø in 
Denmark found induced mutations with the same trait. Again the mutation was hard 
to combine with high yield. Lars Munck argued – 30 years before it became conven-
tional wisdom – that not the crop itself, but the value created in the food chain, was 
the true measure. He showed that with high-lysine the swine digested proteins better 
and, for that reason, excreted 20 percent less urine. Similarly pigs fed with barley with 
less phytic acid excrete less phosphorus into soils and water. QPM and these examples 
show that to determine “quality” we need to take into account the entire production 
chain- from soil to plate.
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enOugh 
grains in 
Our TiMes?
until the end of the 19th century for most people to be  
or not to be meant to own or not to own land. even the  
bourgeoisie had to make ends meet, as when edvard grieg168 
described his economy as “clearly worse than worrisome,  
but definitely above contemptible.” america tempted  
immigrants with the new security net of land, its mesh  
size-one quarter of a square mile. For them it would have 
appeared utterly unreal that the daily bread would fare so  
well in the 20th century. it did, for both political and  
technological reasons. We will mostly deal with new  
technologies encompassing genes as well as environments.

and he gave it for his opinion, that whoever could make  
two ears of corn, or two blades of grass, to grow upon a spot 
of ground where only one grew before, would deserve better 
of mankind, and do more essential service to his country, 
than the whole race of politicians put together.

Jonathan Swift, Gulliver’s Travels

Where man is not, nature is barren.

William Blake, Proverbs of Hell
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1900: The grain and the (nitro-)gene
Let us first nail down two years:

In the year 1900 Mendel’s laws were rediscovered and soon put to use. Crossing 
grain varieties received a firm base of knowledge and a wide horizon.

Next, the year 1903 was a milestone in the improvement of the grain’s environ-
ment. The world’s first fertilizer factory was built in the small town Notodden in Tele-
mark, Norway – since 1905 known as Norsk Hydro and since 2004 Yara and to this 
day the world’s largest producer of fertilizer. Nitrate (NO3), made from nitrogen (N2) 
and oxygen (O2) through electric discharge, was invented by the Norwegian physicist 
Kristian Birkeland. The principles outlined in Justus von Liebig’s treatise from 1821, 
On the Relationship Between the Chemistry of Plants and Minerals, could be effectively 
put into use (without leaving 19th century guano trade unmentioned). In 1909 this 
technology was superseded by the Haber-Bosch process, which produces ammonia 
(NH3) from nitrogen (N2) and hydrogen (H2).

However, fertilizer does not make peas white or red, but bigger. In other words, 
we need to return to the gradual differences. In 1903 the Danish geneticist, Vilhelm 
Johannsen, described how environment could mold one “genotype” into different 
looking “phenotypes.” Through his experiments he bequeathed to the bean variety, 
Princess –bought in a Copenhagen market – an eternal life in textbooks. He showed 
that the variety was composed of innately different lines, each with its average seed 
weight, some lighter, some heavier. Within each line weights could vary, but not impact 
the next generation. In other words they were only due to “nurture”, not the innate 
“nature”. Effective selection could only be based on the latter. The question was how 
to distinguish nature from the more or less fortuitous nurture.

Still some held that the blood theory best explained gradual differences. Across 
the Øresund, in Lund and Svalöv, Johannsen’s friend, Herman Nilsson-Ehle, tried to 
resolve this knot through experiments with seed color in wheat. It may vary from 
colorless (“white”) to deep amber red. Crossing them, resulted in an intermediate 
pale red. In 1909 he showed that this could be explained by Mendelian principles, if 
seed color was the sum effect of three genes without any dominance. The three 
genomes of wheat could have one gene each, red, white or both. The deep red could 
then have six red, the colorless none. With such a simple model and the modulation 
of the environment, he could decipher all the gradual differences he observed. A third 
friend must be mentioned, Göte Turesson, who pioneered the understanding of dif-
ferent responses to natural environments. All this was highly relevant in agricultural 
fields, now dramatically altered by the added fertilizers and new machinery. New genes 
were needed in these new environments. The long straw could be shortened, the 
quality improved, and yields raised. These principles – statistically elaborated by the 
English R.A. Fisher – laid the foundations for systematic breeding for quantitative 
traits related to differences in measure and weight – in short the traits that counted.

Nordic grain production in the 20th century
The first systematic plant improvement in the Nordic countries started in 1888 at the 
Swedish Seed Association at Svalöv (Skåne). Others soon followed suit. Due to its 
dual focus on results and research Svalöv remained a leading international institution 
for many decades.

Fig. 161. From the experimental 
fields in the Chinese Academy 
of Agricultural Sciences, Beijing. 
Photo: Linhai Wang.

Wheat lifts its green flag leaves
undeterred by
greedy sky scrapers;

if this field here is developed,
wheat will still
have the last word.

A byproduct from the hydrogen 
production, heavy water, would 
make the Norsk Hydro factory at
rjukan world-famous after WWII.
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The first step – here and elsewhere – was to collect available landraces that farmers 
were growing, then test them and select the most promising. They were usually gene-
tic mixtures, but the most promising spikes were sown as individual rows, then com-
pared and mostly discarded. More seed allowed those that remained to be evaluated 
in ever larger plots. At last, the few left were subjected to the reality check of practical 
agriculture. These public investments in agricultural research were enormously pro-
fitable. In the year 1928 and in the region of Jämtland only, the Swedish barley variety, 
Vega, generated enough extra grain to fund further breeding for the next 20 years.169

What really boosted progress, however, was to cross varieties with different traits 
to create varieties that had both. In the old grain fields the straw would typically reach 
to one’s shoulders. If such a field was well fertilized it would become even taller, the 
spikes heavier, and lodge after a heavy down pour or wind. The result was at best a 
delayed harvesting, at worst that grains sprouted. Clearly, new varieties needed new 
genes that made them fit the new environment. Throughout the 20th century varieties 
were progressively shorter and more robust, from 150 cm down to the 80–100 cm 
common today.

But fertilizer also gives a more dense and green plant canopy, in which diseases 
may thrive. Although fungicides were introduced from the 1950s, a key goal had long 
been to make resistant varieties. The knowledge base acquired in the battle against rust 
could be used against other longtime or new foes. From the 1980s restrictions on 
fungicide use made the chase of resistance genes more and more imperative. And it 
paid: The Danish researcher, J. Helms Jørgensen, calculated that an annual investment 
of 5 million DKK in research on powdery mildew in barley gave a benefit of 250 
million DKK.170

Fig. 162. From the experimental 
fields in Weibullsholm, Lands-
krona, Sweden. This even and 
highly fertile soil was eminently 
suited for precise selection, but 
has now been “developed” through 
urban expansion
Photo: Staffan Erlandsson.
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From this rough outline the reader will see that better genes and better environ-
ments have gone hand in hand with what we call crop intensification – making more 
from the same land or inputs. To ask which has been the more important – genes or 
husbandry – a comparison today may bias today’s varieties. Still, answers are mea-
ningful. James MacKey, longtime professor of plant breeding in the Swedish Univer-
sity of Agricultural Sciences, compared varieties developed from 1900. For winter 
wheat the most recent cultivar yielded 50% more than the unimproved landrace. This 
cor responded to about one half of the yield gains achieved during the years 1945–90.  
In other words, one half of the progress in yield came from better genes, i.e. a higher 
potential yield. The rest came from better living conditions.

In contrast, oats showed no progress during 1930–60, due to less breeding effort. 
Once resumed, oats were as cooperative as winter wheat. MacKey found that 60 per-
cent of the recent progress in oats was due to better genes; in barley, only 30 percent.

The lack of interest in oats was due to fewer horsesto eat it, which led to vast shifts 
in grain production during the 20th century. Around 1900 oats accounted for half the 
grain production in both Denmark and Sweden – in sharp contrast to the bar charts 
in Fig. 5. Barley and winter wheat replaced oats as an animal feed and wheat replaced 
rye as the major grain in the bread.

Studies from many countries and crops show that the 50/50 explanantion for 
better genes and better environments is a good rule-of-thumb.

This was until the 1990s. Since then progress graphs show a worrisome slower 
pace of progress and sometimes, the curve is flat. One explanation is that plants are 
less fertilized. Environmental levies make it less profitable to obtain the highest pos-
sible yields. Surprisingly, this nutrient scarcity has made recent varieties more efficient. 
Due to resistance, they stay green and make better use of nutrients and water. For 
barley yields in Trøndelag (Central Norway)171 and UK winter wheat172 yields have 
continued to increase, despite less use of fertilizers. More than ¾ of the gain now can 
be ascribed to better genes. If and how this can continue, is an immensely important 
question which we will deal with later.

Stem rust and grains: Each field a battleground.173

No plant disease has been so dreaded throughout history as stem rust. We find it de-
scribed in Sumerian stone tablets as well as in the oldest books of the Bible. In the 
Pharoah’s dream that prophesied the seven lean years, the spikes were “thin and 
scorched by the eastern wind” (Genesis 40,7). The word “scorched” in Hebrew is 
yerakon, which means “yellow” (plants). Bible translators with an adequate knowledge 
of plants correctly translated it as rust.174 On April 25th, about the time of heading  
in wheat, the Romans made offerings to the god Robigus to avoid stem rust attack.  
To public delight red foxes with burning torches attached to their furs ran around in  
the Circus until scorched to death. In infected stems, the plant surface is broken up by 
“rust”, spore-producing colonies. This results in an uncontrolled water loss that may 
’scorch’ a field in few weeks, and the yield blows up into billions of airborne spores.

Theophrastus, a pupil of Aristotle, had noticed that rust thrived in hot and humid 
weather, but it was not until 1853 that the German, de Bary, understood that the “rust” 
was a parasitic fungus. He also showed that it infected the wild bush barberry. During 
the summer, it produced one kind of spore that infected cereal plants, then another 
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kind that infected barberry, where it could survive the winter and re-infect the cereal 
fields. The next important piece was laid in 1894, when Jakob Eriksson reported from 
Stockholm that stem rust from oats could not infect wheat or vice versa. In other 
words, stem rust was different diseases on different hosts, although they all shared a 
bed on barberry. Next, Mendel’s laws enabled the breeding of disease resistant varie-
ties. In 1905 Sir. Rowland Biffen in Cambridge (UK) proved that the ability of a wheat 
plant to withstand yellow rust was due to a gene. The young agricultural science in 
the United States quickly took up these new tools.

Originating in Central Asia, the barberry was common in the monastic gardens 
of Europe,grown both for the berries and as a dye. It joined the emigration to the USA, 
where birds took it further into fields and forests. There it became an insidious ’fifth 
column’ during WWI. The stem rust epidemic in 1916 was the worst ever, destroying 
the durum wheat crop and a large share of the bread wheat with it. The vast losses 
threatened supplies at home and abroad. When the US joined the ward in 1917 and 
fought with “five sacks of grains behind every bayonet”, stem rust had to be controlled 
back home. This meant doing something about barberry.

In 1903 Denmark passed a law which forbade barberry close to grain fields. In the 
subsequent 10–15 years stem rust declined. The plant pathologist Dr. E.C. Stakman 
at the University of Minnesota advocated a similar “home army” to uproot the bar-
berry. Stakman had shown that Eriksson’s discovery was more fine-tuned than he had 
realized. Not only did stem rust occur in different species, but it also had different 
races attacking varieties within a species. Through a well-chosen panel of such tester 
varieties, the races occurring in the air could be monitored, and new and dangerous 
ones be detected. Stakman also realized that barberry was not only a winter shelter 
for stem rust, it also reproduced and developed new races there. Without the bush new 
races could only arise through mutations.

 What had worked in Denmark became a task of astronomical dimensions in the 
USA. True, the radio was invented, but the Midwest was enormous, and if one bush 
was torn up by hoe or horse, new ones would shoot from roots or seeds. Still, from 
April 1918 the war call sounded on the barberry, and until 1967 more than 100  
million bushes were torn up.

Fig. 165. Barberry leaves with 
stem rust colonies, which through 
sexual propagation may give rise  
to new races. Photo: yue Jin, uSDA.

Fig. 163. Sir rowland Biffen with 
a spike of wheat. Although not 
quite as successful a breeder as the 
picture may indicate, he created 
new varieties with vast impact in 
the uK around WWI. He selected 
with “the eye of an artist” and was 
a dedicated rose grower. Photo: John 

Innes Center, Norwich.

Fig. 164. Stem rust infection where 
the stem surface has burst due to 
protruding colonies spreading 
countless spores of the same race.
Photo: Brian Steffenson, university of 
Minnesota.
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However, the barberry campaign was only one of the fronts. The other was with 
work to improve the ability of the plants to resist the fungal attacks. In 1916 growing 
the susceptible wheat variety Marquis over 9 million hectares from Nebraska to  
Saskatchewan was a mindless position, when faced with an overwhelming foe.

Plants had to be equipped with resistance genes. The genes were discovered and 
named consecutively with name and numbers as Sr1 (Sr for “stem rust”), Sr2,… 
up to at present Sr50. The details of the arms race between host and fungus may be 
compared to digital bar coded locks. Equipped with a bar code reader (the resistance 
gene) the plant tries to recognize the corresponding code in a fungus. If recognized 
the plant will lock the door, and stay healthy. A successful invader will pass unrecog-
nized and dismantle the plant’s defense system.

 In the 1920s and 30s the stem rust seemed to yield to these attacks on both flanks. 
Were the Wheatless days finally over? A bread wheat variety with the hopeful name 
Ceres was released as resistant in 1926 and in few years was grown all over the Midwest. 
However, in 1928 the new Race 54 was detected and picked up slowly year-by-year, 
until it virtually exploded in 1935. The race had defeated all the four resistance genes 
that should have made Ceres fit for fight.

This was a piece of evolutionary biology, ironically commenting the “monkey 
trials” in other corners of the USA. A field with a hundred percent resistant plants 
holds the fungus up against the wall: Go extinct or change. The fungus will choose 
the latter, and fast. On the verge of extinction very rare or recent mutations may  
literally get their “chance of a lifetime”. 

This was what happened in 1935. For race 54, the entire Midwest wheat crop lay 
open like a giant nutrient medium. The epidemic was the worst ever. In the states of 
Minnesota and North Dakota more than 50% of the yields were lost, and so again in 
1937. Well, in 1934 Stakman had released the variety Thatcher, equipped with six  
Sr-genes. It stood up against race 54 until 1953, when race 15B struck. It probably 
arose in New England, which was not part of the barberry campaign, and from an 
extremely unlikely eastern wind, a few spores arrived in winter wheat fields in Texas 
during the spring of 1950. From there they spread very thinly to Canada, and in 
autumn a few were taken by northern winds back to Texas. Then, explosively in 1953 
and 1954 the race destroyed the whole durum crop and broke the resistance in most 
bread wheats from Mexico to Saskatchewan. 

Since then the continent has been spared of major epidemics. The demise of the 
barberry had castrated the fungus, so that new races could only arise through muta-
tion. The number of races was reduced to a handful, and the enemy – the wheat 
varieties – are equipped with half a dozen genes that recognize the fungus. For the 
fungus to circumvent such a wall, a number of mutations have to occur within a race, 
which is highly unlikely. The defeat of stem rust was one of the greatest victories  
of agricultural research in the 20th century. But we are now in the 21stcentury, and as 
we shall see later in this chapter, in 1999 stem rust again has blown its horn from the 
Horn of Africa.

tHE GENE tHAt MADE 
BArLEy ruStProoF:

During the 1935 epidemic, in 
the small town Kindred, North 
Dakota, on a Sunday after church 
the farmer Sam Lykken (his name 
is from Hemsedal, Norway) 
walked his dismal barley crop. 
Was harvesting even worthwhile? 
Then he noticed a plant that was 
green and healthy. He marked it, 
harvested the seeds in due time 
and planted them next year. once 
again they were free from rust. 
He realized the importance of his 
discovery and drove off to North 
Dakota Experimental Station in 
Fargo. There the researchers did 
not believe him, but Sam was 
persistent. By 1940 he had seed 
enough to sell and to once more 
drive to the university. This time 
they tested the sample and were 
so impressed that in 1942 they 
released it as the variety, Kindred 
 L. Barley (L. for Lykken). until  
his death in 1959 he was honored 
with numerous awards. The new 
gene he so keenly had noticed, 
– with the eradication of the 
barberry – has allowed barley to 
resist stem rust throughout the 
Midwest till this day. 
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The grains and the wars
As mentioned stem rust made bread smaller during WWI. Preceding 1914 Germany 
had purchased huge stocks of grains from Russia, assuming that the war would last 
one year. When it did not end, supplies became critical. Labor, fertilizers and agricul-
tural machines were already scarce due to the war. Germany confiscated available 
grains in occupied countries in Eastern and Western Europe. The then-neutral United 
States guarded its military virtue: War was a matter for soldiers, not for civilians who 
should not suffer unnecessarily. They exported to both sides, and the large scale Aid 
to Belgium! had no historical precedence. England blocked the coasts of Germany and 
Germany blocked those of Norway, which suffered acute grain shortages in 1917.  
To save flour bakers usually cover their oven plates with sawdust. In Bergen the Food  
Inspection Agency received a complaint on a loaf so full of sawdust that they passed 

Fig. 166. Ernst Barlach (1870–
1938) Fleeing from Hungerland. 
“It appears to me, that the world 
must remember this war [WWI]  
as the “hunger war”. 
Photo: Museum der Brotkultur, ulm.
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Fig. 167. WWI posters. Photo: Library of Congress.

FRANCE 1918: Suzanne Ferrand: Sow wheat! It is the  
gold of France!

GErMANy 1919: C.H. Becker: Loss of Eastern provinces 
means hunger!

ENGLAND 1917: Henry George Gawthorn: God speed the 
plough and the woman who drives it!

uSA 1917: Charles Edward Chambers: Food will win the war!

