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Preface

We are at a unique moment in history, as intensive transgenic agriculture and its products
are being widely distributed, despite the lack of a broad consensus among the public and in
the scientific community. The Gene Revolution has expanded the possibilities opened up by
the Green Revolution, and led to further industrialization of agriculture. Unlike the Green
Revolution, which was designed to help small farmers in developing countries but was also
suitable for large-scale farms, it seems that the Gene Revolution led by multinational com-
panies will never reach the small farmers. Thus, in contrast to the Green Revolution that
spread enhancing technologies without meeting any organized resistance, transgenic tech-
nology has provoked the organization of social movements, and non-adopter farmer coun-
tries have become symbols of freedom in the modern food system. However, the motives
that determine whether a country will become an adopter or non-adopter of transgenic
technology, and the consequences of adoption at the national, regional and global levels, as
well as the consequent challenges and changes to the modern food system, have not been
fully studied. This monograph attempts to fill this major knowledge gap. Until now, the ma-
jority of the discussion over the spread of transgenic crops has been conducted by either
extreme proponents or extreme opponents of the technology. This book instead seeks a
middle ground. Working from the large body of economics literature, we have demonstrated
that: Genetically Modified Organisms (GMOs) have broken almost all the barriers in the
food system; national GMO politics should be analysed as an integral part of overall agricul-
tural politics; and food regime concerns in relation to GMOs take precedence over health
and safety concerns. With our ‘middle-ground’ aim in mind, we discuss transgenic technol-
ogy on both a macroeconomic (global and national) and a microeconomic level. In micro-
economic terms, this means looking at individual crops and their cost structure. A unique
feature of the book is that we have synthesized the most recent knowledge about all the
GMOs approved for direct use in food or as additives. This provides the readers with a win-
dow into the various possibilities of exposure to transgenic ingredients in different coun-
tries. In addition, we explore the impact of transgenic technology on food production and its
prices as well as its agrochemical use on a global scale, establishing a clear distinction be-
tween two periods — the period before and the period after the commercialization of GMOs.

This book consists of six chapters. Chapter 1 presents a description of the historical evo-
lution of biotechnology, and gives definitions of key terms. Chapter 2 moves into the key
elements of the book: how transgenic technology issues can be understood in the light of

Xi
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xii Preface

food regime concepts and lead to different experience with GMOs in different countries. It
analyses GMO neoregulation in the USA, the EU (with particular reference to Spain), Brazil,
Russia, China, India, South Africa, and Serbia within a broader context, as an integral part of
general agricultural policy. This chapter therefore provides a brief description of these countries’
agricultural performances, agricultural supports and trade relations. Each selected country has
its own specific policy regarding GMOs. From the very beginning, US government policy has
strongly favoured the use of Genetically Modified (GM) varieties. The USA leads the list of
countries in the production of GM crops, and rules GM foods substantially equivalent to
conventionally produced foods. On the other side, EU countries apply the precautionary prin-
ciple as a guiding approach for trans-border movement of GMOs. GMO cultivation in the EU
is very limited because of concerns expressed by stakeholders about adverse effects on the
environment, farmland and biodiversity. The central hub of transgenic technology in the EU
is located in Spain, which produces almost 95% of the EU’s transgenic crops. Brazil is the
second largest producer of transgenic crops in the world, planting transgenic soybean, maize
and cotton. The country’s position on GMO issues is quite similar to that of the USA, but it
does not fully adhere to the concept of substantial equivalence, since products containing
more than 1% of transgenic ingredients need to be labelled. Under the current GMO legisla-
tive framework Russia de jure prohibited transgenic crop cultivation. Although this country
has one of the most restrictive laws in the world, it also needs to import transgenic feeds for
its growing livestock sector. India produces only one GM crop — cotton — in significant quanti-
ties. Unlike many other countries, it does not depend on soybean feedstuffs, but it is heavily
dependent on soybean oil import used as food. India is an example of resistance to interna-
tional pressure in order to protect indigenous peoples. To ensure equitable benefit sharing
with farmers, it has developed a sui generis system for protection of plant varieties. Despite
being a producer, China is considered to be a country whose policies slow down further diffu-
sion of transgenic crops. China is unique because it produces only transgenic crops obtained
from its own research, meaning that no foreign crops have been approved for commercializa-
tion. On the other hand, the country allows importation of transgenic crops to be used as
feed and for processing. South Africa is the first and the largest producer of transgenic crops
in Africa, and has a GMO policy similar to the USA. South Africa has failed, however, to sig-
nificantly improve its transgenically produced food exports and has remained dependent on
imports. This example shows that a strong neoliberal stance on GMOs is not a guarantee for
success. Finally, Serbia has unique GMO policies compared with most countries in the world.
In Serbia, the production and commercialization as well as importation of transgenic crops
and products is strictly forbidden by law. Moreover, it has no urgent need for GMO soybeans
to feed livestock. Chapter 3 considers in detail an important question — ‘Does transgenic food
production affect world food prices?” Long-term trends in international prices, the effects of
increased Asian demand on food prices, and US ethanol and maize prices constitute some of
its subsections. Food security at the global and regional levels, and the linkages between
GMOs and world hunger, are explored in Chapter 4. The question, ‘Is transgenic technology
an environmentally friendly technology?’ is the subject of the discussion in Chapter 5. Pesti-
cide and fertilizer usage and efficiency over a period spanning five decades is analyzed, with a
clear distinction between the two periods, i.e. before and after the adoption of transgenic
technology. In addition, a comparison of pesticide consumption in GMO and non-GMO pro-
ducing countries is also made. Finally, Chapter 6 demonstrates all the possible ways for trans-
genic ingredients to get into the food chain, and draws up a list of finished products that
potentially contain transgenic ingredients.

This monograph is an attempt to address the issue of transgenic technology diffusion in
a sophisticated but neutral way. It synthesizes current knowledge about the GM food sys-
tems and provides many illustrative examples to better understand the factors affecting
them. The book is intended for a wide range of professionals and researchers whose interests
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relate to all aspects of the global food system, including policy makers, policy advisers and
analysts, NGOs, students, and other interest groups. At the end, a glossary of all the uncom-
mon and specialized terms will enable the book to be comprehensible to anyone interested
in a better understanding of GMOs.

Tatjana Brankov Koviljko Lovre
Belgrade, Serbia Novi Sad, Serbia
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Triple superphosphate

United Nations

International Union for the Protection of Plant Varieties
United States (of America)

United States of America

United States Department of Agriculture

World Food Council

World Health Organization

World Trade Organization
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Ancient, Classical and Modern
Biotechnology

The process of mankind’s development and
food production has proceeded pari passu
through the millennia. As Sauer pointed
out, ‘man evolved with his food plants,
forming a biological complex’, regardless of
whether the man was a hunter-gatherer, a
food-domesticator or a modern large-scale
food manufacturer (Sauer, 1963, p. 155).

The first changes took place seamlessly,
without increasing the food supply and
without significant changes in the environ-
ment. An exception was the use and control
of fire by early man, which caused the
transformation of forest into grassland,
permitted large migrations by enabling
people to extend their ranges into habitats
that were impossible to live in before, ex-
tended the period of activity independent
of daylight, provided protection from pred-
ators and insects, and caused the evolution
of man’s digestive system due to adjust-
ments to cooked food. Wrangham et al.
(1999, p. 573) assumed that cooking ‘dou-
bled the energy value from carbohydrate in
underground storage organs and increased
it by 60% in seed.

Animal and plant domestication had a
special role in the further development of
food production. Domestication can be de-
fined as ‘a complex evolutionary process in
which human use of plant and animal species
leads to morphological and physiological

changes that distinguish domesticated taxa
from their wild ancestors’ (Purugganan and
Fuller, 2009, p. 843). Domestication provid-
ed the impetus for humans to create a food
surplus and build the world’s first villages
and cities near fields of domesticated plants.
Consequently, ‘this led to craft specializations,
art, social hierarchies, writing, urbanization
and the origin of the state’ (Purugganan and
Fuller, 2009, p. 843).

Many historians think domestication hap-
pened between 10,000 and 13,000 years
ago. Numerous indications and evidence in
the present suggest that the domestication
of animals had to be preceded by the domes-
tication of plants. Such examples can be
found in the steppes of Iran and Afghani-
stan, or the Maasai ethnic group inhabiting
southern Kenya and northern Tanzania who
live in ways similar to man in the Neolithic
period. There are numerous archaeological
studies identifying the dynamics of domesti-
cation. The hunter-gatherer societies inde-
pendently began food production in nine
areas of the world: the Fertile Crescent (ex-
tending from the eastern Mediterranean
upward through Anatolia and down into the
valley of the Rivers Tigris and Euphrates)
(Fig. 1.1), China, Mesopotamia, Andes/
Amazonia, the American East, the Sahel, Trop-
ical West Africa, Ethiopia and New Guinea
(Fig. 1.2) (Diamond, 2002).
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Fig. 1.1. Fertile Crescent.
East and South Africa
Europe, Egypt, North Africa,
Indus Valley
SAHEL:
. WEST AFRICA: Sorghum, T
' African yams, oil African rice, FERTILE CRESCENT:
Sunflower, goosefoot plam (by 3000 sc)| | guinea fowl (by :
(2500 &c) 5000 Bc) Wheat, pea, olive, sheep, goat
(8500 BC)

North America

A

MESOAMERICA:
Corn, beans, squash,
turkey (by 3500 BcC)

ANDES AND AMASONIA;
Potato, manioc, llama,
guinea pig (by 3500 Bc)

R

CH.lNA: Southeast
Rice, Asia

millet, pig, [~ I

silkworm Philippines,

?% (by Indonesia,
7 7500 8c) Korea, Japan

ETHIOPIA:

Coffee, teff
(date unknown)

NEW GUINEA:

Sugar cane, banana
(7000 BC)

Fig. 1.2. Independent evolution of food production — the earliest known date of local domestication and
the spread of food production. (Adapted from Diamond, 1997.)

Eight plants are considered to be the do-
mesticated ‘founder crops’ three cereals
(einkorn wheat Triticum monococcum, emmer
wheat Triticum turgidum subsp. dicoccum, and
barley Hordeum vulgare), four pulses (lentil
Lens culinaris, pea Pisum sativum, chickpea
Cicer arietinum, and bitter vetch Vicia ervilia),
and a single oil and fibre crop (flax Linum

usitatissimum) (Weiss and Zohary, 2011).
The origins of our modern wheat developed
by cultivating its wild ancestors Triticum
boeoticum and Triticum monococcum in the
Karacadag mountain region (southeastern
Turkey). Emmer wheat was also domesticated
in the same region in Turkey, while the earliest
barley (wild relative Hordeum spontaneum)
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is recorded in Syria. Syria was also an early
home for lentils developed out of Lens c. ori-
entalis and chickpeas. The first appearance of
the domestic pea is in the Near East, while
the earliest flax seeds came from Jericho.
Not counting the domestic dog, it is believed
that animal domestication started with sheep
(Ovis aries), the first ‘meat’ animals adapted
from different wild subspecies of Ovis gmelini
(wild mouflon) in the Fertile Crescent; then
most probably came goats (Capra hircus),
from Capra aegargus (bezoar ibex wild goat)
in Turkey, Iran, Pakistan and China (Luikart
et al., 2001). Wild cattle (Bos primigenius)
most likely had three main loci of domesti-
cation: the Taurus Mountains (Bos taurus),
Indus Valley (Pakistan) (Bos indicus), and
Algeria (Bos africanus) (Decker et al., 2014).