GErMANy 1918: Ernst Ludwig Franke (1886–1948).

If you want to harvest peace, you must sow – therefore subscribe  
to the 8th War Loan. 

uSA, 1917: Frederic G. Cooper (1883–1962) Save a loaf  
a week – help win the war! 

uSA, 1919: Edward Penfield (1866–1925). Will you help  
the women of France? Save wheat. 

uSA, 1917: Cushman Parker (1881–1940): Little Americans, 
do your bit. Eat oatmeal, corn meal mush, […] Save the wheat 
 for our soldiers – Leave nothing on your plate.
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it on to colleagues in the Fuel Inspection. The situation was far more drastic the situation 
in Finland, which was also suffering a Civil War. When the US joined the war in 1917, 
Victory through Wheat was one of its slogans. The American grain market was national-
ized with full price controls and every available bushel was shipped to help the allies.

In Germany the food supply became ever more precarious. Nutritional science was 
mobilized to find substitutes for grains. Scientists recommended sugar from sawdust 
and yeast for proteins, and they published nutritional tables with “corrected” (lower) 
calorie needs. Even in combat soldiers suffered scarce rations. However, before the  
terrible battle of Verdun in 1916 the soldiers’ morale was recharged by well-stocked food 
boxes. During an advance in Belgium in April 1918 German troops threw down their 
weapons in order to devour English rations that had been left behind.

On top of being deceived by their own war propaganda the plight of the German 
people was prolonged throughout the post-war winter of 1918–19. The allied food 
blockade lasted until the Versailles Treaty was signed on June 28. Germany had to 
surrender its Eastern granary, Prussia, which meant 2 million ha less land for rye and 
oats – 15% of the national supply. Less obvious was the clause in the Versailles Treaty 
that released the patents on the Haber-Bosch process for fertilizer production. Since 
Fritz Haber’s famous invention (Nobel Prize of Chemistry in 1918) was also used for 
making bombs (he also developed gas for chemical warfare during WWI), he came 
to embody the Janus face of science in the 20th century. 

 The loss of Prussia prolonged the starvation of Germany well into the 1920s. 
People dreamed of owning land and took Knut Hamsun’s gospel The Fruit of the Earth 
(1917) to heart – to no avail, since the announced land reforms and reallocation of 
lands failed to occur. The grain issue became an essential part of Hitler’s Lebensraum. 
Not only did the Nazis confiscate crops in occupied territories. The Drang nach Osten 
– the re-germanization of Poland and western Russia – was the grand plan of Heinrich 
Himmler. His SS the division Ahnenerbe – Ancestral heritage – was charged with not 
only breeding the race, but also its crops. For this end Vavilov’s gene bank in Leningrad 
became a designated war trophy. Due to that city’s resistance, the SS never got to the 
gene bank, but it did capture large shares of the gene bank that was replicated in the 
Crimea and the Ukraine. On Himmler’s personal orders the SS established an Institute 
of Plant Genetics in Austria in 1943. When its director, the SS Untersturmführer Heinz 
Brücher, (then on Himmler’s personal staff) was ordered to burn the place in 1945, 
he hid the seed treasures on neighboring farms. He later made an unknown seed deal 
with US occupation forces in 1947 and slipped off to Sweden and Argentina, where 
he was a neighbor of the more well-known, Adolf Eichmann.175 

Nazi nutritional science also became a little heeded way of genocide. Each nation 
received their food supply according to (this time correct) nutritional tables, multiplied 
by the value of nation – a scientifically based decimation of inferior “races”. While Germans 
received (in principle) 100% of their caloric needs, Poles got 65 and Jews 21. For fats 
the figures were 77, 18 and 0.2. The grain supply was also a key political question in Italy.176 
Through the new varieties developed by the outstanding breeder Nazareno Strampelli, 
Mussolini launched a highly successful Battaglia del Grano (which also advocated whole 
grain flour!) That the national yield of bread wheat was nearly doubled from 1922–1933, 
made Italy proudly self sufficient in wheat. This strongly underpinned the popular sup-
port for fascism. Strampelli’s highly innovative genes and varieties also made them cor-
nerstones in Argentina, early communist China and later in Borlaug’s Green Revolution.

Fig. 169. Norwegian flour and 
bread coupons from WWII.

Fig. 168. Freedom and Bread. 
Election poster for the Danish 
Nazi party, 1939.
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Fig. 170. Women harvesting  
barley under the snow in East 
Karelia during World War II 
in 1942. The mouldy wheat, 
harvested after the winter in the 
ural, caused the clinical syndrome 
alimentary toxic aleukia (AtA), 
with a mortality rate of 10–60%. 
Photo: rosen (1998) 

In the 1950s and 60s the relationship between stem rust and wheat became part 
of another arms race, the Cold war. On remote islands in the Pacific, the Pentagon 
developed stem rust into a Weapon of Mass Destruction – “spore bombs” which were 
intended for the granaries of the Soviet Union and China. This program and all other 
biological arms programs were discontinued by Richard Nixon in 1969. After signing 
the ABM Treaty in 1972 the US destroyed the spore bombs.177 In the 2002 US Home-
land Security Act the deliberate release of dangerous races of rust or late blight is 
defined as “bioterrorism”.

PraYER IN WARTIME

Bread, linger here in my two hands.
bequeath us the warmth of life, divinely generous You,
let me lean my cheek to your rugged bark, 
faithful bread.

How happy are all your brown fragrances:
grains fulfilled in the sun, the dark barn, noise of threshing.
Blood flowed into you from the earth’s entrails,
blushing bread.

Pagan women shaped you with their spells,
and Christian crosses protected your sacred camp:
Dark weapons would yield before your eye,
most human bread.

Honorable bread, who saw the source of each lineage,
born from soil and buried in soil and born again,
forsake us not on the very last day,
merciful bread.
        – Solveig von Schoultz. Finnish poet, 1907–96
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Hybrid corn – the American maize miracle

The wind and the corn talk things over together
And the rain and the corn and the sun and the corn
Talk things over together.
Over the road is the farmhouse,
The siding is white and green blind is slung loose.
It will not be fixed until the corn is husked,
The farmer and his wife talk things over together.

Carl Sandburg.

Good farming; clear thinking; right living.
Henry A. Wallace

As mentioned Native Americans had adapted the hard grained Northern flint both 
along the eastern coasts and far inland. Its ears are long and slender, with only 8–10 
rows of seeds, making the yield level low. The higher yielding Southern dent, with 
shorter ears and 14–22 rows arrived in the Southwest at the time of Columbus. With 
its more ‘tropical blood’ it became the staple in the South. During the great agricul-
tural settlement in the 19th century, the country became “the melting pot” for men 
and maize. A ‘grand old man’ in American maize breeding, A. Forrest Troyer, has 
written the fascinating chronicle of this dual and mutually dependent settlement.178 

In 1838 the cultivation of maize had its center in Tennessee, but by 1878 Iowa had 
become the core area of the new Corn Belt. When penetrating deeper into the country, 
people would usually bring key resources, such as seeds. Would the seeds be locally 
adapted in their new circumstances? The purchase of seed was one of the most impor-
tant decisions for a settling farmer. For many of these God-fearing farmers the grow-
ing of maize was both a profession and a mission, from which they did not ’retire’ until 
they were put to rest in sanctified ground of their local church cemetery. In the more 
secular 1950s one of the pioneers of hybrid breeding, F.D. Richley, chose to have his 
ashes spread in a maize field where he had performed many of his trials. 

 All maize was harvested by hand, and with a sharp eye for early maturing types a 
good seedsman could speed up natural selection and catch a good price. Extra fine 
ears displayed in the many annual corn shows could catch yet a prestigious award. At 
the Chicago World’s Fair in 1893 James L. Reid won the gold medal for his variety 
Reid Yellow Dent. Because this is a cornerstone in the subsequent history of maize, it 
may serve as an example for the hundreds of varieties sold and grown at the time. 

The Reid family moved from Virginia to Illinois in 1847, when James was three 
years old. Of course they brought their seeds, including a kind of red “gourdseed” dent 
maize. That year the sowing was too late and germination was poor. The next year 
Reid Sr. got hold of some local, early maturing Indian flint which he planted as pollen 
donors. The results were so good that he improved this stock year by year through 
scrupulous selection of vigorous plants with well-developed cobs and ‘deep’ seeds. 
The children were trained in this process from age 10. Legend has it that the selected 

Fig. 171. uS WWI poster  
encouraging the use of corn  
meal, the allies need the wheat. 
Photograph: Library of Congress



198

cobs wintered in the family’s mouse free mattresses. The Reid farm was unusually 
fertile, and here was a selection for both climatic adaptation and high yield potential. 
Soon Reid Yellow Dent became an economic success. Beyond this James was ’a talented 
artist expressing himself through beautiful ears of corn’.

Reid could not know that the key to the success was his forced-by-necessity cross 
between flint and dent corn in 1847. Only in the years 1900–1910 did researchers 
come to realize that such crosses could make unexpectedly productive progeny, the 
phenomenon of hybrid vigour as described by Charles Darwin in his book The Effects 
of Cross and Self Fertilization in the Vegetable Kingdom (1876). Without knowing about 
one another, two researchers came to establish those facts and early explanations: 
George Harrison Shull in Long Island, and Edward East in the University of Illinois.

Let us first approach the explanation through a by-route. From one single seed, 
Red Fife came to cover a large share of the cultivated area of North America. This is 
possible because through millennia wheat has adapted itself to self-fertilization and 
inbreeding. Inbreeding leads to homozygosity and, hence, all plants in a field are iden-
tical. In this way, exceptional individuals like Red Fife can be ‘true breeding’ and 
“copied” indefinitely. The outcome of an outstanding maize plant is at the mercy of 
the pollen in the air. So, the progeny will too often disappoint the proud parent. Maize 
may also be inbred, but it quickly manifests an inbreeding depression, revealing unfor-
tunate gene variants otherwise hidden from public exposure. These abnormalities 
range from sterility and dwarfing to less conspicuous weaknesses. 

That the cosmetic demands of Corn Shows could be counterproductive, was 
noticed by the Mennonite Isaac Hershey in Pennsylvainia. Not knowing that the 
reason was inbreeding, but caring less about appearance than yield, he developed 
a variety called Lancaster Sure Crop which became another cornerstone of hybrid 
breeding.

Fascinated by the variation it engendered Shull continued the inbreeding. He then 
mated different inbreds and was even more baffled by the vigor of the progeny, when 
compared to the inbred parents. This vigor (which he called heterosis) was, however, 
most pronounced in the first generation. Once such F1 hybrids had mated, it proved 
transient and unstable. East arrived at similar results by crossing flint with and dent 
varieties. The crosses gave a yield 20 percent above the parents. 

Hybrid vigor is most pronounced if the two parents come from lineages that have 
long been genetically separated. Mutations tend to differ among lineages, all have their 
burdens. However, when crossed to the right, unrelated partner the ‘good’ genes of 
one parent may cover the ‘bad’ of the other, and vice versa. It can be envisaged very 
schematically in this way (A or B meaning the respective favorable gene, a or b the 
less favorable or even deleterious mutation, which is masked by A or B):

Cross:    aaBB  x AAbb
F1 hybrid:     AaBb

Here the hybrid – since it is heterozygous – masks both deleterious alleles and  
surpasses both its parents. Since both parents are homozygous inbred lines, all plants 
in the next F1 generation will be of this one, excellent combination. However, once 
they intercross with one another, the weaknesses will reappear and at a high fre quency. 
In other words the favorable gene combination is unstable. 

Fig. 172. WWI poster from 1916–
18: Save seed corn now!  
Photo: Library of Congress.

Fig. 173. Harvested corn is loaded 
on a cart in Washington County, 
Maryland in 1937– around 
the transition to mechanical 
harvesting. Photo: Arthur rothstein,  
Library of Congress.

recently, the genome sequence 
of the maize inbred B73 has 
illuminated this at the molecular 
level179. It indeed shows that 
different lineages, such as flints 
and dents, have different gene 
patterns (“haplotypes”), but are a 
bit different from the mentioned 
model. one line may simply lack 
a gene that is present in another. 
For the two lines B73 and Mo17 
this amounts to several thousand 
genes. Indeed, the these two maize 
inbreds differ from one another 
more than humans differ from 
chimpanzees. With 37,000 genes, 
the ways to complement one 
another are endless.
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East quickly perceived the agricultural potential of such F1 hybrid varieties. A care-
fully selected hybrid could fill states, like Red Fife. The need for seed would be enormous, 
since the seed of every maize plant would have to be purchased every year. In concrete 
terms inbreeding is done by isolating the female flower – the stigmas or the silk protrud-
ing from the young cob – by means of a paper bag. When the male flowers at the top of 
the stem, the tassel, flowers and sheds pollen few days later, the silk is pollinated by it 
and covered again. To produce the hybrid seed for farmers the mothers-to-be are planted 
in several adjacent rows, followed by a row of fathers. Before the flowering of the moth-
ers their tassels (male flowers) are removed. The fathers will then provide all the pollen 
and 100 per cent F1 hybrid seed may be harvested from the mother plants. 

However, the first inbred parents were so weak and so low yielding that the seed 
were excessively expensive. The simple solution (invented by East’s student Donald 
Jones) was to cross two hybrids with each other, so that farmers would buy double 
hybrids. But even that road was a long haul. First of all, large maize populations had to 
be subjected to inbreeding with ruthless selection for vigor. Next, thousands of crosses 
had to be done to find which pair “nicked”, not a trivial task. From 100 lines one can 
make 4500 pair crosses! Also the hybrid idea was controversial and threatened the 
whole culture of corn shows. However, from 1922 the US Department of Agriculture 

Fig. 175. Hybrid vigour in maize. 
two of the world’s most important 
inbred lines, B73 from Iowa (left) 
and Mo17 from Missouri flanking 
their proud progeny. This hybrid 
was widely grown over the world’s 
maize areas in the 1970–80s. 
Photo: James F. Holland, North Carolina  
State university

Fig. 174. Hybrid vigour in maize. 
Inbred line in the middle, flanked 
by hybrids. Photo: Getty Images.
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decided to make the hybrid technology a practical reality. Universities delved into 
developing methods for breeding, and inbred lines adapted to different climatic zones. 
Those involved saw a way to counteract economic misery and dustbowls in agriculture. 
There was an atmosphere of enthusiasm and innovation. Many seed companies were 
established, among which was Pioneer Hi-Bred founded in 1926 in Johnston, Iowa 
by Henry A. Wallace. Hybrids were commercially interesting since farmers would 
need new and more expensive seed every year. The first commercial hybrids were 
planted in Iowa in 1933 and did so well in the droughts of 1934 and 1936, that by 
1942 they covered 99% of the maize area. At the same time there was another revolu-
tion: maize harvesting was mechanized. An average US maize crop increased from 1.5 
tons/ha to 1.9 in the course of the tough thirties. At the turn of the millennium the 
average was 9.5 tons and in Iowa 11tons. For comparison, in India the present average 
is still 1.9. This is the yield level of current US inbreds, who no longer are flints and 
dents, but are groups within Corn Belt dents.

But progress had its price. Hybrid seed had to be more expensive than the old 
open pollinated one, but the advantages outweighed the expense. Another price for 
the farmer was his loss of independence. Instead of being a competitor of the seed 
company, he becomes a regular customer. Not surprisingly, seed companies have 
sought to make hybrids of all crops wherever the hybrid vigor was sufficiently strong 
(and even where it was not) and hybrid seed was technically or commercially feasible. 
Beside maize this is true for rice, sorghum and rye.

 Forrest Troyer has studied the progress achieved by maize breeding from 1860 
to 2000. Until the arrival of hybrids the selection done by farmers had not improved 
yields, though maize had expanded vastly. From the 1930s and around 1960 there are 
steep bends on the curve. The last date marks the introduction of single cross hybrids, 
enabled by more vital inbred parent lines with better seed yields. The new hybrids 
were grown over much wider areas than before and subjected to tough stresses. The 
number of plants in a field almost doubled, which implied an intense competition for 
nutrients and water (and more seeds sold!). Thus, hybrids gradually became more 
stress tolerant than the old corn.180 

A flip side of this success is monoculture. Where there was once diversity, the same 
hybrid or its close relatives dominate. Had not this caused the calamity of stem rust? In 
1970 the disease, Southern Leaf Blight, suddenly claimed large shares of the crop in the 
Corn Belt. Practically all the hybrids had the same “male sterile cytoplasm”, which was 
used to avoid the mechanical de-tasseling. Such mother plants simply could not make 
normal pollen. Suddenly, it was clear that this mutation made the hybrids susceptible. 
Breeders and seed producers swiftly returned to the old mechanical castration, but it 
was indeed a wake-up. It was and is a paradox that in such a diverse species as maize, 
most of the hybrids are based on a few dozen lines of North American flint and dent. 

 

Hybrid success – in Europe and Africa
The American hybrids of the 1930s did not go unnoticed in Europe, and in 1947 they 
became part of the Marshall Plan for reconstructing Europe. The old European maize 
– the Turkish wheat – was a warm season flint limited to Mediterranean climates like 
the French le Midi and its use was declining. American hybrids made their way into 
la grande prairie of the Paris basin, but the American inland maize did not thrive in 

Fig. 176. Henry A. Wallace 
(1888–1965) , founder of Pioneer 
Hibred in 1926, uS Secretary of 
Agriculture in the Franklin D. 
roosevelt adminstration 1933–
1940, Vice President 1941–45, but 
was replaced by Harry S. truman 
only 82 days before roosevelt died. 
He ran as independent candidate 
in 1948 advocating the end of 
racial segregation, discrimination 
of women and friendship with the 
Soviet union. Later he developed a 
globally important chicken breed.
Photo: Wikipedia.

The cornerstones in this story 
 are the Native American flints.  
We noted their accidental con tribu-
tions to reid yellow Dent, but a 
few early seedsmen realized their 
value. one was oscar Will who in 
1881 settled in harsh Bis marck, 
North Dakota to work in a local 
nursery and seed company.  
It was a barren landscape, very 
unlike his lush New England:  
“A number of bleak homes and 
false store fronts perched like a 
flock of transient birds ready to 
wing away at the least disturbance”. 
Will began by planting native 
species around his house and then 
crossed the early maturing “Indian 
corn” with ‘ordinary’ maize. Soon 
he had Native and other custo mers. 
Will Jr. continued the business and, 
educated as an anthropologist, 
wrote still prominent works about 
the Native American maize (p. 80). 
Even Henry A. Wallace, the man 
who did more than anyone to 
indus trialize maize cultivation, had 
a profound respect for the native 
varieties and the role of maize in 
the indigenous cosmology. 
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cool and wet springs near the Atlantic. It had to become tougher. But where were there 
sources of such genes?  The maize breeder, Andre Cauderon, got news through a col-
league about a local variety growing in the village of Lacaune in the Departement of 
Tarn, in the mountainous southwest.181, 182 Beginning in 1940, the farmer of La Capte 
had kept two cobs that fully matured in September. This farm was situated at 720 
m.a.s.l. received abundant rainfall and had an average seasonal temperature of 14.5º 
C, similar to southern Denmark. Throughout the war years he had continued to grow 
and select plants with mature seeds in the end of September. His variety was now for 
sale in the local grocery store. It was purchased and the seeds were sent to the research 
station of INra at Versailles. Cauderon could confirm its superior cold tolerance and 
started inbreeding it. The lines F2 and F7 (they were flints) combined well with the 
American dents and laid the foundation for maize as a forage crop in northwestern 
Europe. It is now the third largest crop in Denmark and its footprint extends into 
Sweden and even has a toe in Norway. 

Behind the Iron Curtain old maize countries like Hungary, Yugoslavia and Ukraine 
also picked up the technology. Before becoming the Soviet Union leader in 1953, 
Nikita Khrushchev had been a party leader in the Ukraine since 1937. During an acute 
food shortage in 1940 he heard about American hybrids, and in August he called on 
Vavilov to learn more. However, Vavilov was arrested the night before. This was prob-
ably prompted by his foe Trofim Lysenko (1898–1976), who fought such “capitalist” 
genetics. Khrushchev officially protected Lysenko until he himself was ousted from 
power in 1964, but hybrid maize had quietly been “rehabilitated” ten years before. 
The arrest of Vavilov and the rise of Lysenko set back Soviet genetics and agriculture 
for decades. It was probably one of the decisive moments in the history of the Cold 
War, a chapter not well written.184 Once they were introduced, American inbred lines 
like B73 from Iowa or Missouri 17 (fig. 175) were directly useful in the Ukraine and 
other “Midwest” climates.

Since the 1800s maize was the food grain in South Africa.185 When diamonds were 
discovered at Kimberly in 1867 the big issue how to feed the miners. To take the men 
out of agriculture would mean a collapse. Both sorghum and wheat demanded a large 
workforce – sorghum needed guards against birds and both must be harvested on time. 
Maize, however, was well wrapped and could stand until people had time for it. Hence, 
the mining industry came to be based on US dent corn, which was grown on a large 
scale on the best lands. Domestic flints tasted better, but to no avail. The miners had to 
flush down the maize porridge with maize beer (today South African Breweries are the 
world’s largest, with brands like Guinness, Urquell and the Chinese Tsingtao).

As mentioned South Africa also exported maize to Europe for feed. Hybrid tech-
nology was also picked up quickly. In fact, the world’s first single cross hybrid was not 
marketed in the US, but in the current Zimbabwe in 1960. SR-52 (SR for Southern 
Rhodesia) was a variety for white farmers with ample access to water and fertilizer, 
and they were not slow responders. Yields tripled, and by 1967 97% of all maize on 
large estates was hybrids. In 1965 Rhodesia broke out of the British Commonwealth 
to continue its apartheid system. Under the international sanctions that followed, 
maize was one of its best cards. The new hybrids, which did better against drought, 
were soon picked up by black, smallholder farmers. After independence in 1980 maize 
continued to be the motor in the economy, until the destruction of the commercial 
sector led the country into severe food crises in the early 2000s.

Khrushchev’s keen interest 
in hybrids led to a personal 
friendship with roswell Garst,  
the owner and founder of the 
Garst Hybrid Seed Company in 
Coon rapids, Iowa. After his first 
visit in 1959 Khrushchev said, 
“Let there be more corn and more 
meat and let there be no hydrogen 
bombs at all.”183 In his retirement 
he returned to his maize and  
his memoirs.
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Fig. 177. Norman Ernest Borlaug 
(1914–2009). His name is linked 
to the Green revolution, whose 
huge historical impact has had far 
less attention than other decisive 
political events like the Viet Nam 
war. Photo: Getty Images.

In China the maize hybrids inspired the success of hybrids in rice that we will 
come back to.

In Germany hybrids in maize also paved way for hybrids of rye.186 German breeders 
soon found that the old cultivars ‘Carstens’ and ‘Petkus’ could be the ‘flints’ and ‘dents’ 
of rye. However, seed production is not as easy. Rye does not have male flowers that 
can be conveniently cut off in the mother plants, and to castrate the flowers manually 
is unthinkable. Like in maize they sought for male sterility factors, so that mothers 
would abort the pollen, but remain fertile as mothers. Such male sterility was found 
in rye from Argentina. So hybrid seed could be produced – but a problem remained. 
The hybrid itself must be male-fertile and produce ample pollen. Genes that restored 
the pollen fertility was found in rye from Iran. With these genes hybrid rye could be 
developed. It is particularly high yielding under stressful conditions .
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The Green Revolution187, 188

The control of stem rust and the successes of hybrid breeding created much optimism 
in US agriculture. As F.D. Roosevelt’s Vice President, Henry A. Wallace went to  
Mexico in 1941 for the presidential inauguration. He surprised his hosts by driving 
himself around Mexico for two weeks to learn about Mexican agriculture. He was 
shocked by its backwardness. Once home he proposed that the Rockefeller Founda-
tion could “make a difference” helping Mexican agriculture, with an emphasis on 
combating stem rust and improving corn. A useful side effect would be that with 
enough food people would less easily turn to communism. An expert group, headed 
by E.C. Stakman, was appointed to plan how grain production could be improved. 
This was the first time that development aid – more than food aid – came on the agen-
da of the State Department. This approach would lead to the Green Revolution and the 
current system of international agricultural research. Stakman recommended his  
former student Norman Ernest Borlaug for the job of developing rust-resistant wheat 
varieties. He was well familiar with rust, he “will not be defeated by difficulty and he 
burns with a missionary zeal.”

Borlaug (1914–2009) grew up on a small farm in “Little Norway” in northern 
Iowa. Despite the depression he graduated from the University of Minnesota. He was 
barely 30 years old when he arrived in Chapingo, just north of Mexico City. He put a 
minimal amount of experimental gear in place, recruited helpers and joined their 
sunrise-to-sunset chores to the great surprise of a team accustomed to office bosses. 
Only by being in the field could he himself learn what was needed. “Wheat became a 
person for me…it itself was the best teacher about wheat.” In the course of a few years 
he built an innovative breeding program with these cornerstones:

1. The key to high yields was a benign environment: enough nutrients, enough 
water, and healthy plants that did not lodge. By crossing with dwarf wheats from 
Japan he shortened the straw and made spikes larger. This one step doubled the 
potential yield.

2. He intercrossed a large diversity of varieties, each with known and potential 
useful genes. An important example was Sr2 from a Cacucasus emmer. It worked 
against all races of stem rust. The fungus caused less damage, but it was allowed to 
survive without having to mutate.

3. From a huge population of plants he sought the positive exceptions: short, 
strong against diseases and high yielding. These were found and he used them to build 
the better varieties. He established a winter nursery in the Yaqui Valley in northern 
Mexico to speed up the progress. From this hot irrigated lowland site the few selected 
varieties were sent to the mountain station in Toluca at 2700 meters altitude outside 
Mexico City. Initially this shuttle-breeding was highly controversial, but it turned out 
to be an unexpected genetic success. Potential varieties had to cope with very divergent 
stresses, which revealed the most hardy and adaptable varieties. Genotypes that were 
day neutral were favored. These genotypes did not depend on the length of the day 
for their growth, only temperature, which made them capable of growing in different 
corners of the globe. 

4. He insisted upon educating his staff. He knew that without trained people at all 
levels the fruits of the work would neither be achieved nor sustained. With assistants 
from all corners of the world he established a network of test stations for the promising 
varieties from Mexico. The result was a free flow of breeding materials worldwide.

Fig.178. Innumerable stamps  
(and coins) have displayed grains 
or harvesting. This is from the  
uS Food for Peace program. 
Photograph: iStock
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Things started to take off. There are many legends about how Borlaug involved 
prime ministers or farmers. In 1963 he sent selected varieties to his contacts in  
Pakistan, and next year to India. In 1964–65 the world press reported on recurring 
famines in Bengal and Bihar. India received five million tons of wheat from the US 
– at the time, the largest food aid operation in history. 

In the US there were academic discussions about whether or not “overpopulated” 
countries such as India “could be saved”. The 200 tons of seed wheat Borlaug had 
shipped for trials in 1964, showed promising results, and by the autumn of 1966 
Mexican wheat was sown on 240,000 hectares. The Indian Prime Minister, Indira 
Gandhi, understood that without self-reliance with food, India would never be a great 
power, and in 1967 she symbolically planted wheat in her New Dehli flower beds. 
That year, in spite of bad monsoon, wheat production increased in India. In 1968 
record yields created euphoria in the country side, and on March 31st Borlaug had a 
contentious meeting with the Indian Vice Premier. Borlaug believed that it would be 
impossible to realize the potential yield levels without a complete overturn of grain 
and fertilizer prices. His will prevailed, and the Green Revolution was on. For this 
achievement, an immensely astonished Borlaug was awarded the Nobel Peace Prize 
in 1970. At the time, this revolution had not yet reached China. Once there, the day 
neutrality genes allowed wheat to expand south by planting spring wheat as winter 
crop after rice in the Yangtse basin, allowing double cropping.

Since 1963, led by the International Rice Research Institute (IRRI) in the Philip-
pines, a dwarfing gene from Taiwan and day neutrality have also been the cornerstones 
for the Green Revolution in rice. IRRI and CIMMYT (the name of Borlaug’s institute 
since 1966) have since been global suppliers of genetic materials in their mandate crops.

What were the impacts of the Green Revolution?
This may give the impression that the green revolution represented the “68-genera-
tion” of food production, an abrupt change with an enduring aftermath. This is  
mistaken. It is indeed correct that India doubled its wheat production from 1961 
to1970, but the total cereal production shows another doubling up to 1999. China 
went from an average cereal yield of 1.4 tons/ha and 147 million tons in 1961, to  
4.2 tons/ha and 389 million tons in 1990. On a global scale cereal production went 
from 650 million tons in 1950 to beyond 2 billion tons in the 2000s. 

In other words the Green Revolution extended through the entire 40-year 
period.190 At least 80% of this is from an intensification of agriculture, i.e. a higher 
output per unit of area. Since 1980 almost all growth occurred in this way. Only with 
maize has there been a significant increase in amount of planted areas. Stated in 
another way: If we were to produce today’s harvests of rice, maize and wheat at the 
1967 yield levels, we would need additional areas equivalent to three times the  
agricultural areas of the USA and China put together.191 This would have meant an 
enormous pressure on earth’s remaining forests and nature reserves. 

These effects of the Green Revolution on global food production are factual. The 
same applies to the grain prices, which, in real values, fell by 40% from 1965 to 2000 
[130]. The prices would instead have increased, especially to the detriment of poor, 
urban dwellers in poor countries. Intensification created a surplus, both in calories and 
labor, which enabled the unprecedented economic development of China and India. 

The dwarf genes from Japan were 
war trophies of unforeseen value. 
An American GI, S.C. Salmon, 
who as a civilian was on the  
uSDA staff, noticed the short 
wheat varieties and sent samples  
to Dr. o. Vogel in Washington 
State university. From his breed-
ing Borlaug got two dwarfing 
genes now found in 70% of 
the “semidwarf ” wheat grown 
worldwide. The other major source 
of dwarfism and day neutrality also 
came from Japan into the hands of 
the Nazareno Strampelli , whose 
work in many ways preceded that 
of Borlaug. 
Why Japan? Due to land scarcity, 
its agriculture had seen a Green 
revolution in the 19th century. 
Fields were heavily manured, 
and dwarf types that lodged less 
adopted both in wheat and barley.
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Yet every revolution has its winners and losers. Early on, the new varieties were 
criticized for detrimental side effects, socially as well as biologically. We will examine 
some of these, and at the same time, examine how the Green Revolution has changed 
over these 40 years.

One early objection stated that the varieties were geared only toward the most 
productive areas, which did not help farmers struggling in more adverse conditions. 
This means that the varieties presupposed a “package of inputs” such as water, fertil-
izers and biocides. Without this up-bolstering the varieties were no better than the 
old ones, or even worse. This issue has been widely studied, and the answer is both 
yes and no. To be fair, one must keep in mind that the over-all purpose in the 1960s 
was to boost food production, and do it fast. This is in fact most easily done where 
conditions are the most benign and areas the largest. This does not mean that farmers 
had to have large properties – both small and large farms could grow the same rice 
varieties, if conditions were similar. With time the Green Revolution also diversified. 
Once advocating the same variety for the Indian Punjab as in Mexico, CIMMYT now 
breeds varieties that are adapted to 10–15 different ’mega-environments’: environ-
ments with or without irrigation, temperate or cooler climatic zones, etc. One exam-
ple is the previously unproductive cerrado-areas of Brazil and other South American 
countries – maybe the largest remaining cultivable lands on the globe. These soils, 
which contain acid and aluminum, used to preclude any cereal cultivation. But a gene 
that gives wheat tolerance to acid soils (the same as in rye, oats and some barleys) has 
opened this niche. In Brazil alone the area is as vast as the US Corn Belt. South Amer-
ica may someday pass North America as the world’s leading granary and offer a real 
alternative to the felling of rain forests.

Yet, in many environments, farmers and crops fell through such a crude-meshed 
net. In Turkey farmers grow modern varieties in the more favorable valleys, while 

Fig. 179. Large scale technology 
has made labor productivity so 
high that only a few percent are 
employed in agriculture.  
Photo: iStock

Before the Green revolution  
most Indians ate rice, wheat  
being for the elite, but afterwards 
breads like nan and chapatti 
became available for all. 
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older varieties prevail higher up. The farmers need to handle an array of environments 
and have suitable varieties. Because local conditions and demands are often specific 
and differ dramatically, it has become important to involve farmers themselves in  
the research process. They best know their conditions and they are keenly motivated  
to improve their livelihoods, if only the researchers will enter the rice fields. Over  
40 years, the increasing levels of education and improved communication technology 
have allowed a far more fine-meshed strategy. Institutions such as the IRRI, CIMMYT 
or their 13 sister institutes are now nodes in problem-solving networks. In this way 
Borlaug’s vision of agricultural research through education has become a reality.

But many farmers in the core areas of the “revolution” were caught in an economic 
trap. Grain prices declined, while inputs went in the opposite direction. This led to 
some surprising results. Squeezed by lower economic margins, some rice farmers in 
the Philippines changed to organic systems. What they might lose through lower rice 
yields, they compensated with the fish, frogs and ducks in the paddies. To prevent the 
water temperature from getting too high, they needed taller rice varieties as shade for 
these “crops.” It is the bottom line of the whole farm that counts for the farmer, not 
just the rice yield. 

With declining food prices city people, rather than farmers, were the actual long-
term beneficiaries of the Green Revolution. Since ruined farmers are less prone to 
social unrest than the hungry, urban poor, this did not upset politicians. Since the 
1980s many people considered the issue of “enough food” as an issue of the past and 
agricultural research as less “essential”. In this way the Green Revolution not only to 
ate many of its “children”, the farmers, it also put its “father”, the international agricul-
tural research, on an ever stricter diet. This still prevails. 

Fig. 180. Fertilizer prices and 
environmental levies have 
improved fertilizer efficiency.  
Left a Vietnamese farmer broad-
casting fertilizer in his paddy, 
right precision agriculture where 
nitrogen needs are determined 
optically by leaf color.  
Photo: yara International ASA.
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Longping Yuan’s dream 
I saw rice plants as tall as Chinese sorghum, each ear of rice as big as a broom and each 
grain of rice as huge as a peanut. I could hide in the shadows of the rice with a friend.192

Although what the Chinese agronomist Longping Yuan (b. 1931) saw in his dream did 
not “come true” at daytime, he has contributed more to rice that any other Chinese. 
As a young man he was shocked by the famine following the “Great Leap Forward” 
and decided to spend his life to breed more productive rice. In 1964 he noticed a very 
vigorous rice plant that he realized was a hybrid between two varieties. Familiar with 
the maize hybrids, he wished to harness this potential in rice also. Unlike maize, rice 
is self-fertilizing and has no convenient male flowers that may be detasseled. The 
mother plant must be made male-sterile, unable to produce pollen. Such a rice plant 
– the Wild Abortive cytoplasm – was detected in the wild Oryza rufipogon. Such plants 
could only set seed by pollen sent through the air from father plants. Now, unlike the 
mother, the hybrid itself had to have pollen to set seed. Such pollen fertility restorers 
were also sought and found. By 1973 Yuan had the package in place and hybrids could 
be made and tested. They yielded 20–50% more than conventional rice. The whole 
plant – from roots to seeds – was more vigorous. Through the common effort of 
40,000 people in China’s Hainan Island in 1975 the first hybrids (all indica) were 
produced and tested on a large scale from 1976. Like in maize it took a decade to 
improve each clog in the seed production chain to make seeds affordable for farmers. 
Today, hybrids cover more than 60% of Chinese rice fields and give on average 30% 
higher yields while land has been reduced. The social effects have been vast. It has 
enabled China to feed 60 million new mouths every year, and created 10 million jobs 

Fig. 181. transplanting the rice – 
much water will evaporate before 
plants are able to use it efficiently.  
Foto: IrrI.
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in the countryside. Since 2000 hybrid rice is beginning to take off also in other Asian 
countries (and in the US). An international consortium was formed in 2009 to foster 
sharing and advancement of the technology.