Agriculture was launched in the Fertile
Crescent, the home of the most valuable
crops and livestock, such as wheat, barley,
peas, sheep, goats, cows and pigs. As can be
seen in Fig. 1.2, the Fertile Crescent has the
earliest dates of animal and plant local do-
mestication (8500 Bc), followed by China,
New Guinea and the Sahel.

The earliest date of domestication record-
ed in the American East is 6000 years after
the Fertile Crescent (2500 Bc). From these
centres, food production spread around the
globe at different speeds, firstly at locations
with similar climate and habitats, but ‘with
the general axis oriented east-west for Eura-
sia and north-south for the Americas and
Africa’ (Diamond, 2002, p. 703). The above
does not mean that one can clearly delineate
the period between hunter-gathering and
farming, because there was and actually still
is some overlap between them. Along with
the hunter-gathering indigenous cultures of
the Pacific Northwest Coast living in a rich
environment, the Apache also practised
some farming. As Suttles (2009, p. 56) has
suggested °...the Northwest Coast peoples
seem to have attained the highest known
levels of cultural complexity achieved on a
food-gathering basis and among the highest
known levels of population density. The
Northwest Coast refutes many seemingly
easy generalizations about people without
horticulture or herds’. Knowledge about the
existence of social inequality amongst the
population that survived without animal

and plant domestication could be considered
as one of the most important advances in
anthropological research in the last few dec-
ades (Sassaman, 2004).

If we exclude complex hunter-gatherer
social formations that already practised sed-
entary or semi-sedentary lifestyles, nomadic
hunter-gatherers started their sedentary
lifestyle by applying farming practices to
their permanent agricultural areas instead
of migrating to follow the seasonal shifts in

wild food:

The sedentary lifestyle permitted shorter birth
intervals. Nomadic hunter-gatherers had
previously spaced out birth intervals at four
years or more, because a mother shifting camp
can carry only one infant or slow toddler. ..
Food production also led to an explosion of
technology, because sedentary living permitted
the accumulation of heavy technology (such as
forges and printing presses) that nomadic
hunter-gatherers could not carry, and because
the storable food surpluses resulting from
agriculture could be used to feed full-time
craftspeople and inventors.

(Diamond, 2002, p. 703)

The advent of agriculture and, with it, of
food surpluses, increased the density of
population; caused epidemics of infectious
diseases; led to social stratification, political
centralization and the formation of stand-
ing armies; and led to nutritional changes
and adaptation to a diet quite different from
that of the hunter-gatherer: ‘a diet rich in
simple carbohydrates, saturated fats and
calories and salt, and lower in fibre, complex
carbohydrates, calcium and unsaturated
fats’ (Diamond, 2002, p. 704).

Unconscious selection of plants for desir-
able traits (around 9000 BcC) resulted in the
elimination of dormancy and seed dispersal,
and actually led to dependable germination
and the predictable continuity of plants in
the field. Conscious plant cultivation for de-
sirable traits started, also Bc. Conscious cul-
tivation led to the diversification of crops and
their local adaptation, higher seed yield com-
bined with a higher degree of self-pollination,
and many other traits related to consumer
acceptance, such as culinary preferences and
quality processing. Domestication continued
after the birth of Christ and is still going on;
the only changing factor is the technology
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for obtaining the desired properties. As Dar-
win observed in 1868: ‘No doubt man selects
varying individuals, sows their seeds, and
again selects their varying offspring...Man
therefore may be said to have been trying an
experiment on a gigantic scale; and it is an
experiment which nature during the long
lapse of time has incessantly tried’ (Darwin,
2010, p. 2).

1.1 Historical Evolution

of Biotechnology

Among other things, domestication stimu-
lated the magnification of food storage, a
practice already followed in the pre-agricul-
tural Near Eastern Early (14,500-12,800 cal
BP) and Late Natufian periods (12,800-
11,500 cal BP). Food storage coincided with
the growth of microorganisms that caused
the birth of the first biotech food applica-
tions - food fermentation. Fermentation can
be defined as ‘the transformation of simple
raw materials into a range of value-added
products by utilizing the phenomenon of
growth of microorganisms and/or their ac-
tivities on various substrates’ (Prajapati and
Nair, 2008, p. 2).

Fermentation is considered to be the
world’s oldest food preservation method
apart from the drying of food in the hot sun,
with roots dating back deep into the past of
the Middle East (Nummer, 2002). The first
fermented products were created from stored
milk surplus. The earliest evidence dates
back as far as 7000 BC in the Fertile Cres-
cent, and refers to cheese making. Archaeo-
logical records confirm the dates and origins
of other fermented products as follows: wine-
making process — Western Iran (6000 BC);
wheat bread making - Egypt (3,500 BC);
preparation of meat sausages — Babylonia
(1,500 BC); sour rye breads — Europe (800 BC);
preservation of vegetables — China (300 BC).
Thanks to their understanding of how to
use yeasts separated from wine to prepare
bread, the Romans opened 250 bakeries
around 100 Bc. The oldest known (before
3000 Bc) man-made animal ‘hybrid’ product
of mating between two different species is

printed on 2/12/2023 10:53 PMvia .

the mule, a crossbreed between a male donkey
and a female horse. A slightly less common
‘hybrid’, the hinny, was also bred in ancient
times by the mating of a female donkey with
a male horse. Highly valued in trade, the
perdum-mule, a riding animal used mostly by
kings, is found in Central Anatolia in the an-
cient town of Kanis, and dates back to the
19th and 18th centuries Bc (Michel, 2002).

Each of these ‘discoveries’ is accompanied
by a legend. For example, it is believed that
an Arabic trader accidentally discovered a
way of making cheese. Preparing for a long
journey through the desert, he put milk in a
bag made of sheep stomach. Because of the
rennet in the bag and the sun in the desert,
the milk separated into curd and whey. An-
gels were said to have helped an ancient no-
madic Turk prepare the first yoghurt, while
the recipe for making kefir, which originates
from the Caucasus Mountains, was kept se-
cret for a long time because Mohammad
strictly forbade transmitting it to people of
faiths other than Islam. In the Old Testa-
ment, the mule replaced the donkey as the
‘royal beast’ and was ridden by King David
and King Solomon at their coronations.

Leaving aside the legends and often acci-
dental discoveries, it can be noticed that
man travelled a long, gradual path from the
hunter-gatherer to the modern producer
dependent on technological innovation
(Fig. 1.3).

The essential understanding of fermenta-
tion, which could not be performed without
microorganisms, happened in the 17th cen-
tury (around 1678), when Antony Van Leeu-
wenhoek developed his method of creating
powerful lenses and applied them to the
study of the microscopic world. The discov-
ery of the microscope ‘was the milestone for
the development of classical biotechnology’
(Pele and Cimpeanu, 2012, p. 6), and was a
prerequisite for Louis Pasteur, in the middle
of the 19th century, to do his great research
into microbial fermentation, which revolu-
tionized medicine, industry and agriculture.

The era of classical biotechnological evo-
lution lasted until the 1970s. Although in
1665 the English scientist Robert Hooke had
discovered cells while looking at a tiny slice
of cork and van Leuwenhoek had discovered
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2000s

Development of omics technologies integrated
in system biology

1990s

i

DNA fingerprinting technology; production of
recombinant vaccines and hormones in
animal production such as somatotropin; first
field trials of GMOs; first commercial release
of GMOs; cloning of animals; production of
recombinant animal nutrition aids such as
enzymes, probiotics, single-cell proteins and
antibiotic feed additives

1980s

Commercial application of plant tissue culture
for the production of pathogen-free plants and
conservation of rare and endangered species

1970s

The first gene transfer into Escherichia coli;
monoclonal antibodies, PCR, direct artificial
insemination in animals reproduction;
micropropagation and protoplast fusion in plant
breeding; commercialization of embryo transfer
technology in animal production

1960s

1940s

Discovery of transformation, ‘jumping

genes’, transduction, double-helix DNA
structure. Use of mutagenesis, tissue culture,
plant regeneration techniques

1930s

Development of commercial hybrid crops

1900

Rediscovery of Mendels principles of heredity-

foundation of classical breeding methods

1600s

Microscope discovery — milestone for the
development of classical biotechnology

3000 BC

HRCICILIGNURNCR.

Crossbreeding — Mule and hinny

Fermentation — cheese and curd production;
winemaking; beer brewing;
bread making; meat sausages

’1000056

’ Domestication of wild animals and plants

13000 Bc

i

’ Hunter-gatherer societies

Fig. 1.3. The timeline of agriculture.

single-celled organisms in 1673 using a
handmade microscope, further progress in
cell investigation occurred almost 200 years
later. Theodor Schwann (1810-1882) and
Matthias Schleiden (1804-1881), the found-
ers of cell theory (1838-1839), confirmed that
all organisms are composed of one or more
cells, and that cells are the basic units of life
in all living things. The final major contribu-
tion to cell theory was made by the German
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pathologist Rudolph Virchow (1821-1902),
who summed up his research as follows:
‘Where a cell arises, there a cell must have
previously existed (Omnis cellula e cellula),
just as an animal can spring only from an
animal, a plant only from plant’ (Moore,
1999, p. 261).

Six years after Charles Darwin announced
his theory of evolution to the world in 1859,
in the book On the Origin of Species by Means
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of Natural Selection, Gregor Mendel present-
ed his results on peas obtained after 12 years
of systematic investigations in the famous
paper Versuche iiber Pflanzenhybriden [Exper-
iments in Plant Hybridization]. Mendel dis-
covered the basic principles of heredity, and
established the Law of Segregation (that
there are dominant and recessive traits passed
on randomly from parents to offspring) and
the Law of Independent Assortment, later
known as Mendel's Laws on Inheritance
(that traits were passed on independently of
other traits from parent to offspring). He
also proposed that this heredity followed ba-
sic statistical laws (Box 1.1). The scientific
community failed to recognize the huge im-
portance of this research for 34 years, until
the three botanists Carl Erich Correns, Erich
Tschermak and Hugo de Vries in their re-
search independently came to the same

conclusion about inheritance as Mendel. In
this way, Mendel’s work was rediscovered in
1900 and Mendel himself posthumously be-
came ‘the father of genetics’.

During the era of classical biotechnology
the development of vaccines and immuniza-
tion started. Edward Jenner, a country doc-
tor living in Berkeley, England, created the
world’s first vaccination for smallpox in
1796 (Baxby, 1981). His assertion ‘that the
cow-pox protects the human constitution
from the infection of smallpox’, published in
the work Inquiry into the Causes and Effects of
the Variolae Vaccine, laid the foundation for
modern vaccinology (Benenson et al., 1952).
Louis Pasteur (1822-1895), a French chem-
ist and biologist, successfully tested the first
human vaccine created in a laboratory, made
of an extract gathered from the spinal cords
of rabies-infected rabbits in 1885. Another

Box 1.1. Mendel’s experiment on Pisum sativum. (Adapted from Mendel, 1865, pp. 6—11).

The pea plant that was the subject of Mendel’s experiment can either self-pollinate or cross-pollinate,
because it has both male and female reproductive organs. Mendel successfully cross-pollinated pure
bred plants with particular traits in order to observe the offspring over many generations. For the purpose
of the experiment different characteristics of peas were selected: difference in the form of the ripe seeds,
difference in the colour of the seed albumen, difference in the colour of the seed-coat, difference in the
form of the ripe pods, difference in the colour of the unripe pods, difference in the position of the flowers,
difference in the length of the stem. Each pair with differentiating characteristics were united by
cross-fertilization.

1st experiment 60 fertilizations on 15 plants.

2nd experiment 58 fertilizations on 10 plants.

3rd experiment 35 fertilizations on 10 plants.

4th experiment 40 fertilizations on 10 plants.

5th experiment 23 fertilizations on 5 plants.

6th experiment 34 fertilizations on 10 plants.

7th experiment 37 fertilizations on 10 plants.

Mendel found that the hybrid plants obtained looked like only one parental strain, but produced
progeny that resembled both parental strains. Mendel referred to the trait that was expressed in the
F, plants as dominant and to the alternative form, which was not expressed in the F.. plants, as reces-
sive. In the first generation from the homozygous parent plants for all of the crosses, the progeny re-
sembled both parental strains in the ratio of three dominants to one recessive. The plants in the F,
generation were all heterozygous. The same ratio apparently occurs in the later F, generations as well,
but Mendel distinguishes that ‘it is actually 1:2:1, the ratio of true-breeding dominant to non-true-breeding
dominant to true-breeding recessive’. The following figures show the example of yellow and green pea
seeds (Y—yellow allele, G—green allele):

YY GG Parental generation
YGYGYG YG F, generation
YY YG YG GG F, generation
YY YY YY YY YY YG YG GG YY YG YG GG GG GG GG GG
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of his achievements was the development of
a vaccine for anthrax, a breakthrough im-
portant for agriculture (Pasteur and Cham-
berland, 2002).

A lot of genetics-related discoveries were
made in the 19th century: in 1831 a botanist,
Robert Brown, discovered the cell nucleus
and described it in the paper On the Organs
and Mode of Fecundation in Orchideae and
Asclepiadeae; and in 1868 a Swiss doctor, Fred-
erich Miescher, performed laboratory exper-
iments that led to deoxyribonucleic acid
(DNA) discoveries (because he had isolated it
from the cells’ nuclei, he named it nuclein).
However, an understanding of the impor-
tance of Miescher’s discovery, which can be
seen as the birth of molecular genetics, did
not occur until 75 years later. In 1881 at the
International Medical Congress in London,
Robert Koch, a German doctor, demonstrat-
ed a new solid medium technique which
could be used both to isolate pure cultures of
bacteria and to sub-culture them. One year
later Fannie Hesse suggested replacing gela-
tin with agar, and after that agar became the
most commonly used solid medium because
of its remarkable physical properties. Clearer
than gelatine, it resists digestion by bacterial
enzymes, melts when heated to around 85°C,
and yet when cooled, does not gel until it
reaches 34-42°C. And in 1888, the famous
German anatomist Heinrich Wilhelm Gott-
fried von Waldeyer-Hartz coined the word
‘chromosome’, in his paper Uber Karyokinese
undihre Beziehungen zu den Befruchtungsvorgdin-
gen [Karyokinesis and its Relation to the Pro-
cess of Fertilization].

After 1900, ‘systematics, evolution, phys-
iology, cytology, embryology and practical
breeding were in close contact at the birth of
genetics’ (Roll-Hansen, 2014, p. 2432). In
1902, a German physiologist, the father of
tissue culture Gottlieb Haberlandt, devel-
oped the concept of in vitro cell culture
(whereby ‘cultured plant cells could grow,
divide and develop into embryo and then to
whole plant’, or, in one word, ‘totipotency’,
as coined by Steward in 1968) (Rai, 2007). In
1909, the Danish biologist Wilhelm Jo-
hannsen coined the terms ‘gene’ (an abbre-
viation of Darwin’s and De Vries’ pangene,
from Greek gennao, to breed), ‘genotype’

(from gennao, to breed, and typos, an im-
print), and ‘phenotype’ (Greek phain-omai,
to appear and typos, an imprint). He used the
word gene to refer to the discrete determin-
ers of inherited characteristics: ‘The word
gene is fully free from any hypothesis; it only
expresses the securely ascertained fact that
at least many properties of the organism are
conditional on individual, separable and thus
independent “states”, “bases”, and “disposi-
tions” found in the gametes — briefly, just
what we want to call genes. (Johannsen,
1909) [English translation (by N.R.)].

In the 3rd edition of his book, Johannsen
wrote a sentence similar to what appeared
the 2nd edition from 1913: ‘On one side
there is the genotype as the constitution of
the organism; on the other side, there is the
environment — and the often rather compli-
cated cooperation between the genotype
and the environment conditions the realized
personal character of any organism, its phe-
notype.” (Johannsen, 1926).

In 1926, Thomas Hunt Morgan, an Amer-
ican embryologist and Nobel Prize winner,
used the name ‘gene’ in his book The Theory
of the Gene, where he described the five prin-
ciples of the gene: segregation, independent
assortment, crossing over, linear order and
linkage groups. In the same year, Fritz Went
discovered the first plant growth regulator
(PGR), indoleacetic acid, important for fur-
ther improvement in tissue culture (Rai,
2007). A new era in genetics development
was opened by the Nobel Prize winner Her-
mann Joseph Muller, an American geneticist
known as the founder of the field of radia-
tion genetics. Muller’s 1927 paper, Artificial
Transmutation of the Gene, demonstrates that
X-rays can induce mutations in the fruit fly
Drosophila melanogaster at a much higher
frequency than occurs in nature: within a
few weeks, more than 100 mutations were
discovered in the resulting progeny, about
half the number of all mutations discov-
ered in Drosophila over the previous 15 years.
H. J. Muller was also the first scientist to pro-
pose that bacteriophages might be related to
genes; and he made a prophetic statement in
1922: ‘Perhaps we may be able to grind genes
in a mortar and cook them in a beaker after
all’ (Sapp, 2003, p. 141).
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The first decades of the 20th century
brought big changes in agricultural produc-
tion, with the invention and commercializa-
tion of high-yield hybrid crops. Twenty years
after Harrison Shull and Edward Murray
East, working independently in 1908, re-
discovered and deepened Charles Darwin’s
research into inbreeding depression and
hybrid vigour in maize (‘heterosis’ was the
term Shull coined for this process), and
10 years after Donald F. Jones, in 1918,
made an announcement of the double cross
method, US farmers started to produce hy-
brid crops on a large-scale. Diffusion of hy-
brid crops in the 1930s had an important
socioeconomic impact, because farmers be-
gan to abandon the practice of keeping their
own seeds and started buying hybrid maize
seed on an annual basis (Duvick, 2001).

The first half of the 20th century brought
discoveries that saved millions of lives. In
1928, Sir Alexander Fleming discovered
penicillin and described the results of the
experiments in a paper for the British Jour-
nal of Experimental Pathology (Fleming, 1929).
Twelve years later, in 1940, Howard Florey
and Ernst Chain at Oxford University per-
formed a rat and mouse test and published
their results in the Lancet. The test was of
huge importance, because human testing of
penicillin began soon after that. The discov-
ery of penicillin led to the exploration of
many other antibiotics and metabolites and
was a huge step technically towards the first
scaled-up microbial mass culture under ster-
ile conditions (Fiechter, 2000). This saw the
start of ‘the golden age of industrial microbi-
ology’, and a new phase in the development
of a large number of commercially impor-
tant primary and secondary metabolites
(Demain and Fang, 2000).

The mid-20th century was characterized
by findings which paved the way for the de-
velopment of genetic engineering. In 1944,
Oswald T. Avery, Colin M. MacLeod and Ma-
clyn McCarty reported that DNA is the sub-
stance that causes bacterial transformation
(Streptococcus pneumoniae); in 1950 Barbara
McClintock, a pioneer in the field of cytoge-
netics, discovered transposable elements
known as jumping genes’ using maize as a
model organism, and proved that ‘the genome
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is not a stationary entity, but rather is sub-
ject to alteration and rearrangement’ (Pray
and Zhaurova, 2008, p. 169). Two years lat-
er, Joshua Lederberg and Norton Zinder dis-
covered transduction, the process by which a
virus transfers genetic material from one
bacterium to another. A groundbreaking
moment in the development of genetics and
the cornerstone of the development of mo-
lecular genetics, which would lead to the cre-
ation of genetically modified organisms
(GMOs) a few decades later, was the discov-
ery of the structure of DNA. In 1953 Francis
Crick, James Watson and Maurice Wilkins
discovered that DNA consists of two chains
twisted around each other — double helixes,
but in the opposite direction. The circular
structure of Escherichia coli DNA and enzyme
polymerase was discovered in 1957. Inter-
bacterial gene transfer was first described in
Japan by Ochiai and colleagues in a publica-
tion in 1959 that demonstrated the transfer
of antibiotic resistance between different
species of bacteria Shigella and Escherichia
with a plasmid, extrachromosomal circular
DNA (Kasuya, 1964). This transfer has
proved very important for the development
of transgenic techniques. The 1960s brought
discoveries about the regulation of gene ex-
pression and protein synthesis. A DNA seg-
ment (lac region) was moved from Escherichia
coli to another microorganism. Thus it was
shown that genes can be transferred and
chromosomes can be redesigned (Beckwith
and Signer, 1966).

In the 1960s other fields of science also
evolved, each at their own pace. The field of
biochemical engineering began to develop
after Hixson and Gaden’s article about oxy-
gen transfer was published in 1950 (Hixson
and Gaden, 1950). In the same period, ‘the
field of chemical engineering was maturing’
(Katzen and Tsao, 2000, p. 79) as well.

During the 1970s with the advent of re-
striction enzymes, tissue culture headed to-
wards a new research area (Rai, 2007). It was
demonstrated that DNA could be cut into
pieces by restriction enzymes, which were
isolated for the first time by Smith and Na-
thans from Haemophillus influenzae, and that
the clipped DNA part can be transferred to
the clipped plasmid part. Recombinant DNA
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created in this way may be/is biologically
active, and can replicate in the host bacterial
cell (Dimitrijevi¢ and Petrovi¢, 2004). Re-
garding the technology of recombinant
DNA, the most important discoveries were:
(i) the tumour-inducing principle of Agro-
bacterium tumefaciens (Ti plasmid) in 1973
by Zaenen et al. (Rai, 2007), the first gene
transfer into Escherichia coli (Fiechter, 2000),
which is generally accepted as the first true
success of gene technology; and (ii) the crea-
tion, by Hargobind Khorana in 1976, of an
artificial gene that functions in a bacterial
cell. A new era of technology related to diag-
nostics and therapeutics started after the
first production of monoclonal antibodies in
1975 (Liu, 2014). Regarding agricultural
production, the 1970s brought, among oth-
er things, production of the first somatic hy-
brid of Nicotiana by protoplast fusion (Rai,
2007), cryopreservation development, and
the commercialization of the embryo transfer
technology, stimulated by worldwide accept-
ance of artificial insemination technology
(Foote, 2002).

In the 1980s, great progress was made in
agriculture production, medicine and genet-
ics. This period saw the beginning of the
commercial application of plant tissue cul-
ture for the production of pathogen-free
plants and of the conservation of rare and
endangered species (Tsay, 2002); Karl Mullis
invented the polymerase chain reaction
(PCR), a process that has multiple applica-
tions in medicine, genetics, biotechnology,
forensics and paleobiology; insulin, the first
pharmaceutical made by genetically engi-
neered bacteria, was approved for use in the
UK and the USA (1982); and the first trans-
genic animals (mice) were produced.

In the early 1990s DNA fingerprinting
methods found extensive use in the areas of
forensics and establishing paternity, but also
in agriculture for the characterization and
detection of genetic diversity, origin authen-
tication, variety identification, parentage
testing and breeding of animals, and detec-
tion of GMOs. The production of recombi-
nant vaccines and hormones used in animal
production also started in that period. In
addition, the 1990s saw the largest life
science project ever conducted, the Human

Genome Project, aimed at ‘reading’ the
whole genome; Dolly the sheep was the first
animal to be cloned from an adult cell; and
the first field trials of genetically engineered
plant varieties were followed by the first
commercial release, as a result of which,
GMOs entered the food chain.