Forward : Approaching the limits? 
One criticism of the Green Revolution has not been silenced over time: Is the Green 
Revolution sustainable in the long run? Is it possible to keep up the current levels 
of production, and then increase to feed the 9–10 billion people likely to be here 
in 50 years? 

These are the questions of large-scale statistics. They are important to ask, provided 
that we do not expect one answer. Today there is a much greater emphasis on a com-
prehensive rural strategy than in the 1960s. The Green Revolution was thought to 
“solve the food problem” (although for Borlaug it was but a way of buying time). Today 
we know it is not one “problem”, but a challenge that needs many, local solutions where 
improved husbandry, better varieties and conducive economic incentives remain 
essential. All of these improvements are needed, as is shown by the growth in China. 
Since the 1980’s a new agricultural policy has had almost as deep an impact on Chinese 
food production as new technologies.193

Then the statistics, factor by factor. From 1960 to 2000 all curves pointed upwards: 
the grain production, the use of nitrogen and phosphorus fertilizers, water and bio-
cides. All lines appeared linear, but imperceptibly inputs increased faster than outputs. 

Fig. 182. rice field being planted 
in Japan. Photo: IrrI.
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Nutrients
Less apparent are the diminishing returns from the inputs. Since 1960 applied nitrogen 
increased 7 times, yet grain output increased only 2.5 times. In other words the higher 
the yield levels, the lower the utilization efficiency. When grains are starved due to low 
nitrogen in the soil, an increase is very efficiently used. If it is abundant, other factors 
such drought, excessive rainfall or disease may prevent plants from using it. Things 
seemed simpler 50 years ago. A field was fertilized. Grains grew and were harvested. 
Today it is important to also consider the pollution of waters and greenhouse gases 
lost to the atmosphere. This is most clearly shown in China, where crops are abun-
dantly fertilized – an average of 243 kg N/ha, against 110 in the US. Still the average 
yields are higher in the US: 6.3 tons/ha against China’s 4.7. The Chinese excess not 
only enters the waterways, but 10–20 percent evaporates as unused ammonia and is 
carried thousands of kilometers further south by the wind. There it fertilizes forests, 
and is also released as the greenhouse gas N2O – a large share of China’s contribution 
to global warming.194

Better resource use is also needed for phosphorus.195 While nitrogen fertilizer  
depends upon the oil or gas supply, rock phosphate is a non-renewable resource that 
comes largely from three sources: West Sahara, China and the USA. That the phos-
phorus supply may “peak” before that of oil, is a fact that is rarely realized. There are 
reserves of phosphorous, as there are of oil. But they are of inferior quality and contain 
cadmium or other pollutants. The good news is that phosphorus is not scarce, if we 
respect its cycle. Local imbalances between animal or industrial fertilizers and arable 
land make plants unable to absorb what is added. Water flush toilets are the other 
major phosphorus leakage. Nearly all the phosphorus in our food is excreted as feces 
or urine. This is an enormous resource that older traditions knew how to make use of. 
In China and Japan such “night soil” was an essential source of fertilizer, praised by 
Victor Hugo in Les Miserables:

Science, after having long groped about, now knows that the most fecundating 
and most efficacious of fertilizers is human manure. The Chinese, let us confess 
it to our shame, knew it before us. Not a Chinese peasant goes to town without 
bringing back with him, at the two extremities of his bamboo pole, two full 
buckets of what we designate as filth. Thanks to human dung, the earth in 
China is still as young as in the days of Abraham. Chinese wheat yields a 
hundredfold of the seed. There is no guano comparable in fertility with the 
detritus of a capital. A great city is the most mighty of dung makers. Certain 
success would attend the experiment of employing the city to manure the plain. 
If our gold is manure, our manure, on the other hand, is gold.

To close the phosphorus cycle demands that feces and urine run in separate path-
ways. This separation is already implemented in some municipalities in Sweden. 
It has been estimated that urine could support two thirds of Sweden’s grain pro-
duction. In the world’s numerous mega-cities Hugo’s advice may have enormous 
benefits for health and water quality, as well as employment through peri-urban 
food production.
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Water
Cereal plants need water throughout the growing season, but how much? The most 
austere cereal may be sorghum, the “camel” of the cereals, which is able to stay  
green and recover after long drought. At the opposite end we find rice, where a recent  
estimate of water use is that each kilogram of paddy rice takes 2.5 tons of water.196  
If we correct this for run off from the terraces, the plants themselves use 1, maybe  
1.5 tons. This is comparable to irrigated wheat in warm countries. In the cool north 
grains are less thirsty. Experiments from Jutland and model calculations indicate half 
a ton of water (500 mm rainfall) per kilogram of grain. We easily understand that a 
drought summer may impact yields quite fast.

It is important to distinguish between using and consuming water.197 The latter 
means water that is lost from the natural cycle due to pollution, salinization or the 
depletion of groundwater or rivers. Little of the Yellow River in China ever reaches 
the ocean, and there is concern for long-term water supplies if the glaciers in Asia’s 
water tower, the Himalayas, continue to melt.

As we consider the literal meaning of the word rivals, rivers are causing tensions: 
between nations (the Nile Treaty regulates the water use in Egypt and Sudan, but  
not in the source country, Ethiopia), inside countries (like in Spain) and between users 
(agriculture vs. industry). Again, large-scale statistics are appropriate:

The annual global fresh water use is around 8000 km3/year, of which 5000 km3 is 
sustainable use. The rest consumption. At least 85% goes into food production, 3–5% 
to households and the remaining 10% to industry.

The 16% of the agricultural area that is irrigated supplies 40% of the food produc-
tion. In spite of a doubling of the irrigated areas since 1960, the area per person has 
declined by 5%.198

The average Chinese can only access one quarter of the water available to the aver-
age world citizen. What is worse, 81% of that water is available in the south, while  
64% of agriculture is in the north. Half of China’s arable lands are irrigated and supply 
75% of the food.199

There are many options for better water use, from the source to better water  
efficiency genes in the plants. However, investments may require that water be given 
a price. For centuries water access has been subject to daily auctions in Oman. The 
creation of fair markets for water and a “water labeling” system for world trade com-
modities will be one of the big challenges before us.

Land
The world of today has about 1500 million ha of cultivated land. This is 12% of all dry 
land (which again covers 25% of the planet). It is assumed that it may be increased by 
320 million ha. The largest reserves are in South America and Africa (Congo, Angola). 
By reallocating 90 million ha of its cerrado pastures, Brazil may add agricultural land 
equivalent to half that of the USA. In the short term, the largest reserves are found in 
Russia and Kazakhstan.

Given a population of 10 billion this means 0.2 ha for each of us – so little that 
further intensification – more from less – is unavoidable. Let us not overlook the  
75 percent of the globe that is water. Aquaculture and marine cultivation are strongly 
increasing, especially for fish species like tilapia, which doesn’t compete for grains or 
fish meal as do the salmonids. The future is just as much blue as green.

The Chinese water shortage is so 
acute that there are plans for water 
schemes vastly exceeding that 
of the Great Canal – as much as 
40–50 km3 per year (or ½ per cent 
of all the world’s fresh water) to be 
brought north.
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These limits all imply that the way the plants – i.e. we – must become better and 
more efficient at utilizing resources such as nutrients and water. Technologies that 
save water are available – it is a question of investment. The farmer needs to tailor use 
to current needs, rather than average recommendations. A precision agriculture is taking 
shape. European farmers are required to plan fertilizer use based on the surveys of 
their soils. Different fields in the same district may vary widely in productive capacity. 
Satellites can discern fine nuances in greenness and plant stands. The challenge is to 
understand enough of the inner life of plants to give practical advice about their needs. 
Is this GPS-based agriculture farfetched? Many poor small farmers in Asia now plan 
their days according to the five-day forecasts they pick up from their cell phones –  
an enormous advance.

More large statistics: we then need to project these limitations to the expected 
needs. The increases in population and increases in the demand for grain-based animal 
products indicate the need for an annual growth of 1.2 percent per year for wheat  
(1.8 per cent in developing countries), 1.5% for rice and 1.5% for maize.200 These 
numbers do not consider the use of maize for ethanol fuel. How can this be achieved? 
The French “world model” Agrimonde has tried to look into the glass ball.201 A business-
as-usual scenario assumes that higher demand for grains and meat will boost production 
and provide a 1.0 % annual increase in grain production until 2050. However, real prices 
will rise by 60–100 percent compared to the record low levels in 2000. Little comfort 
to the no lower numbers of hungry. In an alternative ecological scenario, assuming large, 
but not frightening investments, food prices will rise far less and solve many other cur-
rent issues. A striking feature is the role of periurban agriculture. Even today it supplies 
some 700 million people with vegetables, fruits and meat from garden chickens and 
pigs. The diet is less monotonous and relieves the demands on the grain fields.

As rule of thumb we must envisage a doubling of grain production by 2050, unless 
diets shift markedly in the direction of more plant products. Since agricultural lands 
cannot increase much, the trends point to an ever increasing intensification of food  
production in the decades to come.

Fig. 183. Design of the “new plant 
type” in rice, as visualized by IrrI: 
Left traditional tall rice, center, the 
green revolution type, right, the 
new plant type. Photo: IrrI.

Much work has been done with 
both rice and wheat to design new, 
high-yielding plant types, with a 
further “redirection” of the plants 
towards the harvested parts. In 
order to utilize light, water and 
nutrients as well as possible under 
favorable conditions, an “ideal” 
rice should have:

– Erect and short leaves that do 
not shade their neighbors
– A short straw with large spikes, 
– No unproductive tillers,
– A yield potential of around 
15 tons/ha, as compared to the 
current 8–10 tons. 

The need for water is closely tied 
to meat from grain-fed animals. 
Cautiously calculated, it takes 4 
tons of water (a thousand gallons) 
to produce 1 kg of prime uS beef. 
The animal will need 145 liters to 
slake its thirst. The rest is used to 
produce the grain. For comparison 
a North African ox may do with 
this amount plus dry straw on top.
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At the same time vast areas are lost to soil erosion, desertification or “develop-
ment”. China has 22 percent of the world’s population and 9 percent of the arable land 
– 0.106 ha per person, against the 0.236 world average.202 Although production con-
tinues to increase, the most precious hectares decrease since the periurban areas are 
getting “developed”.

Have grains reached their maximal productivity? 
So far the scarcer access to external resources like land, fertilizer and water, but what 
about the inner life of plants, the genes?

Let us be reminded that the “right” genes depend on the environment, what we call 
adaptation. In all the complaints about pollution from agriculture, little attention is paid 
to how plants have improved. In industrial countries environmental levies and falling 
grain prices have led to a stagnating or even decreasing use of fertilizers. Still, yields have 
increased! We have firm evidence from maize in Iowa, winter wheat in England or bar-
ley in Central Norway203 that new varieties use inputs better than old varieties, although 
we don’t quite know how. There are genes that make roots go deeper and wider in order 
to take up nitrogen or phosphorus more efficiently. Newer maize varieties are much 
better able to use available water. Around 1930 (and in many poor countries today) a 
stand would count thirty thousand plants per hectare, today from eighty to one hundred 
thousand plants are common – and with much higher yields. Maize plants have become 
much more robust and competitive – adapted to intensive cultivation.

We are back to the inner life of plants. What determines how high yields are achiev-
able in the best of environments? This ‘yield potential’ of course exceeds any current 
average. Somewhere in between we find what may be practically achieved, such as with 
irrigation, under good conditions in exceptional years or in experimental fields. The 
goal of any agricultural research is to lift the achieved averages to the level of the 
achievable, whatever that “potential” may be.

This was exactly what happened during the Green Revolution: a steep curve in 
the pioneering years up to 1980, where the genes for dwarf stature, resistance to rust, 
etc. came in place. The shorter straw was not only a mechanical change to help plants 
stand and facilitate combine harvesting. Erect plants utilize light much better, and the 
resources from the shorter straw were redirected into more grains per plant. The early 
stages of an ear develop at the onset of stem elongation, long before it shows its green 
head. Such areas of growth – named meristems – compete for the resources created in 
photosynthesis. A less demanding straw meant more resources available for the grow-
ing ear. The total biomass increased little, but the harvest index – the part of it that is 
grain – increased from less than 30% to more than 55%. The grains did not become 
heavier, but more numerous. In other words, there was a transfer from stems to ears 
and seeds harvested per hectare. 

We find the same picture in other parts of the world. The Green Revolution was 
a major leap, but it has slowed down. The first major rice variety IR-8 (from 1966) 
had a yield potential around 9–10 tons/ha. This is comparable to varieties released in 
1997.204, 205 The more recent varieties are tougher in adversity – drought or diseases, 
otherwise, the progress is limited. The average yields in Luzon – where IRRI is located 
–increase by some 0.6 per cent per year and range between four and five tons – around 
half of what is achievable. 
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In Africa, south of the Sahara the grain yields increase a bit more, by 0.8 percent 
per year, but this is from an average of merely 1.6 tons. Realistically achievable yields 
would be at least three times higher.

In contrast, look at winter wheat in the UK. The average yield is currently around 
eight tons. The potential is around eleven – and it is a moving target. Both of them 
increase by 0.6–0.7 percent per year. Figures from Denmark and Germany indicate 
that plants may do better than they are permitted– practical yields have stagnated.

The major exception to this slowdown is maize. Here the growth in yield is  
due to more plants per unit area, i.e. more biomass, as well as a higher harvest index.  
Currently yields in Iowa increase by two percent per year and average 10.5 tons/ha, 
and they are approaching the achievable 13 tons.

In other words: Where the conditions for high yields are best, do the best crops 
“scratch the ceiling”? Or do they merely show that investments are high in Iowa and 
absent in Africa?

Let us remember that investments in agriculture – especially long-term research 
– have stagnated or declined since the 1980s. A plateau is to be expected, similar to 
the lack of progress in Swedish oats during the first part of the 20th century. In contrast 
there have been continuous investments in UK winter wheat – better varieties, better 
husbandry, and more skilled farmers. Iowa is the battleground between the three great 
breeders Monsanto, Pioneer and Syngenta. Together they spend three million USD 
per day on research and the development of maize. There are no public programs that 
come near such levels.

Yet, there are good reasons to ask which roads to take next. If we look towards the 
sky – sunlight – there is little to indicate that we are “touching the ceiling” of photosyn-
thesis. From the available light energy we may expect rice yields around 15 tons/ha, 
twice the current top yields. In Iowa farmers who compete for the annual record corn 
yields take 16–22 tons/ha, twice the state average.206 The reason for the higher theo-
retical potential in maize (and sorghum and sugar cane) is the more efficient photosyn-
thesis of so-called “C4-plants”. Because of a different anatomy they utilize CO2 and water 
more efficiently than “C3-plants” – wheat or rice. It is still but a proposal, but the ability 
to move the genes that achieve this from a C4 to a C3 plant, is being pursued.

 Had plants captured all available photosynthetic light that reaches the ground, 
they would have yielded twice the current records, and four times the current averages. 
This can only happen in short periods and under the most favorable conditions. One 
simple reason is that there are too few leaves. During that period from sowing until 
the ground is covered, much of the strong sunlight is “wasted”. Hence, sowing in 
autumn, or as early as possible, has a large advantage. In Iowa maize is now sown nearly 
two weeks earlier than before, due to genes for cold tolerance, as in the European 
maize. The Chinese success with hybrid rice is largely due to a faster juvenile growth 
and ground coverage and deeper root system. Hybrids between indica and japonica 
are yet more productive and have recently become possible through a gene that 
restores the usual sterility between the two. 

Much work has been done with both rice and wheat to design new, high-yielding 
plant types. It has taken time to develop this plant, and in IRRI it still does not exceed 
the Green Revolution type. The Chinese Super Hybrid Rice program seems more  
successful. Still we see advances. By empirical selection for higher yields recent varie-
ties do have more erect leaves. They do utilize light and nutrients better. They do grow 
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faster and store more carbohydrates in the straw for later use. They do produce more 
grains, which stimulate the capacity of the leaves to supply. These are statistical rela-
tionships that are decided more by the plants themselves than by our conscious 
“design.” We still know too little about the inner lives of real plants. Just like the hybrid 
success in maize and rice, facts may precede explanations. 

Independent of “official” rice research the system of rice intensification was devel-
oped in Madagascar in the 1980s by the Catholic priest, Henri de Lelaunié. Rice yields 
doubled, and even exceeded the reported maximum of IRRIs most recent releases.207 
According to this method rice should be planted at a younger stage and individually, 
rather than in hills (bundles). By a careful irrigation without standing surface water 
and with manure, roots are better developed. In sum, the expenses for fertilizers and 
seed go down and labor costs go up. Through grassroots organizations this method 
has been widely spread in Asia. Researchers in IRRI have not been able to show higher 
yields than in “normal” high yielding conditions,208 apart from in the special soils in 
Madagascar – in itself no little accomplishment from informal research done at the 
rice roots.