The 2000s were the years of the develop-
ment of the ‘omics’ technologies ‘aimed
primarily at the universal detection of genes
(genomics), [messenger ribonucleic acid]
mRNA (transcriptomics), proteins (proteom-
ics) and metabolites (metabolomics) in a spe-
cific biological sample in a non-targeted and
non-biased manner’, integrated into systems
biology, which represents ‘biological research
focusing on the systematic study of complex
interactions in biological systems using in-
tegration models’ (Horgan and Kenny, 2011,
p. 189).

1.1.1 Biotechnology as a reflection

of human history

The brief review of the development of bio-
technology presented above is also a reflection
of human history. From the very beginning,
basic human needs have remained the same.
Ensuring a reliable food supply has certainly
been an equally vital concern of all states,
whether ancient or modern. In other words,
from the first proper cities in southern Mes-
opotamia (beginning with the city of Uruk)
during the Uruk (c. 3400-3200 BC) and Jam-
det Nasr (c. 3200-3000 BC) periods, until the
present time, food technology and rise of
the state have been interconnected and have
continued to develop in parallel.

When we consider the number of plant
and animal species used for human con-
sumption today, we can see that not much
has changed when compared with ancient
times. Our survival still depends on the 100
higher plants that were domesticated out of
200,000 accessible species, and the 14 domes-
ticated large terrestrial mammalian herbi-
vores and omnivores weighing 45 kg or more
(out of 148 possible species) (Diamond,
2002). Wealthy Romans enjoyed a wider
range of animals than is commonly eaten
these days: pork, mutton, goat, lamb, horse,

Al'l use subject to https://wmv. ebsco. conlterns-of-use



EBSCChost -

10 T. Brankov and K. Lovre

wild boar, deer, hare, and beef, but also ass,
fox, hedgehog, and dog (including puppy).
They also routinely consumed oat and millet,
beans and pulses, peas, chickpeas, lentils,
vetches, linseed, sage, lupin seeds, hedge-
mustard, cucumber seeds, sesame, safflower,
eggs, cheese, wine, vinegar and honey. Their
diet also included a wide range of fruits and
vegetables such as apples, pears, mulberries,
quinces, figs, grapes, almonds, lettuce, cab-
bage, anise, onion, garlic, asparagus, mint,
spinach, etc. (Wilkins and Hill, 2006). The
world oldest recipes, the ‘Yale Culinary Tab-
lets’, dating from 1700 Bc, describe a varied
and sophisticated cuisine in the ancient
Near East (Curtis, 2001), with dishes pre-
pared by cooking on an open fire - using dif-
ferent kinds of meat, such as lamb, mutton
and stag, spiced with onion, garlic, leek,
mustard, and cumin and coriander — and a
large selection of stews and broths.

The Romans experienced food shortages,
with meat and fish often being high-status
foods. Homer’s heroes feasted on beef. We
are still fighting against hunger; and meat
demand is still associated with higher income
and, compared with other commodities, meat
is characterized by high production costs
and high output prices.

What has changed? Man has walked away
from nature. Firstly, he largely destroyed
it; and then he has tried to re-establish the
former equilibrium. The most obvious re-
flection of this can be seen in the high valua-
tion of organic, pure food in the modern
diet, which is almost the same as the food
consumed by the vast majority of ancient
Romans, particularly poor Romans, who
survived on vegetables, chickpeas, beans,
apples, figs and birds as the most common
meat. Secondly we have seen the severe en-
vironmental collapse of the cradle of civili-
zation, the Fertile Crescent, particularly
regarding soil erosion, deforestation, salini-
zation and climate change threat. Thirdly, we
have seen changes in nutritional diseases. In
ancient times, cases of metabolic, diet-related
diseases were rare, although an early African
Homo erectus, classified as KNM-ER 1808,
could have had hypervitaminosis A (Ungar,
2007). Even in the BC era, the importance of
proper nutrition and appetite control was
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recognized, including by those of the high-
est rank. A good example of this was Alexan-
der the Great (356 BC-323 BC), a moderate
eater who successfully resisted pressure
from his mother Olympia to eat more cakes
and bakery products. Despite this early un-
derstanding of nutrition, in the 21st century
we are facing a global obesity pandemic as
the leading cause of soaring rates of differ-
ent metabolic diseases.

In addition, the centres of power in food
production have changed over time. As Dia-
mond points out, there is almost no overlap
between the most productive areas for farm-
ing in the past and today. In ancient times,
the most productive areas were: ‘The Fertile
Crescent, China, Mesoamerica, Andes/Ama-
zonia, Eastern North America, Sahel, Tropi-
cal West Africa, Ethiopia and New Guinea’,
areas rich in native plant and animal species.
Today, the most suitable areas for farming
include ‘California, North America’s Great
Plains, the pampas of Argentina, the South
African Cape, the Indian subcontinent, Java
and Australia’s wheat belt’ (Diamond, 2002,
p- 702). The reasons for this change are very
complex and touch upon economic, political
and cultural issues.

Advances in science and huge technolog-
ical changes have certainly improved the
quality of life, but have also increased man’s
expectations and led to more sophisticated
methods of conflict with rivals, compared
with ancient warfare. In opposition to the
efforts of many scientists who put their
knowledge at the service of mankind and
who have been working towards the com-
mon good in order to save human lives,
anti-humanist movements have also devel-
oped. One example is the eugenics move-
ment. Eugenic ideology is based on the
belief that genetic traits determine social
stratification. Francis Galton, a European
theorist who coined the term ‘eugenics’ in
1883, in his book Inquiries into Human Facul-
ty and Its Development stated, ‘Eugenics is
the study of all agencies under social control
which can improve or impair the racial qual-
ity of future generations’ (Signil, 2012,
p. 114). Some members of the white Ameri-
can elite have accepted a belief that lower
classes and minorities (black Americans,
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Mexicans, non-assimilated European im-
migrants, poor white Americans) are genet-
ically inferior and therefore only capable of
reproducing genetically inferior offspring.
Under the leadership of Charles Davenport,
a zoologist, and with the financial help of
the Carnegie Institute, the Rockefeller
Foundation and wealthy individuals, polit-
ical leaders and other supporters of the
movement started to promote the superior-
ity of the Nordic race. This politics led to the
sterilization of more than 80,000 people in
the USA, as the idea of eugenics began to
spread around the globe. A particularly fer-
tile ground was found in Nazi Germany
(Daniels, 2005). Under the influence of the
eugenic ideology, the USA adopted the Im-
migration Act in 1924, the federal law that
set immigration quotas for individual coun-
tries in order to exclude Asians and people
from Southern and Eastern Europe (pri-
marily Jews and Slavs), while allowing sig-
nificant immigration from northern and
Western Europe.

Similarly, new transgenic technology,
apart from having unsuspected beneficial
applications, can also be used for destruc-
tive purposes such as bioterrorism; it can
lead to the deepening of social inequalities,
establishing the monopolistic position of
multinational corporations, the leadership
of certain countries and the subjection of
others. Unlike maize hybrids, which were
accepted without public outcry in the
1930s (Duvick, 2001), GMOs have caused
a lot of dissatisfaction, fear and resistance
around the globe, and opened a broad de-
bate that is still going on. Two decades
after the first transgenic crops were com-
mercialized, we are still ‘not in heaven or
on earth’ when it comes to definitive an-
swers from the scientific community. There
is still no consensus about whether or
not genetically modified foods are safe for
human health and the environment. Dif-
ferent countries follow different policies
regarding GMOs; trade wars cease, and
start again; multinational corporations
propagate their policies, often using all
possible means; and non-governmental or-
ganizations (NGOs) opposing transgenic
technology continue with their activities, too.

Nevertheless, genetically modified food has
entered the food chain, and there is no
doubt about that.

1.2 Definitions of Biotechnology

The word biotechnology is a cross between
the Greek words ‘bios’ (everything to do
with life) and ‘technikos’ (involving human
knowledge and skills). The term ‘biotechnol-
ogy’ was coined by a Hungarian expert, Karl
Ereky, in his book Biotechnologie der Fleisch-,
Fett- und Milcherzeugung im landwirtschaftli-
chen Grossbetriebe [The Biotechnology of
Meat, Fat, and Milk Production in the Agri-
cultural Plant] published in 1919. The term
was used to denote production processes by
which products (bread, cheese, wine) were
derived from raw materials with the help of
living organisms.

There is no single definition of biotechnol-
ogy. Different countries and different organ-
izations define it differently. Most often the
European Commission (EC) and the Food
and Agriculture Organization (FAO) use the
definition stated by the United Nations Con-
vention on Biological Diversity (UN CBD):
‘any technological application that uses bio-
logical systems, living organisms, or deriva-
tives thereof, to make or modify products or
processes for specific use’ (EC, 2010, p. 3).

The European Federation of Biotechnology,
a non-profit organization aimed at promoting
biotechnology, defines biotechnology as ‘the
integrated use of biochemistry, microbiology,
and engineering sciences in order to achieve
technological (industrial) application of the ca-
pabilities of micro-organisms, cultured tissue
cells, and parts thereof’ (Bull et al., 1982, p. 60).

The Organization for Economic Coopera-
tion and Development (OECD) has used a
single broad definition, which says that bio-
technology consists of ‘the application of
science and technology to living organisms,
as well as parts, products and models there-
of, to alter living or non-living materials for
the production of knowledge, goods and ser-
vices’ (OECD, 2016a).

The American Chemical Society (ACS)
considers that ‘Biotechnology (biotech) in-
volves the study and use of living organisms
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or cell processes to make useful products’
(ACS, 2016).

There are many other definitions of bio-
technology, such as:

‘Biotechnology is the use of living organ-
isms or other biological systems in the man-
ufacture of drugs or other products or for
environmental management, as in waste re-
cycling: includes the use of bioreactors in
manufacturing, microorganisms to degrade
oil slicks or organic waste, genetically engi-
neered bacteria to produce human hormones,
and monoclonal antibodies to identify anti-
gens’ (Academic Dictionaries and Encyclo-
pedias, 2016).

‘Biotechnology is the controlled use of bi-
ological agents such as microorganisms or
cellular components for beneficial use’, US
National Science Federation (Biotechnology
4u, 2016).

Biotechnology is ‘the application of bio-
chemistry, biology, microbiology and chemi-
cal engineering to industrial processes and
products and on the environment’, Interna-
tional Union of Pure and Applied Chemistry
(Biotechnology 4u, 2016).

‘Biotechnology is an activity to modify
living organisms or processing biological
material according to anterior design, which
is based on modern life science, and com-
bined with advanced engineering technolo-
gy and other basic science theory, to provide
products or services’, China, Shanghai Science
and Technology Commission (OECD, 2016b).

“The technology of living systems: (i) a dis-
cipline that studies the possibility of using
living organisms, their systems or their meta-
bolic products to solve technological problems,
as well as the possibility of creating living
organisms with the necessary properties by
genetic engineering; and (ii) use of biological
structures for production of food and indus-
trial products and for targeted transforma-
tions. Biological structures in this case are the
microorganisms, plant and animal cells, cell
components, such as membrane cells, ribo-
somes, mitochondria, chloroplasts, as well as
biological macromolecules (DNA, RNA, pro-
teins — mostly enzymes)’, Russian Ministry of
Economic Development (GAIN, 2012).

From the foregoing definitions, although
each is different from the others, it can be

concluded that biotechnology encompasses a
wide segment of activities; and that it covers
traditional, borderline and modern technolo-
gies used in industry, medicine and agricul-
ture, thanks to its ability to apply to all living
entities and organisms: viruses, bacteria,
plants and animals. Thus, it is more appro-
priate to narrow the definition, and in fact to
define traditional biotechnology and modern
biotechnology separately, as has been done
in the Cartagena Protocol on Biosafety. The
Protocol defines modern biotechnology as
the application of: (i) in vitro nucleic acid
techniques, including recombinant DNA and
direct injection of nucleic acid into cells or
organelles; or (ii) fusion of cells beyond the
taxonomic family, that overcome natural
physiological reproductive or recombination
barriers and that are not techniques used in
traditional breeding and selection.

In addition to the widely accepted defini-
tions of the CBD, the FAO have used a narrow
definition which states that biotechnology is
‘a range of different molecular technologies
such as gene manipulation and gene transfer,
DNA typing and cloning of plants and ani-
mals’ (FAQ, 2004, p. 8).

When one considers agriculture alone,
there are many biotechnologies that differ
significantly, ‘from biotechnologies that are
relatively “low-tech” (such as biofertilizers,
biopesticides or tissue culture in crops/trees;
artificial insemination in livestock; fermen-
tation and use of bioreactors in food pro-
cessing), to those that are more “high-tech”
(such as use of PCR-based methodologies for
disease diagnosis, marker-assisted selection,
genomics or in vitro fertilization in live-
stock)” (FAO, 2016). Unlike recombinant
DNA technology, these technologies ‘do not
normally require any specific regulatory ap-
proval, meaning that they can be quickly
adopted by farmers and that the costs of re-
lease are low’ (FAO, 2016).

1.2.1 Biotechnology classification

by colour

Biotechnology classification by colour in rela-
tion to application, as proposed by Martinez

Al'l use subject to https://wmv. ebsco. conlterns-of-use



EBSCChost -

printed on 2/12/2023 10:53 PMvia .

Ancient, Classical, and Modern Biotechnology 13

(Martinez, 2010), is quite accepted nowa-
days. According to this classification, there
are five types of biotechnology: red, white,
grey, green, and blue. Red biotechnology is
used to define various types of biotechnol-
ogies applicable in medical science, such as
developing of new drugs and therapies,
production of vaccines, antibodies and anti-
biotics, cell and gene therapy, and regen-
erative medicine. White biotechnology or
industrial biotechnology brings together all
biotechnologies used in industrial processes.
Relevant examples of white biotechnology
are industrial fermentation (use of microor-
ganisms for this purpose), production of
new materials (plastic, paper, detergents,
and textiles), or production of biofuels. Grey
biotechnology refers to applications used in
regards to the environment. There are two
main issues in the focus of grey biotechnolo-
gy: biodiversity maintenance and contami-
nant removal. For this purpose, different
techniques (e.g. cloning) and tools (e.g. mi-
crobes) of molecular biology are used for
species analysis or for isolation and disposal
of harmful substances. Green biotechnolo-
gy includes all activities, procedures and
approaches connected with agriculture, re-
gardless of whether they are traditional
(e.g. selection and crossbreeding) or modern
(e.g. transgenic technology), with the ten-
dency to improve resistance to pests and
crop diseases and nutritional value, and to
develop bio-factory plant varieties. Finally,
blue biotechnology is focused on marine and
aquatic resources - in fact, on their exploita-
tion in order to obtain industrially impor-
tant products.

1.2.2 Definitions of genetic engineering,
GMOs and GM food

For a single definition of genetic engineering,
also known as recombinant DNA technolo-
gy, genetic modification, gene technology or
transgenic technology, the following formu-
lation might be useful: ‘The formation of
new combinations of heritable material by
the insertion of nucleic acid molecules into
any virus, bacterial plasmids or other vector

system, so as to allow their incorporation
into a host organism in which they do not
naturally occur, but in which they are capa-
ble of continued propagation’ (EC, 1998).

Using recombinant DNA technology,
one or more genes (called transgenes) from
one organism can be introduced into the
genetic material of another organism. This
gives birth to a new organism without sex-
ual reproduction, which is called a GMO.
The World Health Organization (WHO) de-
scribes GMOs as: ‘organisms (i.e. plants,
animals or microorganisms) in which the
genetic material (DNA) has been altered in
a way that does not occur naturally by mat-
ing and/or natural recombination, while
‘foods produced from or using GMOs are
often referred as to genetically modified
foods’ (WHO, 2016).

The diversity of the use of biotechnology
for scientific, medical, agricultural, and indus-
trial purposes, as well as the diversity of tech-
niques used, regardless of whether they are
traditional or modern, clearly indicate a need
to separate the term biotechnology from the
term genetic engineering. That is why we can-
not agree with the authors who suggest the
term biotechnology can be used as a synonym
for (a single biotechnology-) transgenic tech-
nology, i.e. genetic engineering.

Considering that the term agriculture re-
fers to crops, livestock, fish, and forestry
products, the phrase genetic engineering in
agriculture covers the use of transgenic tech-
nology in any of these sectors. Since there
is no commercially important application of
recombinant DNA technology in livestock,
fish, and forestry production, the phrase
genetic engineering in agriculture usually
refers to crops only.
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Genetically Modified Foods
in the Light of Food Regimes

Understanding of the world food system in a
broader context, its crises, food prices, envi-
ronmentally hazardous agro-industrialization,
and food sovereignty movements, as well as
the diffusion of transgenic foods, is almost im-
possible without analyses of food regimes.
Buttel (2001, pp. 21-24) wrote: ‘Beginning in
the late 1980s, the sociology and political
economy of agriculture began to take a dra-
matic turn. The extent of the shift in the liter-
ature was not entirely apparent at the time,
because at a superficial level the concepts
and vocabulary of late 1980s and early 1990s
agrarian studies did not depart sharply from
those of the new rural sociology. The lexicon
continued to be primarily that of Marxist/
class categories. But only 5 years after the
seminal piece — Friedmann and McMichael’s
1989 Sociologia Ruralis paper on food regimes —
was published, the sociology of agriculture
had undergone a dramatic transformation. ...
this article on food regimes was arguably the
seminal piece of scholarship in the abrupt
shift away from the new rural sociology, and
“regime-type” work has proven to be one of
the most durable perspectives in agrarian
studies since the late 1980s, in large part
because it is synthetic and nuanced.

Thus, this chapter first presents the concept
of the food regime and some major events af-
fecting the formation of the first (1870-1914),
the second (1950s-1970s) and the third food

regime (late 1980s-). We then describe the
supranational regulatory context relevant to
transgenic technology: the role of the
World Trade Organization (WTO) and its
agreements - the Agreement on Trade-Related
Aspects of Intellectual Property Rights
(TRIPS) and the Sanitary and Phytosanitary
Measures Agreement (SPS) — as well as their
opposition, the biodiversity-related CBD
agreement. Based on the supranational trade
agreements, many national initiatives have
been taken place around the globe. However,
the principal drivers of worldwide regula-
tory activity on GMOs are two superpowetrs,
the USA and the EU. GMOs have become big
business in the USA, while the EU created seri-
ous obstacles to the export of the transgenic
products from the USA. Countries that rely
on the EU or the USA have aligned their regula-
tions accordingly. Other countries, less de-
pendent on EU or US markets, such as China,
Brazil, India and Russia ‘have adopted regula-
tion whose stringency lies somewhere in be-
tween the EU and the US model’ (Bernauer
and Aerni, 2008, p. 7). Unlike all the coun-
tries mentioned so far, and despite pressure
from the USA, EU and WTO, Serbia has
adopted a unique GMO policy that forbids all
production, commercialization and importa-
tion of transgenic crops and products.
National GMO regulation cannot be
properly understood without knowing the
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role of agriculture in each country. Therefore
in this chapter, we describe the interests and
positions of the different countries (the USA,
the EU, BRICS, and Serbia) regarding the
GMO issue through basic agricultural perfor-
mance, trade relations and public attitudes
toward GMOs. On the whole, the chapter sug-
gests that national GMO politics should not be
analysed separately, but as an integral part
of agricultural policy. Furthermore, analyses
suggest that the countries whose main goal
is to achieve self-sufficiency have adopted
strong regulatory powers. By contrast, the
countries whose main goal is to expand
exports have approved a weak regulatory
approach to GMOs. This chapter shows that
transgenic technology should be interpreted
as a logical continuation of the intensification
and industrialization of agricultural produc-
tion that started during the second food
regime. The biggest argument for this claim
is soy. Since 1930s soy has been an excellent
source of foodstuffs and feedstuffs, and was
at the centre of the post-war transformation
of agriculture and international division of
labour. Today, transgenic soy has broken all
the barriers of national regulations and found
its way into all parts of the world. Regardless
of whether countries adopted a de jure prohi-
bition of cultivation, or accepted substantial
equivalence approaches, all have accepted
transgenic soybeans. Even Serbia has im-
ported certain quantities of transgenic soy-
bean meal in years when there have been
food shortages. Thus, it is hardly to be ex-
pected that any kind of effort can fully elim-
inate products of transgenic technology from
the food system. Most probably, the benefit
of resistance to GMOs will be to create some
GMO-free niches.

2.1 Food Regime Theory

The concept of the food regime relies on a com-
bination of two theories: regulationism and
world-systems theory (Magnan, 2012). Ac-
cording to the regulationist perspective, there
is a specific type of time interval within cap-
italism called a regime of accumulation, which
is ‘a systematic organization of production,
income distribution, exchange of social product,

and consumption’ characterized by rela-
tively stable economic development. Such
moments are typified by extensive accumu-
lation, as in the 19th century, ‘in which the
investment of constant capital, including
investments in iron and steel, railway con-
struction, and shipbuilding itself, validated
the growth of department 1;' or intensive
accumulation, particularly after World War II,
‘in which the conditions of existence of the
wage-earning class were transformed through
the articulation of mass production and mass
consumption’ (Dunford, 1990, pp. 305-306).
These regimes have been separated from each
other by crises of capitalism: the cumulative
collapse in 1929, causing a crash of the ex-
tensive accumulation, and the crisis of the
1970s, causing a deterioration of the inten-
sive accumulation and opening the door for
the establishment of a new regime. At the
same time, ‘world-systems theory conceives of
social change as occurring from the dynamic
interplay of global capital accumulation and
a hierarchical system of states, over succes-
sive periods of hegemony (economic, social,
and political leadership vested in a domi-
nant state) and transition’ (Magnan, 2012,
pp. 463-464).