Climate changes – can we adapt the crop plants?
The term ’climate change’ is often used synonymously with global warming – but since 
we are at the mercy of plants on Earth, it may do well to see things from their angle: 
an increase of CO2 in the atmosphere. Reliable data from Mount Mauna Loa in Hawaii 
tell us that since 1950 the concentration of CO2 has increased from 315 to 390 ppm 
(”pars pro million”, i.e. thousand of a per mille), nearly 24 percent. In old glaciers the 
concentration ranges from 200–300 ppm. 

The concentration of CO2 is today too low to allow C3-plants to fully use the 
sunlight, and those plants respond promptly in experiments. An increase in CO2 in 
the atmosphere acts as a fertilizer. Experiments in wheat, rice and soybean point to 
yield gains of 20–40% upon the doubling of CO2.209 Since plants can more easily access 
CO2 they do not need to lose as much water through wide open stomata. In other 
words, they produce more from the water they use. So, looking back on the growth 
in grain production in the 20th century, maybe we  need to share some of the credit 
with the atmosphere. 

There is not room here for discussing how accurately the global climate models 
predict crop yields. However, like us, plants will need to integrate the overall effects, 
not just those directly linked to CO2. An indirect effect is that the warming of the 
atmosphere leads to more evaporation of water. This is most felt where the relative 
humidity is low – around the poles and in our northern winters. For temperate cere-
als, photosynthesis is most efficient around 20–25º C. Beyond this temperature range, 
growth will be too fast for “putting on weight” and using the full growing season.

In northern latitudes we may be most concerned with warming moving north. 
Maize is already an important crop in large parts of South Scandinavia, and barley 
cultivation is having a comeback north of the Arctic Circle and in Iceland. In such 
areas we may easily envisage that higher CO2 and higher temperatures may support 
or even reinforce one another. 

However, this may not be the case under other skies. A study of rice yields at IRRI 
from 1979 to 2003 show a 20% decline in this time period – despite the increases in 

Should the Chinese use as much 
milk products as the European, 
the country would need 80 billion 
liters more milk every year. Soy 
milk (an invention from the Han 
Dynasty about 200–100 BC) 
today supplies one third of the 
milk in China, but soy production 
is already insufficient. School 
children in two poor districts in 
Beijing drank the Swedish oat 
milk Oatly (with vitamins A and 
D added) every day. They liked it, 
their health was improved and  
they drank fewer softdrinks. Oats 
may be grown in today unused 
lands in the north. Oat milk  
would need 59% less water, 66% 
less land and emit 73% less green 
house gases than cow milk.
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CO2. Since nights have become 1.1 °C warmer, plants use more for respiration,210 
which outweighs the gains from photosynthesis. 

Next we need to consider which fluctuations plants can tolerate. An Arctic midnight 
sun may mean an early frost spell – the dread of more than Paavo the Farmer. The 
extreme heat in France and Italy in 2003 was one of the worst climatic disasters in 
recorded European history, but the yield losses in maize of 30 percent, of course, 
received less attention than the tens of thousands of people who succumbed to heat 
shock. Models predict that such extreme heat spells will become more frequent in 
key production areas, as happened in the granaries of the Indian Punjab in 2008. What 
is more, plants may become more sensitive to higher temperatures under higher CO2. 
When water streams through plants it cools the leaves through evaporation. If less 
water is needed to capture CO2, canopy temperatures may approach the open air. This 
may particularly affect pollen and seed formation. Rice that flowers at dawn by a gene 
from the wild rice species Oryza officinalis, may avoid this.211

A more diverse agriculture
It is already noticeable in a number of crops that plant diseases may thrive in a  
warmer north. Combined with fluctuations in the weather, this will make it harder 
for farmers to choose appropriate varieties or cultivation methods. This may call  
for a revision of one of the major assumptions in the 20th century agriculture – that 
larger means better. Monoculture – to grow one crop or even one variety over vast 
areas – has many advantages. It simplifies production, plant husbandry, harvesting 

Fig. 184. Barley field in Vind-
heimar, Iceland. The barley  
acreage in Iceland has increased 
more than tenfold the past  
20 years. Photo: Jonatan Hermansson.

As a note of encouragement,  
we may revisit the stories of  
Red Fife and Turkey wheats. In  
the early 1800s the Great Plains  
were called The Great American  
Desert, but tough plants (and 
settlers) from similar areas in 
 the world made it The Great 
American Bread Basket. Based  
on them, further breeding 
expanded the wheat areas of  
North America into climates  
that were far colder, warmer  
and drier than those expected 
through global warming.212  
In other words it is possible to 
make plants both productive  
and robust – if we utilize the 
available diversity. Fortunately  
this is starting to happen.
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and marketing. However, with more unpredictable seasons it is a high-risk scenario. 
Based upon selling “diversity” – more vegetable species and varieties, more apples 
and fruits – organic agriculture is becoming a significant force. But what about the 
grains that are less on display in the stores? 

Here, too, changes are under way. Smaller bakeries, mills, and breweries want their 
specialty grains or have them locally produced. New seed companies supplement 
markets or crops where large companies are too big. Behind the scene the large play-
ers are also adjusting. Pioneer now breeds hybrids of maize that are adapted to smaller 
areas – to find the one which will be no. 1 everywhere is no longer target no. 1.  
General Mills, whose Cheerios fills one of 10 breakfast cereals boxes sold in the USA, 
buy all the oats inside those boxes from a rather limited area in Canada. 

A number of trends, therefore, point towards greater diversity in food production, 
but not with old-fashioned methods. We saw that the use of one resistance gene against 
stem rust over vast areas was an invitation to epidemics. In the 1980s the former East 
Germany (German Democratic Republic, GDR)213 tried one of the largest experi-
ments in the history of agriculture. In 1978 their breeders had released a malting 
barley variety with the proud name Trumpf (Triumph). It was first class – except that 
it quickly succumbed to powdery mildew.  The GDR had little foreign currency,  
so instead of turning to vast imports of fungicides, they turned to an English plant 
pathologist, Martin Wolfe. For years he had experimented with variety mixtures for 
a way to control this disease. If plants in the same field differ in resistance, one race 
may thrive on one plant, but not on a neighbor. Hence, many spores will try to infect 
the “wrong” plants, which then will be partly immunized by the visit.  Different races 
of the fungus will survive, but they will multiply more slowly, possibly slow enough 
to avoid an epidemic. The GDR implemented this technique on their entire spring 
barley acreage – a total of more than 0.3 million hectares. The results were striking. 
In the early 1980s on average 50% of the leaf area in a barley field was infected. In 1989 
the infection rate had fallen to 5–10%. With this sort of biological control, mildew 
had been reduced to a minor disease. 

After the German reunification in 1990, this practice was abruptly stopped and 
monoculture of varieties and fungicides swept in from the West. The breweries 
refused to buy mixtures of barley, only pure varieties guaranteed a good malt. The 
irony was that they had purchased barley and malt from the GDR mixtures through-
out the 1980s without complaint. The ideal of uniformity was stronger than the 
biology. 

In rice there are strict consumer demands for taste and culinary properties.  
Monoculture has been practiced for millennia, with a large diversity of varieties.  
They have not been mixed, but have been harvested and marketed separately. This 
system was the basis of a very successful experiment in the Yunnan province in China, 
using diversity to control the disease rice blast 214 has become ever more serious  
in China. The numerous genes for resistance have all proved short lived. In 1997 
researchers from the Agricultural University of Yunnan initiated an experiment with 
farmers in Shiping County. The dominant varieties were hybrids of indica, but the 
favorites were the traditional sticky (glutinous) rices – all, alas, susceptible to blast. 
At the suggestion from farmers, one row of traditional rice was planted for every four 
rows of the hybrid. The result was very promising: The disease was reduced by 90%, 
and the yield of the traditional variety tripled, compared to monoculture planting. At 
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the same time the yield of the hybrid was unchanged. In total they got 11.1 tons/
hectare, against 9.6 tons for the hybrid alone. Together with the higher price and less 
fungicides, the farmers did very well. From its tiny start at 0.07 hectares in 1997 the 
idea took fire in the rice fields, reaching 1.4 million by 2004. A main reason for the 
disease control was that the older variety was 35–40 cm taller. This made the dew dry 
too quickly for spores to be successfully established 

One side effect was that other old varieties got a new flush, so the diversity 
increased both in fields and markets. In Yunnan such mixed cropping has extended 
to different species, such as alley cropping maize and tobacco in the same area, or 
maize and potatoes. The different sowing times and plant heights give up to 80 per-
cent more per unit area. A key to success is to have a diversity of modern varieties 
with a broad disease-resistance in the mix. Using good mixtures is not a Stone Age 
strategy.

The Yunnan farmers were not passive recipients of a technology invented by  
distant researchers. They were participants. Such methods have spread in many areas. 
A famous example is Integrated Pest Management (IPM), an out-of-wedlock child of 
the young Green Revolution. When new rice varieties like IR-8 were attacked by the 
insect brown plant hopper, farmers were encouraged to use (strongly subsidized) 
insecticides. So they did: In 1985 more than 90 percent of South East Asian rice 
 farmers used them, but with mixed benefits. Breeders built resistance genes into new  
varieties, but also to limited avail.

In IRRI the American entomologist, Peter Kenmore,215 noted that the insecticides 
also ousted the natural enemies of the plant hoppers. Did the medicine cause the 
disease? However, in order to count on the presence of natural enemies, people needed 
to be trained to count them. By 2000 more than 2 million Asian rice farmers had 
attended farmers’ field schools. Although a mere one percent of rice farmers, the 
impact reached much further. Indonesia saw three major outbreaks of plant hoppers 
from 1977–87, but since IPM was introduced and insecticides no longer subsidized, 
it has not happened. Beside the saved expenses and fewer professional health hazards, 
net outputs increased. In Bangladesh the removal of insecticides enabled a very  
profitable co-cultivation of fish and rice. This, again, shows that the real measure of 
productivity is the total output per area, not merely the grain yield.

IPM has spread to most parts of the world, and participatory methods have also 
been successfully used in plant breeding. Dr. Salvatore Ceccarelli, who worked in the 
international center ICARDA in Syria, realized that farmers were keenly interested in 
improving their lot through better barley varieties. However, since environments were 
so diverse and failures so frequent, they needed something other than those selected 
in more fertile research stations. Farmers became agents of their own development 
by getting involved.

A diversity of genes
Where do we get the genes needed for a diverse agriculture? The answer is: the same 
sources we have used for a hundred years. May they not go empty? Hardly. It may take 
some effort to put them to use, but in recompense there are abundant treasure-troves 
in so-called gene banks, and, in a worst case, frozen within the mountain in the high 
Arctic at Svalbard Global Seed Vault. Some gene gems from rice may show this.

Fig. 185. Brown plant hopper 
(Nilaparvata lugens), an important 
pest in rice during the first years  
of the Green revolution.  
Foto: Sylvia Villareal, IrrI
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As mentioned, rice has adapted to a wealth of environments. There are varieties 
adapted to glacial ice water and others to brackish waters in low-lying deltas. Such 
niches, though large in areas and population, have benefited less from the highly  
productive varieties of the Green Revolution. Indeed, with lower prices and  
more expensive inputs, farmers in these disinherited areas may be worse off. In recent 
years molecular genetics, in hand with more precise testing, have identified a number 
of factors that allow rice to adapt to less welcoming environments.

In low-lying tracts along the oceans salt water encroachment may make rice  
cultivation impossible. Along the coast of Kerala, however, farmers grow rice in a 
rather unusual rotation: Once the paddy is harvested, it is used for raising shrimps. 
Local varieties, such as Pakkali, can tolerate this crop rotation. By molecular mapping 
Dr. Susan McCouch has identified a factor on rice chromosome 1, called Saltol.  
It makes the seedlings salt(t)olerant. This knowledge makes it much easier to introduce 
the gene into more productive varieties to be used in places such as Bangladesh,  
which has vast areas of saline rice paddies.

In the Bengal we also find another fascinating rice type. In a normal paddy the 
water level may be 5–10 cm, but during the monsoon it will rise to several meters. 
So-called flooding rice has the ability to elongate with the water and keep the panicles 
above water, while leaves float on the surface. Once the water recedes, such a long 
straw will, of course, collapse, but the panicle part can lift up a bit. Once the land dries 
up, the rice harvest can begin (although, in a worst case scenario, it is done by boat).

Sudden floods that immerse plants for up to two weeks are a tough treat for  
modern rice varieties. Yet some landraces have learnt to cope with such events. 
Researchers at IRRI have identified the gene Submergence 1 (Sub 1), which is respon-
sible for this216 (fig. 187). Crossed into the modern variety Sharma it allows half  
of the normal yield, whereas the “old” Sharma simply drowned.

Stories like Saltol and Sub1 do not indicate that progress has come to an end. 
Cultivated rice has untapped gene sources. It is likely that only 10–20 percent of the 
variants present in the wild ancestor Oryza rufipogon exist in cultivated rice. When 
farmers at the dawn of agriculture preserved their non-shattering or white seeded rice, 
they also created a genetic bottleneck where useful traits were left behind. When we 
search with today’s tools, Oryza rufipogon proves a trove not only for disease resistance, 
but for unknown genes that may boost productivity. Once in a cultivated type of rice, 
certain wild chromosome segments may lift yields by 20 percent, for reasons we  
do not yet know.217 Until crossings were made and tested there was little from the 
appearance in the wild plants to promise such boons. 

Similar cases are found in wheat. In the early 1980s the CIMMYT variety Veery 
gave yields an unexpected leap. It had a chromosome piece containing stress tolerance 
genes from rye that replaced a similar partner in wheat. Today this “hybrid chromo-
some” is found in hundreds of varieties wordwide. 8000 years ago wheat has also had 
its own bottleneck, when durum or emmer was visited by goat grass. This may have 
happened a few times, but CIMMYT has now repeated it a thousand times to  
make “synthetic wheats”. They now trickle their genes into new varieties. Such cases 
show the value of wildness also for crops.

Fig. 186. The effect of the gene 
Sub1 in rice trials, where the plots 
containing it have emerged alive 
from the submergence. Photo: IrrI.

Fig. 187. Genetically modified 
barley plants in the greenhouse 
of orF Genetics in Iceland. Each 
plant produces a human medical 
protein such as growth hormones. 
The quality and purity is better 
than in similar products from 
bacteria or yeast.  
Photo: Kristjan Maack/orF Genetics.
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The potato – #3 on the menu after rice and wheat
During the past 50 years the potato has risen to global prominence, without publicity 
or Green Revolution. The potato is the world’s fastest growing source of food today, 
especially in the tropics. The reasons are that it is high in calories, rich in nutrients 
(protein, vitamins, trace elements) and it grows quickly. Since 2005 more potatoes 
are grown in the tropics than in temperate areas, and it has the potential to increase 
even more. In large parts of South East Asia potatoes are grown in the rice paddies 
during the cool and dry part of the year. Two crops of rice, are followed by one of 
potato. In the past decade China has boosted its potato crop by 50 percent.

This has come about through better control of the many diseases that tend to 
hitchhike with the tubers. To avoid this, in many tropical countries potatoes are 
grown from true botanical seed. Furthermore, the wide genetic diversity of wild 
potatoes has been put to use. Genes for resistance to many pests and diseases have 
enriched the old crop. By the traditional means of crossing, however, this is very 
time consuming, and may take decades. Potato eaters are a discriminating lot and 
they want tubers that taste and look like they “should”. What they don’t see is that 
breeders have to fulfill dozens of demands. Only one in a million genotypes may 
ever come on a table. Once there, people may still prefer old heirloom varieties. 
Many Swedes cherish the century-old Bintje, which has to be sprayed a dozen times 
during a season against the country’s most serious plant disease, late blight – in fact 
50 percent of all the fungicides are used for one percent of the agricultural land! 
Besides, there are no really resistant varieties, only shades from grey to black. An 
(apparently) universal resistance to late blight found in the wild potato Solanum 
bulbocastaneum, has now been transferred by genetic engineering.218 No wonder 
that breeders look seriously at such transgenic potatoes in order to maintain the 
good old Bintje with one or a few genes added. We should not at all assume that it 
“solves the blight problem”, but would it not be an added option to make potato 
production (literally) more “green”?

Genetic modification (GM) and molecular plant breeding
Although Mendel’s principles made a huge practical impact, the gene remained 
elusive. What was it, physically speaking? An 1953 a great turning point came at the 
publication of the famous, double-helix model of the DNA molecule. All lines point 
towards it, and from there they all radiate. During the 1960s molecular biology came 
into shape. The gene was a stretch of DNA sequence, first being read (transcribed) 
into RNA and then translated into its active product, the protein. Each gene, gross-
ly speaking, had “its” protein, and the translation from one level to another has its 
grammar, a Rosetta stone with miniscule, but readable print. And it was the same 
in all organisms.

The double thread explained how the substance of heredity could replicate itself 
from cell to cell and generation to generation. The way DNA renewed itself, and pro-
tected itself from copying errors, revealed that bacteria could recognize and destroy 
foreign DNA by cutting it with “restriction enzymes”. Researchers in the early 1970s 
used them and managed to fuse DNA from different sources into “hybrid” molecules, 
which previously was only achievable by sexual propagation. It soon turned out that 
DNA from widely different organisms could be “cut and pasted” in this way – human 

Fig. 188. Genetically modified 
barley is transplanted in tissue 
culture in the laboratory of  
orF Genetics.  
Photo: Kristjan Maack/orF Genetics.
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or plant genes could thrive in bacteria, and insect genes in plants. To make a short 
story even shorter, by 1983 the first genetically modified (GM) plant was reported.  
The key was a naturally occurring bacterium, Agrobacterium, which infects plant cells 
by inserting a piece of its DNA into that of the host plant and creates tumors (galls). 
By designing its DNA in ways that serve us, the bacterium becomes a syringe that 
injects DNA into the plant cell. During the decade that followed, species after species 
were genetically modified or made transgenic (genes transferred horizontally between 
current organisms, not vertically between generations). In the cereals we are still not 
able to achieve this in any variety. This is because the method requires cells to be 
cultivated in sterile medium (tissue culture), where usually only a few genotypes are 
cooperative. Next the “raw” transgenic plants must be screened to see if the gene 
works, if it is stably integrated and it does not upset the function of other genes. Most 
often one “transgenic event” is chosen and crossed – in (almost) the traditional way 
– into the variety where we want it to be. This “polishing” will take 1–3 years. Then 
come 3 to 6 years of testing for agronomy, as well as for possible risks to the environ-
ment or the health of consumers. With this stack of papers the breeder may apply for 
release and market it. This happens in the USA, whereas very few European countries 
have accepted such plants to be marketed and grown at all.