By combining these two theories, the
food regimes concept has been defined, refer-
ring to ‘a relatively bounded historical period
in which complementary expectations govern
the behavior of all social actors, such as farm-
ers, firms, and workers engaged in all aspects
of food growing, manufacturing, services, dis-
tribution, and sales, as well as government
agencies, citizens and consumers’ (Friedmann,
2009, p. 125). ‘Key elements identified, and
that bear on the determinants and drivers,
“shape” and consequences, and struggles of
different food regimes, are: the international
state system; international divisions of labour
and patterns of trade; the “rules” and discur-
sive (ideological) legitimations of different
food regimes; relations between agriculture
and industry, including technical and environ-
mental change in farming; dominant forms
of capital and their modalities of accumula-
tion; social forces (other than capitals and
states); the tensions and contradictions of
specific food regimes, and transitions be-
tween food regimes’ (Bernstein, 2015).
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Friedmann and McMichael in their fa-
mous paper of 1989 recognized three food
regimes: the first (1870-1914), the second
(1950s-1970s), and the third possibly emer-
gent food regime (late 1980s-). Subsequently
McMichael dated the first food regime from
the 1870s to the 1930s (McMichael, 2009).
The same author in his individual work made
use of some new notions. Instead of ‘the
food regime’, there was ‘the food regime pro-
ject’; instead of ‘the first food regime’, he
used ‘the colonial project’; ‘the second food
regime’ he called ‘the development project’;
while ‘the third food regime’ he designated
as ‘the globalization project’ (Bernstein,
2015). From the other side, Friedmann in
her work designated the first regime as ‘the
settler-colonial food regime’, the second as
‘the mercantile-industrial food regime’, and
the third as ‘the corporate-environmental’
(Friedmann, 2005, 2009). Between these
two authors, as well as among other food re-
gime scholars, there is a longstanding debate
about whether a food regime is currently in
place. According to Friedmann we are now in
a period of transition to a potentially new
food regime characterized by ‘the prolifera-
tion of private food standards, supermarket
power, and consumer-led food politics’
(Magnan, 2012, p. 474) which we have not
completely established yet. On the other
hand, McMichael holds the position that the
third food regime has emerged, ‘organized
around a politically constructed division of
agricultural labor between Northern staple
grains traded for Southern high-value prod-
ucts (meats, fruits and vegetables)’ (McMi-
chael, 2009, p. 148), and driven by WTO
rules. Apart from disagreements about the
focus of the third regime, the authors basi-
cally agree on the concepts of the first two
food regimes. The first food regime took
place under British hegemony and was ‘cen-
tered on the Atlantic trade between England
and the Americas, which was consolidated
after 1870, but also included settler regions
that have since declined, such as the Dan-
ube Basin and Punjab in British India; the
second expanded after World War II to in-
clude all the former colonies of Europe, but
excluded the Soviet bloc until its collapse,
and hinged on the USA as a rule-maker and
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consequently a dominant exporter’ (Fried-
mann, 2009, p. 125).

2.1.1 The first food regime

During the first food regime, a new division
of labour among the three main actors -
European powers, settler-states (North America
and Australasia), and ‘occupied’ colonies -
was established. Europe, already at an im-
pressive stage of economic growth thanks
to associated profits from colonialism and
slavery in the post-1500 period, and the USA,
a new settler-state, colonized the rest of
Africa and Asia, and subjected them as well as
the other colonies to direct metropolitan rule.
Colonies were obliged to supply the major
powers with ‘tropical and sub-tropical crops
including sugar, coffee, tea, tobacco, and co-
coa, many of which had assumed a new im-
portance in working class European diets’
(Magnan, 2012, p. 468) as well as with ‘raw
material for industry, cotton, rubber, indigo,
jute, copper, and tin’ (Friedmann and McMi-
chael, 1989, pp. 97-98). A momentous inno-
vation, with the first SS Frigorifique meat
transport from Argentina in 1877, the ship
refrigerator opened a new era in trade and in-
ternational relations (Hyatt, 1997) because it
enabled the extension of products offered
and increased transportation distances. In
parallel with the process of colonialism’s cul-
mination, during this extensive stage of capi-
talism settler-states developed independent
national economies which become competi-
tive with the imperial power. The new inter-
national division of labour, in which Europe
imported meat and wheat from settler-states
in exchange for export of capital, labour and
processed products, represented the core of
the first food regime and paved the way for
the trading of competitive products. ‘The
most important fact to note is that in the set-
tler-colonial food regime, power and wealth
resided in the importing countries, which ex-
ported capital and labour to improve (or, as
we would now say, develop) lands taken by
force from indigenous peoples. The settler-
colonial regime also laid the basis for the
later industrialization of agriculture, paradox-
ically through the invention of the modern
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family farm’ (Friedmann 2009, p. 125), where
there is a new class of farmers from settling
European emigrants who are dependent on
the export market. ‘A final legacy of the settler-
colonial regime was the globalization and
simplification of a wheat-beef diet’. In general,
the quality of consumed food declined, because
inexpensive wheat and meat, and canned
and sugared food, replaced coarse grains and
a variety of local foods rich in nutrients,
while ‘opium-based medicines blunted hunger
and its effects’ (Friedmann, 2009, p. 127).

As the demand for wheat products grew,
millions more acres were ploughed and
planted for monoculture. Uncontrolled ex-
ploitation of North American virgin land led
to the Dust Bowl of the 1930s, while low
prices led to the Great Depression. All these
things, associated with the consequences of
World War I and the inability of the gold
standard to pass a test of war, marked the
breakdown of the first food regime. Simulta-
neously, this signalled the end of the first food
regime framework, as expressed in relatively
free trade in goods, labour and capital. ‘The
collapse of the settler-colonial food regime
left four enduring legacies which helped to
shape new relations of power, property, and
trade in the subsequent regime: a labor short-
age in agriculture; deeply commodified farms;
efficiency measures based on land-extensive
monocultures; and the globalization and
democratization of a diet based on wheat and
beef’ (Friedmann, 2009, p. 127).

2.1.2 The second food regime

After the first food regime collapsed, a new
era of comprehensive attempts at adminis-
trative intervention in agricultural policy
started. The New Deal Agriculture Adjust-
ment Act was passed by the US Congress in
the spring of 1933. The New Deal instituted
price support for basic agricultural com-
modities in order to achieve a more equitable
distribution of national wealth between agri-
culture and industry (Skocpol and Finegold,
1982). Since new technologies and farming
methods increased production efficiency, the
ultimate effects of the production control

based on the restriction of a planted area were
seriously challenged. In order to directly sub-
sidize agricultural exports and to make loans
to farmers for buying and selling commod-
ities, the USA introduced two new institu-
tions: the Grain Stabilization Board and the
Commodity Credit Corporation (CCC). ‘The
CCC became a vehicle for managing agricul-
tural surpluses and the basis for the first
structured US food aid programs drawing on
the mounting food surpluses. The scope of the
CCC was widened by an amendment to the
Agricultural Adjustment Act in 1935, which
authorized its use of customs revenues to
subsidize agricultural exports and encourage
domestic production’ (Shaw, 2007, p. 13). ‘US
farm policy was designed not to be transpar-
ent (what were effectively subsidies were
called “loans”) and to raise agricultural prices
rather than directly subsidizing farm incomes.
An elaborate system of government purchases
removed enough wheat or other commodi-
ties from the market to achieve target prices
set by Congress. The result was surpluses held
by government agencies. These put downward
pressure on prices and therefore became
self-perpetuating’ (Friedmann, 2005, p. 239).
Completely opposite to the US policy was
Britain’s system of deficiency payments. This
was an example of a transparent policy with-
out trade-distortive effects, and consistent
‘with the World Food Board proposal and
with liberal international trade... The gov-
ernment set target incomes for farmers and
paid the difference between actual and tar-
get incomes out of general revenues. No sur-
pluses accumulated anywhere, and prices to
consumers were not affected’ (Friedmann,
2005, p. 239).

As supply largely exceeded demand, sev-
eral international control schemes mainly
aimed at defending prices appeared after the
economic catastrophe in 1929. Apart from
agreements associated with tin, rubber and
copper in the 1930s, a control scheme was also
established for sugar, wheat and tea. An Inter-
American Coffee Agreement setting the ex-
port quotas to the USA was signed between
the USA and many Latin American countries
in 1940. But the outbreak of World War Il inter-
rupted the implementation of this scheme as
well as negotiation about the Wheat Agreement.
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In contrast to the pre-war period when sup-
ply was higher than demand, in the post-war
period the world faced a shortage of food
which lasted until 1948 (Raffaelli, 2009).
Under those circumstances, the measures of
state intervention changed, because there was
an obvious need for pricing strategy, cutting
depression and stabilizing primary commod-
ities production. In order to increase food
production the USA increased price support
for crops and introduced support for animal
products. In addition to changes in food
security, the entire political picture of the
world changed after World War II. Germany
was totally defeated, Japan suffered the con-
sequences of extensive bombing, France had
to recover from the Nazi occupation, the UK
had lost the status of imperial power, while
Russia (Soviet Union) was devastated by land
warfare, but with a possibility to become a
superpower thanks to its great resources and
population. The US economy was the only one
greatly stimulated by the war, so US hegem-
ony began during the war, reaching its peak
some 30 years later. The USA has used this
new position, among other things, for the im-
position of trade rules in order to protect and
distribute its own surplus. The USA launched
the idea of establishing the International
Trade Organization (ITO). The International
Conference on Trade and Employment was
held in Havana from November 1947 to March
1948. The General Agreement on Tariffs and
Trade (GATT), a multilateral agreement reg-
ulating international trade, was negotiated at
the conference as an outcome of the failure of
negotiating governments to create the ITO.
The GATT agreement required removing trade
barriers on internal trade, but at the same time
it allowed the possibility of excluding agricul-
ture from total liberalization. The Agreement
‘allowed the US to retain domestic commod-
ity programs, which were incompatible with
the GATT since they depended on the use of
both import controls and export subsidies’
(Magnan, 2012, p. 470). Apart from this, the
USA introduced new practices that shaped the
second food regime. ‘The most remarkable in-
novation of US hegemony was aid in the form
of sales of US goods for soft currencies held
by the US government as counterpart funds’
(Friedmann, 2005, pp. 239-240).
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Post-war price support in the USA and
Canada led to a large food surplus that had to
find its market. Following the Marshall Plan,
the European Recovery Program, and taking
advantage of the new monetary rules - a
dollar-based international system instead of
the gold standard, the largest ever transfer
of bilateral aid was effected: ‘Of the total aid
package of $13.5 billion supplied between
1948 and 1953, about a quarter was commit-
ted in food, feed and fertilizer’ (Shaw, 2007,
p- 13). Marshall’s transfer was very important
because it ‘simultaneously established the
basis for Atlantic agro-food relations’ and
invented a foreign aid mechanism ‘later
adapted to the third world’ (Friedmann, 1993,
p- 35). In return for its openness to US exports
of maize and soy used as feeds in ‘livestock
complex’ development, the USA supported the
high level of protection of European wheat
and dairy products. US food aid also contrib-
uted to the ambitious development plans of
the newly decolonized Third World. As Fried-
mann emphasized, the application of food aid
to underdeveloped countries under US Public
Law 480 in 1954 was the foundation of the
second food regime (Friedmann, 2005, p. 241).
‘“This created the conditions of a potential
scissors effect for many poor, primarily agri-
cultural, countries: one blade being increasing
food import dependence, the other the fluc-
tuating but generally declining terms of trade
for their historic export crops’ (Bernstein,
2001, p. 35). Thus, food aid served the USA to
achieve the defined objectives of its internal
and external policies: to protect the income
of American farmers from their own over-
production; to resolve fiscal problems of the
state budget; to establish the dependence
on inexpensive American wheat in new de-
colonized territories that hitherto had been
largely self-sufficient in staple food pro-
duction; and to encourage recipients and
competitors to replicate the US model in
production and consumption by adopting
national regulation of agriculture and trade.
In addition, food aid contributed to the achieve-
ment of anti-communist strategic goals during
the Cold War.

The second food regime had a distinctly
industrial character. The already difficult posi-
tion of former colonies caused by dependence
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on cheap American wheat and price dump-
ing worsened with the growth of industrially
processed substitutes which eroded tradi-
tional Third World exports. Artificial sweet-
eners, high-fructose corn (maize) syrup and
soy oil replaced tropical sugar and oils, two key
tropical export products (Friedmann and
McMichael, 1989). Family farms were encour-
aged to cooperate with corporations supply-
ing these inputs. During the regime a Green
Revolution campaign was launched to develop
and apply high-yielding grains, primarily
wheat and rice in the developing countries of
the tropical and subtropical belts. The Green
Revolution answered the problem of hunger
in some parts of the world. Furthermore, it
was used for solving some social and politi-
cal problems, such as stopping the spread of
communism (Fowler and Mooney, 1990).
The Revolution also helped transform agri-
culture into agribusiness because the increased
need for fertilizers, pesticides and machin-
ery could be met only by the corporations
(Paul and Steinbrecher, 2003). Technological
solutions made farmers dependent on agro-
input corporations, their production became
more specialized, areas under monocrop-
ping arose, while the border between agri-
culture and industry was completely erased.
Corporations increased their control of the
food supply chain. The merging of agriculture
and industry spawned a new manufactured
diet based on ‘fats and sweeteners, supple-
mented with starches, thickeners, proteins,
and synthesized flavors’ (Friedmann, 2009,
p- 131). US consumers quickly accepted man-
ufactured foods and changed their consump-
tion pattern. As Huang observed for the
period 1953-1983 with his statistical model
for large-scale demand system estimation,
‘if consumer spending increases consump-
tion of certain processed food will increase
significantly. These items are fruit juice,
canned tomatoes, fruit cocktail, dried beans
and peas, other processed fruit and vegeta-
bles, and cheese’ (Huang, 1985, p. iii). Turn-
ing to a durable food complex resulted in a
triple magnification of frozen foods con-
sumption between 1950 and 1975 (Fried-
mann and McMichael, 1989).

Food manufacturing developed simulta-
neously with the spread of supermarkets

through which these products were placed
on the market. Changes in America’s con-
sumption patterns, embodied in the accept-
ance of processed food, opened the space for
the development of giants not only in man-
ufacturing but also in retail. Gereffi esti-
mated that during the 1960s and 1970s the
US retail industry became oligopolistic with
intensive price competitiveness (Gereffi,
1994). By that time buyers were becoming
increasingly overwhelmed by an increasing
number of processed products in supermar-
kets. The estimate stressed that the number
of items on shelves increased from 800 in
1930 to 12,000 in 1980 (Friedmann and
McMichael, 1989). The changes in America
were reflected in the rest of the world, and
first in Western Europe, because interna-
tional trade caused convergence in food pur-
chasing patterns (Connor, 1994). So the USA
was a precursor of changes in consumption
patterns in Western Europe. Certainly, Europe’s
previous replicating of the US farm model
and development of the national livestock
complex with American maize and soy as
feedstuffs via their exemption from import
control under the 1957 Common Agricul-
tural Policy (CAP) were a fertile ground for
these changes. Major changes in the food sys-
tem caused discontent among certain groups,
especially environmental groups, who organ-
ized themselves very well for the first time
in the 1960s in North America, to request
the rejection of heavily packaged foods and
animal products from intensive agriculture
(Connor, 1994).

The established system of the second
food regime with its main features of non-free
trade within the system of national agricul-
tural regulation and protection framed in
1945 at Bretton Woods and 1947 under GATT;
intensification of agriculture production; es-
tablishment of the power of the corporations
in inputs, manufacturing and retail; mass
production and mass consumption of stand-
ardized products; the wheat, livestock, and
durable foods complex — all this experienced
a serious crisis with the well-known Soviet-
American Grain deals of 1972 and 1973. In
1972 the Soviet Union and the USA signed a
trade agreement, historically the second
attempt to establish economic cooperation.
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After a trade break of 20 years, when the
Commercial Relations Agreement signed in
1931 terminated in 1951 (Grzybowski, 1972),
the two powers agreed on a valuable US$700
million transaction. The USA sent 440 mil-
lion bushels of wheat or 30% of its average
annual production to the Soviet Union. This
transfer ended a long post-war period of food
price stability: in 1 year wheat prices rose by
195%, soybean prices increased by 168%,
broiler prices by 153%, and maize prices by
133%. In general, wholesale food prices rose
by 29%, while farm commodity prices in-
creased by 66% (Luttrell, 1973). The agree-
ment was subsequently extended as of
October 20, 1975, when the Soviet Union
committed itself to purchasing at least 6 mil-
lion tonnes of US wheat and grain annually
for the next 6 years. The end of world food
price stability and rising oil prices were
closely associated with the 1972-1974 crises.
The economic dependence of the Third World
countries showed its negative side in the
new circumstances, and scarcity increased,
but unprecedented commercial demand for
American grains significantly reduced the
participation of food aid in the total US agri-
culture export: just 4% was intended for
that purpose in 1974 (Kodras, 1993). Struc-
tural Adjustment policies or loans provided
by the International Monetary Fund (IMF)
and the World Bank on condition that bor-
rowing countries agreed to implement cer-
tain policies had negative effects on the food
security of indebted countries (Friedmann,
2005). Not only did the underdeveloped world
face problems, but so did the USA. It encoun-
tered domestic and foreign problems and
had to deal with the decline of its geopoliti-
cal hegemony, the dissatisfaction of citizens
because of high prices, and the discontent of
farmers, particularly as regards problems with
the Japanese export market, strong Euro-
pean wheat and competition from Brazilian
soy. Responding to the end of surpluses, the
USA urged farmers to ‘expand production,
which they did enthusiastically, and by bor-
rowing heavily. When surplus and price vol-
atility returned later in the decade, heavily
indebted farmers faced a financial crisis,
laying the foundation for the farm income cri-
sis of the last thirty years’ (Magnan, 2012).

printed on 2/12/2023 10:53 PMvia .

The second food regime mechanism failed
to solve the problem of world hunger, so the
FAO called the World Food Summit in 1974
to examine global food production and con-
sumption, and the Universal Declaration on
the Eradication of Hunger and Malnutrition
was adopted, proclaiming that ‘every man,
woman and child has the inalienable right to
be free from hunger and malnutrition in or-
der to develop their physical and mental fac-
ulties’. The Declaration defined world food
security system as follows: ‘The well-being of
the peoples of the world largely depends on
the adequate production and distribution of
food as well as the establishment of a world
food security system which would ensure ad-
equate availability of, and reasonable prices
for, food at all times, irrespective of period
fluctuations and vagaries of weather and
free of political and economic pressures, and
should thus facilitate, among other things,
the development process of developing coun-
tries’; and it called on countries to ‘cooperate
in the establishment of an effective system of
world food security’ (Shaw, 2007, pp. 139-140).
Among many other proposals, the Summit
created International Funds for Agricultural
Development (IFAD), the FAO Committee
on Food Security (CES), the Global Inter-
national Early Warning System (GIEWS), the
World Food Council (WEC), the Committee
on Food Aid Policies and Program (CFA), and
the International Emergency Food Reserve
(IEFR). The USA changed its regulations on
food aid, ‘stipulating that at least 70 percent
of Title 1 commodities be allocated to coun-
tries most seriously in need’ (Kodras, 1993,
p- 241), while the contribution from the
Organization of the Petroleum Exporting
Countries (OPEC) and European bilateral
aid were expanded.

2.1.3 The third food regime

While the third food regime is still finding
its final shape, some major events affecting
its formation can be clearly distinguished.
These are: the triumph of neoliberal policies,
the creation of the WTO and signing of its
Agreement on Agriculture, multifunctionality
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as the new frame of European agriculture,
the positioning of New Agricultural Coun-
tries (NACs) as respected partners in the
world market, the empowerment of corpo-
rations in all segments of agribusiness, in-
ternationalization of farm movements, the
supermarket revolution in developing coun-
tries, land-grabbing, and the diffusion of ge-
netically modified foods.

The formal inauguration of the era of ne-
oliberal economics started in 1980 with the
election of Ronald Reagan:

Before 1980, economic policy was designed
to achieve full employment, and the economy
was characterized by a system in which wages
grew with productivity... After 1980...
globalization brought increased foreign
competition from lower-wage economies and
the prospect of off-shoring of employment.
The new neoliberal model was built on
financial booms and cheap imports... cheap
imports ameliorate the impact of wage
stagnation, thereby maintaining political
support for the model. Additionally, rising
wealth and income inequality makes
high-end consumption a larger and more
important component of economic activity,
leading to the development of what Ajay
Kapur, a former global strategist for
Citigroup, termed a plutonomy.

(Palley, 2010, pp. 16-17).

The WTO with the IMF became two of the
pillars of the neoliberal model, as organiza-
tions, ‘that expanded their jurisdictions and
their respective capacities to intrude into
national economic policies, and to incorpo-
rate countries into a global system of market-
liberalizing economic rules’ (Chorev and Babb,
2009, p. 460). The Agreement establishing
the WTO, commonly known as the ‘Marrakesh
Agreement’, was signed in Marrakesh, Morocco,
on April 15, 1994, at the conclusion of the
Uruguay Round of Multilateral Trade Nego-
tiations. The round ‘attempted to eliminate
export subsidies on agricultural goods and
textiles and dealt with non-tariff barriers,
technical aspects of trade, and trade-related
investment and intellectual property rights’
(Hartwick and Peet, 2003, p. 191). The Uru-
guay Round was launched at a time when
subsidized agricultural exports from the EEC
(European Economic Community) went beyond

the export of these products from the USA.
After long negotiations and what was almost
an export subsidy war between the two agri-
cultural superpowers, especially after the
fall of the Eastern Socialist Bloc, the willing-
ness of developed and less developed coun-
tries to make a radical change in agricultural
policy was foreshadowed by the adoption of the
WTO Agreement on Agriculture. A strong
voice for agricultural reform was the Cairns
Group, the second major agricultural ex-
porting countries group, consisting at that
time of 14 developed and developing coun-
tries led by Argentina, Canada and Australia.
In order to provide better trading conditions
in export markets for their products, the
Cairns Group was seeking to eliminate high
tariffs on agricultural imports and subsidies
in the European Community, the USA and
Japan. Subjecting agricultural commodities
to multilateral trading rules marked the
definitive end of the mercantile-industrial
food regime, but ‘the interests in the old re-
gime died hard’ (Friedmann, 2005, p. 246).
Europe in 1999, in its conclusions on the
‘Millennium Round’, chose a new paradigm
for agriculture and rural development, i.e.
multifunctional agriculture. The OECD de-
fined multifunctionality as ‘a characteristic
of an activity which produces multiple and
interconnected results and effects; these ef-
fects may be positive or negative, intentional
or unintentional, synergetic or conflictive,
and may have a value on the market or not’
(Garzon, 2005, pp. 3-4). The EU with Japan,
Korea, Norway and Switzerland set up an in-
formal group, ‘Friends of Multifunctional-
ity. Associating multifunctionality with ‘blue
box’ (trade-distorting) and ‘green box’ (non-
trade distorting) subsidies, caused new in-
ternational tensions, because the USA and
the Cairns Group used them as a pretext for
maintaining protectionist agricultural poli-
cies (Majkovic et al., 2005). Nevertheless,
the EU continues to use multifunctionality
‘as a bargaining argument in trade negotia-
tions to defend the right of countries to con-
duct domestic policies aiming at non-trade
objectives’, which has led to ‘a modification
of the trade policy and its discourse into a
pro-development policy ... and ... an exten-
sion of the multifunctionality concept into
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specific concerns of developing countries’ (Gar-
zon, 2005, p. 17). The USA, pressed between
the European and Japanese observations of
food security in terms of self-sufficiency, in-
creasing trade grain deficit and farmers
seeking to raise grain prices, continued to act
in the interest of agribusiness, and decided
to increase ‘farm subsidies to unprecedented
levels’ so ‘domestic US grain prices contin-
ued to fall, benefiting increasingly concen-
trated livestock capitals’ (Friedmann, 2005,
pp- 246-247).