The first GM variety was marketed in the mid 1990s. By 2011 such varieties were 
grown on 160 million hectares in 29 countries, the largest being the US, China and 
Argentina. In one decade GM corn and soybeans began to completely dominate in 
Iowa. In some provinces in China GM cotton went from 0 to 100 percent even more 
quickly – from 1996 to 2002. The dominant GM crops are soybeans, maize, cotton, 
rapeseed and sugar beets. More than 80 percent of the cotton and 70 percent of the 
soybeans on the world market now come from GM plants. The rate of adoption at 
least matches that of the Green Revolution.

What has made 16.8 million farmers in quite different walks of field accept a  
technology that Europe considers with utmost skepticism?

Fig. 189. roots of maize with 
and without Bt-resistance to root 
worm. The intact roots also make 
the maize more tolerant to drought
Phoro: Pioneer Hi-Bred.
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Let us first look at the new genes they contain. Varieties resistant to herbicides 
made up 91 percent of the GM soybeans and 70 per cent of the maize and cotton  
in the US in 2007. They either make plants insensitive to the herbicide (such as 
RoundUp-Ready, RR, against the compound glyphosate or RoundUp), or they make 
plants break it down. Such genes have been isolated from fungi or bacteria.

As second comes resistance to various types of insects, since plants produce  
a so-called Bt toxin, a gene originally acquired from the soil bacterium Bacillus thur-
ingiensis. It has been used as an insecticide in organic production for over 50 years. 
The toxins destroy the guts of insects where the pH is around 9. In mammals (with 
pH around 1) they are quickly inactivated. Different toxins are specific against certain 
groups of insects, and the natural ones have been engineered to target new groups or 
for higher potency. In 2007 59 percent of all US maize and and 49 percent of cotton 
had Bt genes. The so-called Triple Stack maize has three transgenes: it is RoundUp-
Ready and produces two Bt proteins. The first protects in stems and leaves against stem 
borers, th second the roots against root worms. There are higher corn stacks with four 
or five transgenes in the pipeline. 

With this the list of “first generation” GM crops is more or less done.
Why is it so short? One reason is that these genes were known 25 years ago. 

 Only in 1995 was the first disease resistance gene identified in plants. Apart from 
virus-resistant papayas, no GM crop has had practical impact until now. But there may 
also be a deeper reason: an herbicide or Bt-proteins is like a small part added to the 
“body” of a plant, while the “engine” is unchanged. To get a new gene to integrate and 
function in a fine-tuned whole, is much more demanding. As we saw with QPM maize, 
mutations will often have unwanted side effects, which take time to be overcome.

But there are many genes in process and under trial, and results will probably  
come. One of Monsanto’s recent transgenes is a bacterial gene that makes maize more  
tolerant to drought. Although many genes are involved in this, even a gene that 
improves tolerance by 10 percent may have a large value. In fact, the Bt-protein used 
against root worm has a yield benefit,219 by preserving the root system, making plants 
less susceptible to drought (fig.189).

But wait! Until now such plants have not been allowed in most European coun-
tries. How come? Why are they so controversial? Let us examine this through the case 
of the golden rice.

The golden rice220

This story contains all the elements of good popular science: Altruistic researchers, 
who intended to serve the poorest of the poor, malicious bureaucrats, corporate  
interests and environmental activists, or we could identify them with the opposite 
adjectives. The star is professor Ingo Potrykus, biologist in the Technical University 
in Zürich, Switzerland. He is the academic who wanted to make a difference, and prove 
that GM could be of service to human kind, especially where corporate interests would 
show little interest. In Asia, where people get up to 70 percent of their daily calories 
from rice, diets are severely deficient in vitamin A, often only 30 percent of the daily 
recommendation. This leads to impaired immune systems and on a global basis at 
least twice as many deaths as malaria.More severe deficiency make one quarter of a 
million people become blind every year due to lack of retinol pigment in the eyes. 

Fig. 190. Poster from Greenpeace, 
who quickly calculated that since 
the content of vitamin A in the 
golden rice was very low (with the 
daffodil gene ca. 1 mg/g), a two 
year old child would have to eat 
three kg a day and a breast feeding 
mother six kg. Since the gene from 
maize is more efficient, this is now 
history. Photo: Greenpeace/Nartea
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Could this be alleviated by adding vitamin A to the rice by GM? Let us first agree that 
the best solution would be a balanced diet with ample amounts of fruits and greens. 
Vitamin A (or, to be correct provitamin A, which becomes active in the body) is the 
color in carrot, hence the name, beta-carotene. But many are too poor, and on the  
way, is something good the enemy of what would be better? And scientifically, is it a 
realistic proposal?

Rice has vitamin A in its green parts, but the genes are turned off in the seed. Since 
activating them was completely unrealistic, the option was to introduce at least three 
genes. They would have to be added as a group into rice cells and plants grown from 
them that expressed all three genes in their grains. The genes were picked from various 
available sources, as shown in fig. 191:

Remember that a gene has a start button (promotor) telling the transcription 
enzyme where to start, then the protein code itself, followed by a code telling “stop”. 
In the first Golden Rice gene the Glu promotor comes from rice. It not only says “Start 
here”, but also that this only happens during grain filling. Next, SSUcrtl is a synthetic 
gene, constructed from one in the bacterium Erwinia and a fragment from pea. Last, 
nos is a stop signal taken from Agrobacterium.

Fig. 192. Normal and golden rice. 
The upper picture shows the first 
golden rice, with bright yellow 
color from daffodil. This gave 
relatively low levels of vitamin 
A. Below the rice to the right is 
orange yellow because the gene 
from maize is more efficient.
Photo: Golden rice Humanitarian  
Advisory Board, www.goldenrice.org.

Fig. 191. The genes behind the 
Golden rice. The construct is 
composed of three genes. See 
text for explanation.

Gene number two start and stops (Glu and nos) are as mentioned, but the central 
piece is the gene Zm Psy, phytoene synthase, which makes the corn seeds yellow  
(i.e. vitamin A).

The last gene is a helper for identifying cells that have received the two first genes. 
Ubi is the promotor, nos as before. If we feed the cells will the rare sugar mannose, 
they need the pmi gene to survive. Normal cells will die of starvation.

 The recipient was the rice variety IR64, which besides being an immensely  
popular rice cultivar, is also amenable to GM procedures. The new made plants were 
normal, the genes were checked to be in place and they worked together, despite their 
widely different origins. After seven years of research the golden rice was a scientific 
sensation that aroused huge international attention – both praise and blame (fig. 190).

To increase the content of vitamin A different genes were tested. It turned out  
that the first Psy (yellow) gene from daffodil was not very efficient in rice. The same  
gene from maize (and rice, once identified) multiplied the content of vitamin A – up 
to 37 mg/g. The vitamin A in rice was efficiently absorbed in th body, and at a level  
of 3.5 mg/g in cooked rice, 100 g/day for an adult and half for a child would cover  
the daily need. “Golden” variants are now being developed in rice varieties grown  
by poor people in a number of Asian countries, the first will most likely be marketed 
in the Philippines in 2014. Combined with a gene for ferritin, a natural source of iron, 
the two genes may interact favorably: a minor increase in vitamin A may double  
the uptake of iron.
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To GM or not to GM?
But why should this be so controversial? In discussions genuinely opposite points of 
view are often confounded with mutual misunderstandings. Broadly there are three 
types of objections:

GM is ethically wrong. “Tinkering with Nature/ Creation” is human hubris. It 
makes us believe we are the lords of nature, blatantly wrong in an age when it reminds 
us of our limits. Food is more than calories and vitamins, especially to mix genes from 
entirely different organisms, like in the Golden Rice.

GM is risky and dangerous. The genes may spread in Nature in ways we cannot 
foresee. New proteins in food may give unknown allergies. We do not know enough. 

GM serves only the rich. As with medical drugs, GM research is performed by 
big corporations for the benefit of the rich, not those who most need the research. 
The tendency towards large-scale farming with all of its environmental problems  
will be aggravated. Through proprietary technologies the corporations may come to  
control our food supply.

The first objection merits attention, except that we have already “tinkered” rather 
considerably with our domesticated plants through the past 10,000 years? Does not 
the common DNA-language show that Nature is a whole, and its parts are not as 
utterly alien as they may appear? Besides, how can “golden” or “iron” rice – if they hold 
promise – compromise the “dignity” of rice?

The second objection is also substantial, were it not that the word “risk” means 
different things to adversaries and proponents, and no one tends to know. Those who 
are for GM use, tend to ask for calculable risk: Can the GM pollen spread, and how 
far? Is the Bt-protein an allergen? For grains that have no wild relatives outside the 
Middle East and are self-pollinating, its pollen may fly a few meters at most and  
vanish. For GM rapeseed, however, bees may take the pollen much further. If  
the neighbor’s farm is organic, a border crop will solve the issue (in EU-lingo called  
“co-existence”). Rules for releasing GM crops should take care of most such risks.

Another calculable risk is that of herbicide-resistant weeds. It does not take a very 
long drive in the US Corn Belt to observe that RR corn is a frequent weed in RR 
soybeans. Grains survive the winter in the soil, germinate and survive the RoundUp, 
so that farmers need to occasionally mix in a second herbicide.

The GM skeptics, however, tend to associate risk with the unforeseen, incalculable 
uncertainties, and surprises such as Mad Cow disease. They will invoke the precau-
tionary principle, so however improbable the calculated risk, it does do not convince. 
Then proponents shake their heads, call the green freaks “irrational” and scorn the 
ignorant who demand “no genes in our food!”

This leads us to the third objection, the conflict of interests. Who is served by GM? 
Often it is the industry who has made the safety assessments. Where is independent 
research? At this point many scientists tend to tread quietly, since they are often spon-
sored by industry (usually demanded by agencies that provide public funding). This 
is not all. When you buy GM seed (or formally, “license the technology”), in the 
signed contract, you cannot use them for research, and if you do, the provider must 
accept the results before they can be published. In 2009 an editorial in Scientific  
American demanded the removal of this clause.221 Roger Elmore and colleagues at the 
University of Nebraska compared soybeans with and without the RR gene and they 
found that the latter depressed the yields by 5 percent.222 The university was under 

once I had lunch in the small 
town of Gothenburg, Nebraska 
on the I-80, I happened to visit 
with a farmer who had come to 
town for food and company. He 
grew corn for nachos, special 
varieties, and I asked, “Are they 
rr?” He looked astonished and 
replied “yes, but how on earth do 
you know about that?” I explained 
my profession, and he said, “No 
Americans outside the farms have 
a clue about how their food is 
made.” So one may ask, which is 
to be preferred: a some what mis-
informed European public, or an 
uninformed American?
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heavy pressure not to publish this result, but the study was printed. In 2006 Monsanto 
indirectly confirmed Elmore’s results when they replaced the original RR-transgene 
with a new one. Such cases are quickly picked up by the public. Are those who should 
be telling us the truth in corporate pockets? The neo-liberal wave of the past 20 years 
has sold-out the critical role of public research in order to serve the “common good”.

The molecular biologist, Richard Jefferson, describes this breach of confidence 
very precisely: The controversy around GM appears to be a scientific question, but it is a 
question of failing confidence in science. It is no surprise that industry wants to gain back 
its investments, but what about the issues they do not address? Nowhere can we see 
this crisis of confidence as clearly as in the question on patenting life forms and genes.

The key: Access to diversity
He that withholdeth the corn, the people shall curse him;  
but blessings shall be on his head that selleth it.
      Proverbs 11.26.

When out of enthusiasm, Ingo Potrykus wanted to offer golden rice for use, he 
bumped into restrictions. Both methods and genes he had used had patents strings, 
a total of 70, which belonged to 32 owners, each with a potential claim on a share of 
the value-added. This seemed to be an enormous paper work for a researcher, but with 
aid from the Rockefeller Foundation he obtained licenses and freedom to operate. 
The condition was that poor farmers (defined as less than $10,000 US annual income) 
should be free to use this rice. Industry also foresaw a favorable image with such 
generosity. So all was well?

Fig. 193. the Green Smithy, the 
greenhouse of orF Genetics –  
a landmark when arriving by air  
to Iceland. Photograph: Kristjan Maack/ 

orF Genetics.



228

“Patents on life” has long been disputed internationally. In the Paris Convention 
on patent law in 1884, patents were explicitly outlawed on foods, animals, plants and 
medicines.223 Most patent laws still have enigmatic paragraphs forbidding patents 
“contrary to morality and public order”, words as remote as the singing of shepherds. 
In 1884, however, this was easily understood because of riots in the streets due to 
dearth and social unrest, just as there were in 66 countries in 2008.

But is it fair that anyone may use a plant variety or a gene that has taken someone 
else a decade to develop? The famous American plant breeder Luther Burbank  
fought for protection on his varieties, and since 1930 the USA granted such patents 
on clonally propagated crops. (His greatest success, the potato Russet Burbank, is still 
the world’s biggest variety and used in all McDonald’s worldwide.) In Europe in the 
1960s plant breeders obtained exclusive rights to sell a variety for 20 years, but other 
breeders could use it for crossing, and farmers could use it for home-grown seed. This 
is a more “relaxed” approach than a patent, which precludes any “infringements”.

We saw how the hybrid corn adventure was built on the free exchange of inbred 
lines, and we saw that Borlaug used the Japanese dwarfing genes in wheat with no 
thought of permit. Gene banks were free for all, and nobody questioned to social value 
of such an open system. In 1983 – ironically the birth year of the first GM plant – the 
FAO Assembly declared that genetic resources – as they were later called – were the 
Common Heritage of Mankind.

In came biotechnology. In the 1980s large pharmaceutical and chemical companies 
invested deeply in seeds. These companies were used to strong patent protection. They 
lobbied to allow it also in plants and animals, which until then was impossible in most 
countries. First a famous bacterium moved the mountain in 1980, when the US 
Supreme Court ruled that anything under the sun made by man is patentable.224 
Within a decade or two the companies prevailed – first in the US, then Japan, and then 
after much controversy, the EU, aided by the TRIPS-agreement in the World Trade 
Organization. Biology now was life science, a knowledge-intensive industry where  
intellectual property assumed the status of human rights. Plant breeding was caught 
in this stream of changes.

On the political side, the Convention on Biological Diversity (1992) declared genes 
and other diversity to be national resources. In the expectation of spinning gold from 
the DNA threads, many countries passed strict embargoes on seeds. In the FAO the 
same countries gradually dawned to the realization that they – and nobody –could 
access seeds anymore. Crops globalized for millennia were both impossible and 
impractical to fence. This led to an International Treaty on Plant Genetic Resources for 
Food and Agriculture – in brief, the Treaty. It accepted facts as needs and declared that 
35 species and genera shall be subject to free exchange and mutual access – a major 
step in international law. Still, if someone finds a gene and patents it, he may still fence 
it. This is most developed in US corn hybrids, where not only a few genes are patented, 
but also the hybrids themselves and their inbred parents. This blocks all further use 
by others. To a large extent the ability to claim ownership (and win lawsuits) made 
the big companies invest heavily in genetic fingerprinting in the 1990s.225 The three 
big companies – Monsanto, Pioneer and Syngenta – have big patent portfolios that 
they may exchange with each other, and small companies may enter the market, if 
they can afford Monsanto’s fees for RR. Most can’t, even Syngenta and Pioneer feel 
the pinch in such negotiations. Technology fees and the near-monopoly situation 
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makes for very high seed prices. In fact, a farmer no longer buys the seed, he “licenses 
a technology”. A RoundUp-Ready soybean costs four times that of a conventional, 
which is getting hard to find. A Triple Stack corn costs at least three times as much  
as conventional.

These added prices do not correspond with their added value. Since they came 
into use in the mid 1990s, the maize yields in the US have increased by 28 percent. 
This is an astonishing realization, but only 4 of them can be ascribed to the transgenes. 
RR in itself does not boost yields. Bt-maize, however, gives a clear advantage under 
heavy insect attacks (and also protects against mycotoxins and drought), and the farm-
ers save with less insecticides. The remaining 24 percent are due to “old fashioned” 
breeding and better management.226 Still the patent options direct the investments. 
What will be the consequences of intellectual property rights on seeds and food down 
the road – for farmers, consumers, for food prices? Are we really interested in a his-
torical experiment where transnational corporations, through their transgenes and 
transnational laws, “sit on” seeds, genes and know-how? Gene technology is a big 
advance, which is getting simpler and cheaper all the time. But have patents become 
an impenetrable jungle precluding use? And don’t the very strict public concerns 

Fig. 185. The Green Smithy, the 
greenhouse of orF Genetics – a 
landmark when arriving by air to 
Iceland. Photo: Kristjan Maack.

Fig. 194. The tunnel into the 
Svalbard International Seed Vault. 
All nations may save their seed 
heritage here – but are all seeds 
with that free for all?  
Photo: Global Crop Diversity trust.
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Fig. 195. Bioethanol plant in 
West Burlington, Iowa, with 
corn fields in the foreground. 
Photo: Stephen Vaughn, uSDA



231230

about “risk” make costs so high that, paradoxically, only the biggest can play the game? 
To be “against” Monsanto is a bit like being “against” Microsoft. They have their 
important roles, but they need checks, such as Linux. International conflicts on 
patents for HIV drugs or digital piracy may appear pale if there is a conflict about 
access to genes and seeds.

The grain price – 
between the Midwest and the Middle East

Buy land – they’re not making it any more.

    Mark Twain

We introduced this book with the information on the sharp price increases on grains 
in 2008 and 2010, and much of this chapter has dealt with the outlooks. Food – feed 
– fuel are three competing uses of grains, measured by energy content (mainly starch) 
or as market prices. Most often the latter express their relative values.

Let us first take a look at energy content. The background of bioethanol or bio-
diesel is well known. They replace fossil fuels in ways that (presumably) are neutral 
or even beneficial in terms of carbon emissions. Biofuels have a long history: horses, 
oxen, firewood. It has been estimated that in the US the tractor has released 40 million 
acres of land for other uses since the 1930s. This is one quarter of all arable land in the 
country.227 The decline of oats in Northern Europe reflects the same. For a long time 
in the Midwest discarded corn harvests have been burned as pellets to heat houses. 
What is novel is the industrial scale, the speed and the political priority. The goal of 
57 billion liters bioethanol by 2015 was realized in 2010. In the course of a few years 
over 40 percent of US maize has been diverted to supply 10 percent of the needed 
fuel.228 What impact will this have? 

Nowhere can a foreigner feel the American freedom as when driving through the 
US Corn Belt. Along the Interstate, endless plains of corn and soybeans pass into an 
ever-receding horizon. That the tank is filled with E85 – 85 percent bioethanol – adds 
a pleasant sensation of belonging to a recycling economy. The fields themselves stand 
witness that the driving is “carbon-neutral”. No more does it nag the conscience that 
the SUV consumes 18 liters for each 120 km consummated per hour – until we stop 
to measure the carbon wheel print for our green ride. Unfortunately, E85 does not 
mean an 85 reduction in CO2 emissions.

In such an account we need to include three perspectives:

The energy yield: How much net energy do we get as ethanol when we subtract 
what it took to grow the maize, run the refinery etc.?

The greenhouse gas emissions: How much CO2 or other gases are emitted,  
compared to gasoline?

Changes in land use: Where shall we grow the maize that now goes to bioethanol?

As to the energy yield of bioethanol, the ecologist David Tilman of the University of 
Minnesota229 found the yield was only 1.25 – only a 25 percent increase. For com-
parison biodiesel from soybeans was nearly twice as efficient, (1.93).
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Then, how much does bioethanol reduce emissions? The estimates vary from a 
mere 12 percent less than gasoline and up to 60, but tend towards the lower end.

A proper carbon accounting must also include where to grow the maize we no 
longer have for feed. 230 If we take 12.3 million ha of US farmland out of food produc-
tion, it must be replaced by 10.8 million elsewhere (a little less, since the protein rich 
residue from bioethanol production is an excellent feedstuff). Beyond this we need 
to include the amount of greenhouse gases emitted when forests are cleared for farm-
land. The worst-case is to clear tropical rainforest to produce palm oil for biodiesel. It 
is a carbon bank robbery to be paid back for centuries to come. 231 These estimates 
sharply contrast to the alternative, which is to base bioethanol on cellulose rather  
than starch. Tilman found that if one recreated the American prairies on largely uncul-
tivated land, without competing with food needs, the energy yield will be at least  
4 and with as much carbon in the soil as in the harvested biomass.232 That is, the  
word will should be read as would, since it depends on a number of technological  
breakthroughs to become reality.

And let us not forget that amazing grass, sugar cane – by far the most superior 
since its sugar can be fermented directly into bioethanol. The most efficient source of 
bioethanol is sugar cane grown in the cerrados of Brazil (incidentally also one of 
the world’s largest remaining land reserves for grain production). Through GM sugar 
cane is about to become a bio-refinery for a wealth of valuable compounds. Even 
the drought tolerant sweet sorghum is becoming an important bioethanol source 
supplementing maize.

Then the price. How will the dramatic allocation of 40 percent of US corn – more 
than 100 million tons – affect grain prices? Models predict a decline in US grain 
exports of 62 percent in maize, 31 percent in wheat and 28 percent of the soy beans 
and price increases by 40 percent, 17 percent and 20 percent.233

But will the markets respond in this way? After all, the sharp price fluctuations in 
2008 and 2010 reflected less real changes in supply and demand than short term 
speculation.234 A word from Berthold Brecht comes to mind – famine is not the work 
of Nature, but of grain markets. Hence, we need to understand how this market works 
and especially the phenomenon of futures. A farmer may wish to hedge himself 
against prices falling after harvest. While plants are still growing, he sells part of his 
expected crop to a buyer (originally a miller or concentrate producer who wants to 
secure his supply). The grain will obviously not be delivered until later, thus the 
name “futures.” But the date and price are agreed upon. If prices increase until that 
time, the buyer will gain, if not, he will lose, in a zero-sum game, apart for a small 
fee. In the meantime the futures are the subject of speculation and may change hands 
many times until delivery. Most of those hands have no interest in the physical grain. 
As long as this went on in a crowd of men on the floor – the pit – of a grain exchange, 
the fluctuations tended to be transparent and small. In the Minneapolis Grain 
Exchange a peculiar finger language signified price offers in fractions of one cent.  
If quanta were sufficient, it still added up to fortunes. In the age of electronics, 
however, there may be up to 300 exchanges of futures per second. In 2000 the 
Clinton administration abolished all regulations on speculation in commodities. In 
a few years the hedge funds’ increased their trade by 2300 percent. According to 
the FAO virtual grain markets now account for 98 percent of the trade in futures, 
those dealing in real grains only 2 percent.235 The US Senate has now criticized the 
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“excessive speculation” in wheat futures, and the World Economic Forum in Davos 
has called it a “threat against the wealth of nations”.

A number of measures have been proposed to check this. One is international 
surveillance of the markets and interventions to keep fluctuations within “acceptable 
limits”.236 Another is to reintroduce effective regulations, so that the players must  
reveal stores as well as trades, and put upper limits to the amounts stored (“position  
limits”).237 A third way is the classical way – national systems storing grains for emer-
gencies. All Nordic countries had such systems until the 1990s. Only Finland had 
historical memory and farsight enough to keep them. The WTO considers that  
such measures “distort the markets”, while the FAO advocates each country’s right to 
“sovereignty in food”. In the meantime, we see new realities unfold on the ground. 
Some governments do not wish to wait until the economic enigmas are resolved. 
Nations with large food imports do not invest in futures, but in their future, and mostly 
abroad.238 Numerous “land grabbing” projects largely bypass the world market and 
(often) local people. In 2009 the government of Madagascar was ousted because it 
had leased 1.3 million ha – half of the country’s arable land – to Daewoo on behalf of 
South Korea. The Indian agribusiness Karuturi Global Inc. has leased 300,000 ha in 
Ethiopia to grow rice and roses, and is doing excellent business with a powerless 
workforce. Russia has a particular role. With some of the largest land reserves –  
10 percent of all cultivated lands – the country aims to become number two grain 
market in the world, after the US. Nordic investors have bought or leased huge areas 
in the old black earth granaries where yields may easily be boosted by 80% above the 
current levels. The Swedish company Black Earth Farming Ltd controls 300,000 ha 
of this unique soil – ironically including the former collective farm Dawn of Commu-
nism. If land grabs are not to be neo-colonialism, but are to help the world’s poor with 
increased supplies, they must be regulated. Public investments must increase so that 
supplies may increase twice as fast as today’s rate of less than one percent per year. 
Besides, the food system may soon be brought to the test.

Stem rust, stripe rust, Fusarium –  
global grain supply brought to test?239

It is a clear day in March 2009, St. Paul, Minnesota. The year’s first southern winds 
make snows melt in the walkways. We draw the key card at the entrance, then enter 
the pin number, do the same at the next door, and then the third door before enter-
ing the special security greenhouse that was designed for working with the most 
dangerous plant diseases. We undress and pass naked though door number four, 
then put on an overall suit and a pair of shoes. Then, into the greenhouse where 
wheat and barley plants are infected by Ug99 – a new race of stem rust discovered 
in Uganda in 1999. It has since been loose in East Africa. In 2006–7 it was detected 
in Sudan, Yemen, and in March 2008 it was reported from Iran, but apparently  
contained. Ug99 is certainly aggressive, but may not move fast. However, other 
races do: Since 2000 a new heat tolerant race of stripe (yellow) rust spread from 
Africa and in two years created unprecedented epidemics in the US and Australia. 
The DNA fingerprints show it is the same race. A relative has immigrated illegally 
to Europe, without much damage – so far.
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Identifying resistance to Ug99 is best done in Kenya, where it abounds. Neverthe-
less it has been granted a winter visa to this American greenhouse on the strictest 
terms – all living cells must be frozen at minus 80º C from April 1st. Any deliberate 
release on US crops is defined as bioterrorism, according to the 2002 Homeland Secu-
rity Act.

Should Ug99 reach the Indian subcontinent, nan and chapatti for one billion  
people and 20 percent of the world’s wheat crops are endangered. It would make the 
winds on world markets in 2008 and 2010 a mere breeze. Sheltered by the Himalayas, 
China is less exposed, but a spore on the trousers of an airplane passenger might be 
enough. Here, before we re-enter the winter outside, a shower will take care of any 
spores that we get on our hair and hands. 

Other diseases are residents that wait for the right conditions. Fusarium lives in 
the soil, but in moist weather infects plants. Grains will shrivel or contain mycotoxins. 
In the Yangtse River basin epidemics are frequent. In 1957–59 Fusarium interfered 
with Mao’s Great Leap Forward. The yield loss and the toxic grains no doubt aggra-
vated the famine that killed tens of millions. In 2012 the fungus has devastated wheat 
fields all the way up to the Yellow River. The impact is unknown at the time of writing, 
but is considered a grave food safety issue. In recent years warmer and wetter summers 
have made Fusarium the challenge to grains across mid Scandinavia. In North Dakota 
– that produces 1/3 of the US malting barley crop – it has forced barley out of the 
Red River Valley into more arid areas.

This happens as the world grain reserves are at a minimum and must increase by 
50 percent – 300 million tons – in a few decades. What has put the world in such a 
vulnerable position, and what may be done?

Remember the barberry campaign and Borlaug’s strategy to “immunize” all wheats 
with the slow-rusting gene Sr2. These measures have reduced stem rust to a harmless 
ex-convict neighbor, present, but no big concern. Although Stakman and Borlaug 
knew that stem rust was a shifty enemy, once a problem becomes minor it slips from 
memory. Due to laws to protect biodiversity most laws banning barberry have been 
removed.

What about the sources of resistance? Many varieties have lost Sr2, and Ug99 has 
knocked out Sr31, the most common gene now protecting wheat. Like most other 
effective genes it comes from rye and other wheat relatives. Recently, Ug99 has added 
the widely used Sr24 and Sr36 to its list of trophies.

In 2008 the late Norman Borlaug initiated what is now known as the Borlaug 
Global Rust Initiative. Ug99 and similar foes will be “amongst us always”. Only inter-
national collaboration – exchange of genes and technologies – can prevent major 
imbalances in the world’s bread baskets. Stem or stripe rust or Fusarium, the lesson 
is not to believe they are defeated and then be surprised when varieties – and we! – are 
highly susceptible.

Fig. 196. Wheat infected by  
stem rust. Left hughly susceptible, 
right more resistant plants.  
Photo: yue Jin, uSDA.
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The earth has enough for everyone’s need, 
but not for everyone’s greed.

 Mahatma Gandhi

Father of of grain, 
father of wheat,  
father of whom we 
solemnly praise.

  Bob Dylan

Fig. 197. Greek woman 
carrying the Easter 

bread. The bread stamp 
depicts in details the 

orthodox Christian 
universe. Levodia, 

Greece, 1967.  
Photo: Kerstin Bernhard, 

Nordiska Museet.

grains as 
FOOd and 
as MyTh
since the infancy of agriculture food and grains have 
been closely interwoven with religion and worldviews. 
People hoped for good harvests and gave thanks when 
crops were secured, but they felt powerless when 
facing failures. Modern agriculture provides a far 
higher degree of control. still grains are charged with 
strong symbolic power. What happens when the 
grains as food meet the grains as myth?
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two childhoods, 
two breads 

Fig. 198. Palestine Christmas in 
Bethlehem. The orthodox priest 
cuts the precious communion 
bread with a silver knife. Photo: 
Varda Polock Sahm, Jerusalem. 
PHoto: Varda Polack-Sahm, Jerusalem.

Fig. 199. Marc Chagall: Man with 
lifted hand (detail), 1911. recently 
arrived in the world metropolis 
of Paris, the young Chagall – 
who grew up in a Chassidic 
Jewish family near Vitebsk in 
Belarus – painted a man saying 
the thanksgiving prayer Kiddish 
for the two Chaliot or Sabbath 
loaves: “Blessed are you, eternal 
God, King of the world, who from 
the earth bestows us bread”. Pkoto: 

Museum der Brotkultur, ulm.

Jewish Passover bread
There is silence round the table. The whole family sits quietly. Grandpa will read from 
the Torah about the exodus from Egypt. His voice always gets a bit shaky when he 
reads this, this one time every year. As long as I can remember I have heard him read 
about how Moses called the people of Israel to leave Pharaoh and enter the desert 
without bringing with them bread to eat. How they baked “fast food”, unleavened, 
thin flat bread during stops on their way. How they crossed the Red Sea on dry ground 
and reached the land that God had promised them. This bread we too will eat tonight. 
Seven days ago Mom threw out all the leaven that she makes such good bread from, 
and she cleaned the kitchen, floor to ceiling. Tonight she has made fresh unleavened 
bread, and placed it on the silver tray that we use only on this night. It doesn’t taste 
much, but we eat it with roast lamb and bitter herbs. This evening is so good – the 
readings and the chanting and the food and the special trays. And how together we 
are! I wish all children everywhere could feel like this. 

Palestinian Christmas  
in Bethlehem

“Mom, look, now he’s slicing your bread!”  
I whisper so no one can hear. Midnight mass 
is coming to a close. The sun soon peeps 
through the window high up on the walls. 
In the light through the air I can see the  
incense. The priest is cutting the bread that 
Mom baked last night. Before putting it in 
the oven, she stamped it with the bread-
stamp she only uses at Christmas or Easter. 
The old priest slices it into small pieces with 
a silver knife and put them on a silver tray.  
Soon I’ll shall go up and get one from his 
hand, right in my mouth. It tastes like ordi-
nary bread, but Dad says that it contains 
Jesus. Strange, in a way. He was born here in 
this very church, here in Bethlehem. Which 
means “bread house”. Just now that seems 
right. Now we’ll stand in line for the bread.
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sorghum, the camel  
of the grains241

Ethiopia is a grain universe in itself. Species like tef and finger millet originated there 
and sorghum (durra) in this part of East Africa. The province of Hararghe – named 
after the city of Harar, the third most holy city in Islam – displays a diversity of 
sorghums, in genetics as well as folklore. Farmers make more money from the 
world’s finest mocca coffee and still more from the narcotic bush khat, but sorghum 
is the center.

It is grown from 800 meters above sea level, in the unbearably hot Ogaden, to more 
than 3000 meters in the mountains. Plants may be from two to five meters tall. Sorghum 
is more than grain: the straw is feed for the cattle or fuel for the kitchen and when mixed 
with clay it builds the house walls. As people say: Sorghum means everything to us.  
If a heavy job is to be done in the field, neighbors are called upon to join hands in a guzza. 
While working they sing songs of sorghum, here one to the variety Muyra:

Of all your children, trust most your daughter;
of all your sorghums, trust most the Muyra;
keep watch on goats, Muyra, camels and your daughter;
for sons and other flocks, they’ll fool you.

Muyra has white grains that are nourishing and easy to dehull:

The straw is sweet;
threshed it is free from chaff;
dehulled it is white as milk.

Fig. 200. A woman of the 
Karamojong people in  
uganda sifting sorghum.  
Photo: © rick D’Elia/Corbis. 
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The sweet straw indicates that some varieties of sorghum accumulate sugar in 
the stem while green, like sugar cane:

A young man who eats green sorghum,
has always a good eye on the girls;
he says: “My foot leads where my heart is.”

Sorghum is called “the camel among the grains.” Like the camel it may suffer prolon-
ged drought without wilting. This stay-green capacity makes it resume growth once 
rains return:

When he starts growing, he looks like a camel’s ear;
When there’s been hailstorm, he looks like a beggar in shreds;
When rains return, he quickens and looks like a rich man;
In times during booting, he looks like a pregnant woman;
When flowers appear, he looks like the face of a slave;
When grains are filling, he looks like a beautiful girl.

Although sorghum is tough during adversity, too often it does not prevent the hungry 
days, when people and beasts suffer before the new crop can be harvested. So, don’t 
they have new and more productive varieties? They may have new ones, but these may 
not be more productive. The short straw seems modern and good, except that the 
animals need tall straw to survive the dry season. Too often the new varieties are not 
tough enough either. A female farmer laughed when she spoke about the new seeds: 
“ The straw is so stiff that not even the donkey will have it! I don’t get why the Govern-
ment wants us to plant these things!”

She is an expert of her own livelihood, always alert to what may improve her lot. 
She would immediately have adopted new sorghums if they had met her many 
demands. What if the researchers had asked her first?

Fig. 201. young girl from  
Hararghe with her sorghum. 
Photo: Firew Mekbib, Haramaya university, 
Etiopia.
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Fig. 202. Harvesting sorghum in 
Hararghe, Etiopia. Photo: Firew Mekbib, 
Haramaya university, Etiopia.

One of her concerns is the weed Striga, which she called “the AIDS of sorghum.” 
It can infest a field and reduce it to a waste land in few years. When we met in 2000 
none of us knew the groundbreaking work by the Ethiopian plant breeder, Dr. Gebisa 
Ejeta.242 By dissecting the molecular steps in the infection process he has developed 
sorghum that resists Striga. For this he received the World Food Prize in 2009. 
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asia: a rice universe243

Rice is the heart of the traditional Asian worldview. Rice determines the traditional 
calendar, the cycles of years and life times. It runs as an undercurrent through all the 
major religions, pointing to a more ancient origin. Rice is essentially spiritual and is 
the force that links the living to the ancestral. They connect through the planted seed. 
They commune through rice as food. As mentioned in Chapter 1, Sanskrit has two words 
for rice: vrihi for raw paddy rice, annam for the cooked rice, which also simply means 
food. Just as we invite guests “to the table”, in India one invites guests “to rice”. The fam-
ily household is made up of those who “eat rice together”. In the Upanishads it is said 
that all that are born from rice (anna). Indeed, all life is born from rice, lives from rice 
and returns to rice. Rice is the first born among all things, the best medicine that frees 
the body from every ailment. Rice could hardly get much closer to a divine stature. 

The source of all rice is the rice goddess. In the traditions of Bali and Java the young 
Dewi Sri has a love relation with her younger brother Sedana, but the supreme divin-
ity, Batara Guru, gets jealous and kills the brother, and then her. From her body grows 
the first rice. In the act of killing Guru unfortunately spills his seed on the ground, and 
from this comes all the evil spirits that may harm the rice. Troubles have begun.

The rice goddess also has other names: Annapurna in India, Inari in Japan – only 
in China she is conspicuously absent. Rice is female as a noun and of nature. This is 
evidenced in many ways. When rice has flowered and grains are filling, the Thai say 
that the rice goddess is pregnant. When a young girl in Kerala has her first menstrua-
tion, she is showered with paddy rice and a reddish liquid sprinkled on the ground. Just 
as the earth gives rice, the woman gives children. In Java the seed for planting is kept 
in a chest, in the center of the house, in honour of Sri. In this granary two intertwined 
clay pitchers symbolize the “inseparable couple” Sri and Sedana. Here newlyweds must 
spend their first night and be fertile, just as the primeval couple gave rise to rice.

However, these customs and mindsets are now severely challenged. In Java the 
agricultural cycle used to be 210 days, the growth period for rice. With the onset of 
the Green Revolution and now at least two crops per year, the times of planting and 
harvesting overlap. New short straw varieties are not suited for braiding the  
garlands that honored Sri. “We tried, but she had lost her neck, so we cared no more 
about it”, said a farmer. The abundant harvests are sold in the market, rather than 
stored in the granary and need less protection against evil spirits. In Japan the divine 
imperial dynasty founded upon rice still prevails, and in Bangkok the King plants the 
symbolic first rice every year. 

The educated young distance themselves from ancient beliefs and wish to seem 
urban. South Korea used to be a society built on Confucianism and the rice cycle, 
with its feasts linked to the lunar calendar. After forty years of the mechanization of 
agriculture, and “modernization” in general, most of this is past. Rice is no longer 
planted by countless, bent backs. In certain districts airplanes do the job.

But rice has not waned as a symbol. In the 1980s the ancient processions in honor 
of rice boosted the struggle for Korean democracy. Every kitchen has its duiji, a chest 
for storing the rice, albeit sized to fit small urban apartments. South Korea (like Japan) 
strongly resists free trade in rice. Only Korean rice is Korean. The country prefers to 
be a rice exporter, while importing 70% of all its other food needs. The young have 
rice burgers in one hand, and cell phones in the other.

Fig. 204. The rice goddess in two 
versions: above, Annapurna Devi 
(India) and below, Mae Sopop 
(Thailand).

Fig. 203. Hiroshige Andô (1797–
1858) totsuka. People are bent 
in the rice fields. Fujijama in the 
background.
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wild rice –  
“the caviar of grains”244

The wild rice (Zizania palustris) grows along rivers and in marshes of standing water 
in the United State’s Upper Midwest and neighboring Canada. Despite its name, it is 
unrelated to common rice. For at least 2500 years Native Americans have harvested 
the seeds from this tall grass – about 1–2 cm long and green or brownish of color.

Trappers soon acquired a taste for it and called it wild oats, wild rye or wild rice. 
For the Ojibway people its name is manoomin, which means “good seed”. In spring it 
germinates in the water and emerges as leaves floating on the surface. Then they stretch 
about two meters into tall reeds. The seeds shatter easily and must be harvested 3–4 
times in the course of a 2-week period. The traditional way is to bend the panicles with 
a flat stick (the flail) and shake, so the seeds shatter into the canoe. When loaded to 
the rim, the seeds are brought ashore dried in the sun. Next they are roasted in a pot 
and the brittle hulls pounded loose without breaking the long and thin grains. 

For the Ojibway the time of ricing is August. It is the peak of their annual cycle 
and rice means much more than mere calories and proteins. Manoomin has an essen-
tial religious significance. The myth recounts that when the hero Nanaboozhoo once 
returned empty-handed from duck hunting, he saw a duck sitting on the rim of a 
steaming cauldron. The duck escaped, but in the pot were some seeds that were not 
known to him. He waited until they were boiled, and never before had he eaten a 
better broth. Ever since the Ojibway have revered and used manoomin. More secular 
chroniclers claim that the role of wild rice increased when, following the European 
settlement, the Ojibway were forced into the less fertile lands where the wild rice has 
its home. It was also sown deliberately along the waterways both for food and to 
enhance bird populations, hence hunting luck. As a rather costly and much sought-
after food, it became popular for whites to buy licenses and go ricing.

No wonder that white men – most with unmistakably Nordic names – came to think 
of growing wild rice. One was Algot Johnson, a retired dam engineer, who in 1961 started 
growing wild rice in the marshes near Waskish in northern Minnesota. He soon saw two 
clear goals: An efficient mechanical harvesting and plants with less shattering. The first 
was accomplished by a gradual drainage before maturity in August, as in Asian rice fields. 
With harvesting gear mounted on a bulldozer, which drove in fixed tracks, he avoided 
too much shattering during each harvest. One man could reap all his first 8 hectares of 
wild rice fields.

But the aging Johnson saw further. Research was needed, especially on the shat-
tering problem. Already in 1962 a student from the University of Minnesota (UMN) 
had found, in Johnson’s rice field, plants with less shattering. Ojibway called them “flag 
plants”. After repeatedly selecting and intercrossing these plants, a variety named 
“Johnson”, with half as much shattering, was released in 1972. With further breeding 
the varieties were improved in areas of shattering, lodging, earlier maturity etc. (The 
seed of wild rice has its special challenges. It loses its germination ability on drying 
and it must be stored in cold water for at least three months in order to germinate. In 
the pioneering days seed grain was sold in old milk vats.)

Late in the 1980s in the hands of UMN professor Ronald Phillips the emerging 
molecular genetics took a look at wild rice. He showed that three regions on the 

Fig. 205. Seeds of real wild rice 
from White Earth reservation in 
Mahnomen County, Minnesota. 
Foto: Finn Måge, uMB.

Fig. 206. Branding wild rice from 
White Earth reservation under 
the name Native Harvest.  
Photo: Native Harvest.
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chromosomes conditioned the shattering. Through DNA-based selection for the right 
alleles (gene variants) the first completely non-shattering wild rice variety “Dawn SR” 
was released in 2008.245 To the Ojibway this was a sacrilege to their manoomin. They 
hoisted their flags against the molecular work they associated with GM. The case 
developed into a deep conflict, which reached to the top levels of the state of  
Minnesota. A compromise was reached, establishing that only truly wild rice could 
be called “natural”, and a ban on any tinkering with GM was agreed upon. In 2003 the 
Ojibway were awarded the international Slow Food award for their work and their 
brand name Native Harvest. At the same time younger Native Americans, even in 
Mahnomen County itself, may be more inclined towards running a casino than to go 
ricing. In 2006 the total wild rice production was 36,000 tons, most of it grown by 
farmers in far off California. These numbers are small on a global scale, but then the 
slogan is Wild Rice – the Caviar of Grains.

Fig. 207. Chippewa men 
harvesting wild rice (1925).  
Photo: Minnesota Historical Society
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america: a maize universe
Most Native Americans share a basic attitude: maize and life are one. The entire world-
view reflects the maize. Next to the Sun himself, the Maize god is the most revered 
deity. Humans were created from masa, maize flour, mixed with the blood of the  
serpent – maize and God and man are intertwined in ways that are confusing to us. 
One of the many myths about how maize was created is the story of the Maize mother. 

“In the days when the Earth was young and pristine and the first humans were 
created, they lived from what they could gather in the forest. They were always 
hungry. Then one day an old white haired woman walked into the village.  
Almost desiccated from hunger and thirst she asked for a meal, but people said:  
“We don’t have enough for ourselves. Go away!” The same message met her in 
the next town. In the third they told her: “You look fatigued and must have 
walked far. Sit down, then we’ll share the few roots and berries that we’ve  
gathered.” Afterwards they all lay down to sleep. Next day all grown ups again 
had to roam the woods to collect food or go hunting. The white haired lady re-
mained with the kids. In the evening the grownups returned. Few were the ber-
ries they’d found, and no game had they seen, but the children said: “We have 
eaten well! The old white haired lady gave us some wonderful white food!” The 
adults wondered what they spoke about, for the old lady was nowhere to be seen.

Years passed and the old one was forgotten, but a small boy always remem-
bered that white food. Once he became a warrior, he set out to find the old 
lady, but without luck. Then one day he sensed a shadow on his face that said: 
“I am the Maize mother, she that you have searched for so long!” “So come to 
my village and give us again that lovely white food!” the young man called. 
“That I cannot”, said the old one, “but do as I say, then you will need to search 
no more.” This the young man promised. Then they went to a clearing in the 
forest. There the old lady said: “Burn all the grass that grows here.” So he did. 
When the smoke was gone and the soil was black with ashes, the old told him: 
“Now you drag me by the hair through these ashes.” This he would not. “Yes, 
you must,” she said, “if you drag me by the hair, the grass will regrow. When it 
gets as tall as you, you’ll see my white hair among the leaves. There you will 
find the seeds you have sought so long!” Then the young man dragged her by 
the hair, crisscrossing all the ashes. When he was done, both the hair and the 
old lady had vanished. But an unknown grass started sprouting from the ashes, 
and when it was as tall as him, he saw her white hair shining among the leaves. 
And inside he found those precious white grains, as she had promised.

This is how maize came to the Earth of men. As long as it grows, Native 
Americans will never forget the Maize mother.” 

The story of the maize mother has a tragic flair – she had to sacrifice herself, for the 
maize to emerge from her body. In the Codex Florentina, chronicled by the Franciscan 
friar Bernardino de Sagahun in 1529, we find this lament on behalf of the maize:

For it was said that we brought much torment to it – that we ate it, we put 
chili on it, we mixed salt in it, we mixed saltpeter with it; it was mixed with 

Fig. 208. Maize god. Mexican 
sculpture.  
Photo: Museum der Brotkultur, ulm.

The god
grasping
the maize.

No god, 
no maize,
no grasp.

No maize,
no grasp of
God. 

Fig. 209. Maize god. Mexican 
sculpture. Photo: Museum der Brotkultur, ulm.
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lime. As we troubled our food to death, thus we revived it. Thus, it is said, the 
maize was given new youth when this was done.246

Although the maize dies, it is resurrected as life in us. But this miracle has its price, 
and the currency is blood. What shocked the Spaniards more than anything else were 
the human sacrifices they saw, but could not comprehend. How were they to imagine 
the act of harvesting a maize cob as decapitating the Maize god? Or when the phallic 
maize cob is unwrapped and bleeds, the King’s penis must be ritually bled? That focus 
on blood and sacrifice is still vividly depicted in most Mexican churches. Hardly  
anywhere else is the bloody death of Christ displayed in a more abundant red.

But the intimate link between maize and humans also has milder notes as when 
Sagahun describes the ways of the good maize farmer:

The good farmer… [is] active, agile, diligent, industrious: a man careful of 
things, dedicated – dedicated to separate things; vigilant, penitent, contrite. 
[he goes] without his sleep, without his food; he keeps vigil at night; his heart 
breaks. He is bound to the soil; he works – works the soil anew, prepares the 
soil (…); he takes up the stones; he digs furrows; he makes holes; he plants, 
hills, waters, sprinkles…

And the seed responds to the vigilent care:

Then it is gathering moisture; then it swells: then the grain of maize bursts; 
then it takes root. Then it sprouts; then it pushes up; then it reaches the surface; 
then it gathers moisture; it really flies. Then they say it is pleasing…

Almost 400 years later Buffalo Bird Woman, born in 1839 in Knife River on the upper 
Missouri in North Dakota, describes how maize was grown when she grew up:

We cared for our maize in those days as we would care for a child, for we 
Indian people loved our gardens, just as a mother loves her children; and we 
thought that our growing corn liked to hear us sing, just as children like to 
hear their mother sing to them…
 

It is not far from Buffalo Bird Woman to Rigoberta Menchu (Nobel Peace Prize laureate 
in 1992), when she describes a countryside baptism in Guatemala. The infant is wrapped 
in a baptismal gown so that only the hair can be seen, like the silks of a maize cob:

And then the child is told about maize, about beans and all kinds of nourishing 
plants. The child is present during the whole ceremony, but wrapped so it can 
barely be seen (…) The child is told that it shall live from maize and that it is 
made from maize, for its mother ate maize while it grew in her womb. The child 
is instructed to honor the maize and collect every grain it finds on its path.247

An early explorer of this maize universe was the Norwegian ethnographer, Carl Sophus 
Lumholtz, from Lillehammer – the Thor Heyerdahl of his age. In the year 1895 he 
rode into the town of San Andres in the state of Jalisco, NW Mexico. He knew that 
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Fig. 210. Luiz Fracchia: The Heart 
of History (Corazon historico, 
2000). Adapted from a model 
painted during Columbian times. 
Photo: Museum der Brotkultur, ulm.
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the residents – the huicholes and the neighbouring coras – had an engrained skepticism 
toward whites. It took the Spaniards 180 years – until 1722 – to finally subdue these 
stern mountain peoples. From 1856–73 huicholes again enjoyed independence.

At his first step Lumholtz sensed the icy attitude. There was little to indicate that 
this year would be the peak of his professional career, nor that the natives, more than 
100 years later, would honor him as an early patron of their cause and look up his 
works to recover their ancient designs. Gradually he established contacts and was 
allowed inside their circle.

The land of the huicholes is harsh: deep valleys and tall mountains (many more 
than 3000 meters), with steep and small milpas, maize fields. In the sandy soils the 
rain soon runs off, and should it cease a few days, maize suffers sequia, drought. Lum-
holtz soon noticed the importance of the rain dance. Once rains were reluctant, the 
shamans were called to interpret the discontent of the gods and convey the discontent 
of the people. If needed – often – the rain dance would last for  72 hours. Around the 
bonfire the shamans would sing about how the world rose from the ocean in the west 
and the gods behind the mountain of Dawn “beyond East”, in the desert of Wirikuta. 
Chosen pilgrims would travel there every year to collect the narcotic cactus peyote, 
which could forge the link between gods and humans. Just as maize is the food for this 
life, peyote is for the “life above”.

Lumholtz documented and photographed the small chapels that were erected in 
the milpas: the xiriki, abodes of ancestors, as well as gods. He also displayed their 
exceptional handicrafts and symbolic imagery. Under the ceiling there were maize 
cobs in five colors:

South: dark blue maize
North: white maize
West: red maize
East: yellow maize.
In addition there was the dappled maize pointing to the middle dimension, which 

connects this earth with realm of the dead, below and the heavens, above. Lumholtz 
was probably the first white man to witness the ceremonies they so deeply cherished.

Since the 1920s the area again enjoys a real autonomy, as part of the Mexican state. 
In the 1970s the Mexican photographer Guillermo Aldana spent several years among 
huicholes and coras. For him also it took time to get accepted, to be allowed to “shoot” 
their daily lives, as well as deeply hidden secrets. The figure 211 shows aspects of the 
maize harvest in 1973.

Today the land has opened up, through airstrips and health care. Although maize 
may (if needed)be bought in the shops, the peyote is highly cherished, and rain dances 
take place when needed. However the drug cartels tend to discourage casual travelers 
who may be seeking a peyote trip.

Although the “war” on the cocaine cartels arouses strong emotions in current 
Mexico, a yet deeper current concerns the price of tortillas. The free trade agreement 
NAFTA opened the borders for cheap US corn, first the yellow corn intended for pigs. 
This should have pressed the prices down, but they rose. At the same time the state 
removed the consumer subsidies that protected the poor. Since 2006 the tortilla prices 
have been the highest in 50 years. When the American corn became more expensive 
due to bioethanol, the Mexican pigs were fed with white maize – the food of humans. 
Today maize is imported like any commodity. At the same time the intimate link 
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Fig. 211. Maize harvesting among 
the huicholes in December 1973. 
All photo: Guillermo Aldana.

between humans and maize is a vital political force. The government has faced millions 
thronged behind the banner Sin mais, no hay pais, “No maize, no nation”.248 The GM 
maize from the conquistadors up north is imagined to be like pollution tainting the 
pure, indigenous crop. A few voices ask, “Can a national symbol really be threatened 
by a new gene or two, a technology that might serve the country well?” Or was Lum-
holtz prophetic almost 100 years ago in his statement, “today the sacred free trade 
may cover almost any kind of crime?”
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