At the same time, some of the Third
World countries intensified the agro-export
of non-traditional products known as high
value foods (HVFs). Fresh fruit and vegeta-
bles, cut flowers, shrimp, poultry, and dairy
products were exports which replaced cof-
fee, cacao, tea, and tobacco, and made those
countries serious competitors with the EU
and the USA. The aggregate export of meats
and meat products, dairy products, fish and
fish products, fresh and processed fruit, veg-
etables and nuts, feedstuffs, oilseeds, vege-
table and animal oils, and spices exceeded
US$500 million to 24 developing economies in
1989. Agricultural exports from the top six
of those countries exceeded US$2000 mil-
lion, as follows: Brazil 5852; Argentina 5017;
China 4825; Thailand 4301; Malaysia 2463;
Taiwan 2451 (Jaffee and Gordon, 1992). Four
of them that account for 40% of the total
HVF export from developing countries are
the agro-industrial counterparts of the newly
industrialized countries (NICs) referred to
as NACs. ‘Archetypal examples of these new
agro-food systems are: Brazilian citrus, Mex-
ican non-traditionals and exotics, Argentinean
soy, Kenyan off-season vegetables and Chi-
nese shrimp’ (Rosset et al., 1999, p. 72). The
reorganization of exports meant reshaping
the dominant agro-food trade and encourag-
ing fair trade, as well trade in organic prod-
ucts from the south to the north (Raynolds
and Wilkinson, 2007).

The rise of supermarkets in developing
countries has transformed the agro-food
market and changed relations between capi-
tal and consumers. The main determinants
of supermarket diffusion on the demand
side were urbanization, entry of women into
the workforce outside the home, and rapid
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growth in real mean-per-capita income, along
with supply-side trade liberalization (Rear-
don and Berdegué, 2002). With the imple-
mentation of private quality standards for
tracking and monitoring the supply-chain,
multinational companies have become pow-
erful controllers of the food network and
guarantors of its quality and safety. By their
involvement in the manufacturing sector
through private-label products their power
has been strengthened (Friedmann and
McNair, 2008).

Neoliberalism has significantly altered the
dynamics of agrarian production and
exchange relations within and between
countries across the north-south divide. The
simultaneous processes of globalization from
above, partial decentralization from below
and privatization from the side of the central
state that used to play a key role in the
maintenance or development of agrarian
systems shook rural society to its core. ..
providing even greater power to
transnational and domestic capital to dictate
the terms of agricultural production and
exchange. .. Consequently, access to and
control over land resources are being
redefined and landed property rights
restructured to favour private capital...
While there are winners and losers in this
global-local restructuring, working people
and their livelihoods increasingly face ever
more precarious conditions. Diversification
of (rural and rural-urban, on-farm, off-farm
or non-farm) livelihoods, forced or otherwise,
has been widespread.

(Borras et al., 2008, p. 1).

This reconstruction has affected farm
movements in many ways, finally resulting in
their internationalization during the 1990s, as
typified in La Via Campesina. Representing
about 200 million farmers from 73 countries
in Africa, Asia, Europe, and the Americas
that strongly oppose corporation-driven agri-
culture and free-trade agreements, the move-
ment launched the concept of food sovereignty
at the World Food Summit in 1996, i.e.:

...the right of peoples to healthy and
culturally appropriate food produced through
sustainable methods and their right to define
their own food and agriculture systems. ..
Food sovereignty prioritizes local food
production and consumption. It gives a
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country the right to protect its local
producers from cheap imports and to control
production. It ensures that the rights to use
and manage lands, territories, water, seeds,
livestock and biodiversity are in the hands of
those who produce food and not of the
corporate sector.

(La Via Campesina, 2017.)

The basic ideas of this movement, now rec-
ognized as an important actor in the food and
agricultural debates, are agrarian reform, fair
trade, gender equality, appropriate technolo-
gies, preservation of biological and genetic
resources, social justice, healthy foods, and
environmentally friendly agriculture.

The crisis of neoliberalism, as expressed in
the climate, energy, and food crises, launched
‘the bioenergy economy, fusing global ecol-
ogy and political economy, (which) depends
on the enabling role of financialization in
managing a transition in capital accumula-
tion and its foundations towards a new ex-
tractive food/fuel regime enclosing the world’s
remaining land and water... Land-grabbing,
large-scale land acquisition following the
2007/08 crises undertaken by combinations
of development agencies (World Bank, FAO),
investment banks (Goldman Sachs), funds
(Carlyle Group) and philanthropists (Soros,
Gates Foundation), and. .. sanctioned by the
World Food Summit of 2008... [and] antici-
pates the rising value of the living biomass
as the source of inputs into the new bioeco-
nomy’ (McMichael, 2011, pp. 1-5).

Unlike the stability of the first and second
food regimes under British and American
hegemony, the collapse of the Doha Round
revealed all the instability of the third food
regime and the ‘incapacity of the WTO to act
as an institution that brings into being a
new food regime’, and provided the ‘fin de
siécle to attempts to use multilateral means
to resolve global food inequities and ineffi-
ciencies’ (Pritchard, 2009, pp. 304-306).
Without an adequate helmsman, the ship
continues to roll perilously. It has become
quite clear that there are no stable rules of
trade between countries at different stages
of development. Both the global north and
the global south continue to put pressure on
the WTO; the transnational corporations
persist in promoting their own interests;

alternative trade networks continue to develop,
while environmental and social movements
around the globe rise alongside consumer
awareness; national democratic institutions
are standing up for their own principles; new
forms of regulation have not acquired a clear
shape, and it is unclear to what extent inde-
pendent countries are prepared to surrender
economic sovereignty to supranational insti-
tutions. Good examples of these international
tensions are provided by the issues surround-
ing transgenic foods.

2.2 Supranational Regulatory
Context of Transgenic Technology

The most important supranational regulatory
body relevant to transgenic technology is
the WTO. The WTO replaced the GATT, which
for almost half a century covered interna-
tional trade in goods, but with limited success
in liberalizing agricultural trade. With respect
to transgenic technology, crucial agreements
administrated by the WTO, TRIPS Agree-
ment and SPS entered into force at the begin-
ning of 1995. The TRIPS agreement prescribed
minimum intellectual property rights (IPR)
to all WTO members. Within 27 Article (1)
the agreement provided protection for trans-
genic technology inventions, both processes
and products capable of industrial applica-
tion. Furthermore, Article 27 (3b) provided
for some exclusions from patentability, as
stated: ‘(3) Members may also exclude from
patentability: (b) plants and animals other
than micro-organisms, and essentially bio-
logical processes for the production of plants
or animals other than non-biological and
microbiological processes. However, Mem-
bers shall provide for the protection of plant
varieties either by patents or by an effective
sui generis system or by any combination
thereof’

Article 27 (3) reflects the tension be-
tween some developed countries that
wanted to provide strong patent protection
for GMOs and developing countries that
wanted to protect their traditional knowl-
edge. Thus, with Article 27, WTO members
are being offered dual policy options: either
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to provide plant and animal patent protec-
tion or to implement a sui generis system (a
system unique to itself), which is in practice
usually done by joining the Convention for
the International Union for the Protection
of Plant Varieties (UPOV), although UPOV
membership is not an obligation under
TRIPS. Of course, the possibility to imple-
ment both policies in parallel is the third op-
tion. Article 27 (3) in its last sentence states:
“The provisions of this subparagraph shall be
reviewed four years after the date of entry
into force of the WTO Agreement.’ Thus, in
the Doha Round, Paragraph 19 requests the
expansion of the review to the relationship
between the TRIPS and the CBD as well as
the protection of traditional knowledge and
folklore, as stated: ‘(19) We instruct the
Council for TRIPS, in pursuing its work pro-
gramme included under the review of Arti-
cle 27.3(b), the review of the implementation
of the TRIPS Agreement under Article 71.1
and the work foreseen pursuant to para-
graph 12 of this declaration, to examine, in-
ter alia, the relationship between the TRIPS
Agreement and the Convention on Biologi-
cal Diversity, the protection of traditional
knowledge and folklore, and other relevant
new developments raised by members pur-
suant to Article 71.1. In undertaking this
work, the TRIPS Council shall be guided by
the objectives and principles set out in Arti-
cles 7 and 8 of the TRIPS Agreement and
shall take fully into account the develop-
ment dimension.

Accordingly, developed countries such as
the USA and Japan use patent protection,
while many developing countries have rati-
fied UPOV, because it ‘provides a generic
solution, meaning that initially it is likely to
be easier to administer, but in the long run
could end up only protecting the interests of
large-scale commercial breeders and bio-
technology companies’ (Robinson, 2007,
p- 5). Anyway, TRIPS leaves the possibility for
developing countries to build their own laws
in order to protect traditional knowledge.
Attracting worldwide attention - primarily
through NGO campaigns, farmers’ networks
and organizations such as the Society for
Research and Initiatives for Sustainable
Technologies and Institutions (SRISTI), Third
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World Network, BioThai, Navdanya - the
governments of India, the Philippines and
Taiwan are developing their own legal mech-
anisms (Robinson, 2007, p. 9).

The SPS agreement encouraged the har-
monization of sanitary and phytosanitary
measures in accordance with international
standards and requested member states to
use these measures only for the protection
of human, animal or plant life or health,
never as non-tariff barriers on international
trade, as stated: Article 2(1) Members have
the right to take sanitary and phytosanitary
measures necessary for the protection of hu-
man, animal or plant life or health, provided
that such measures are not inconsistent with
the provisions of this Agreement. Article
2(2) Members shall ensure that any sanitary
or phytosanitary measure is applied only to
the extent necessary to protect human, animal
or plant life or health, is based on scientific
principles and is not maintained without
sufficient scientific evidence, except as pro-
vided for in paragraph 7 of Article 5. Article
3(1) To harmonize sanitary and phytosani-
tary measures on as wide a basis as possible,
Members shall base their sanitary or phytosan-
itary measures on international standards,
guidelines or recommendations, where they
exist, except as otherwise provided for in this
Agreement, and in particular in paragraph 3.

The SPS agreement has been the focus of
much attention. For example, its article 5(7)
which includes a precautionary principle,
has contributed to the deepening of the
Transatlantic GMO conflict: Article 5(7) In
cases where relevant scientific evidence is in-
sufficient, a Member may provisionally adopt
sanitary or phytosanitary measures on the
basis of available pertinent information, in-
cluding that from the relevant international
organizations as well as from sanitary or phy-
tosanitary measures applied by other Mem-
bers. In such circumstances, Members shall seek
to obtain the additional information neces-
sary for a more objective assessment of risk
and review the sanitary or phytosanitary
measures accordingly within a reasonable
period of time.

However, the SPS agreement has helped
the proliferation of private standards and
strengthened the role of the Codex Alimentarius
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Commission in making decisions concerning
GMOs, as clearly indicated in Article 3(4):
Members shall play a full part, within the
limits of their resources, in the relevant inter-
national organizations and their subsidiary
bodies, in particular the Codex Alimentarius
Commission, the International Office of Epi-
zootics, and the international and regional
organizations operating within the frame-
work of the International Plant Protection
Convention, to promote within these organi-
zations the development and periodic review
of standards, guidelines and recommenda-
tions with respect to all aspects of sanitary
and phytosanitary measures.

In opposition to TRIPS there stands, with
its conflicted objectives, the biodiversity re-
lated CBD, which entered into force in 1993,
2 years before TRIPS. The CBD and its sup-
plementary 2003 Cartagena Protocol on Bi-
osafety cover all ecosystems, species and
genetic resources by dealing with ‘conserva-
tion of biological diversity, the sustainable
use of its components, and the fair and equi-
table sharing of the benefits arising from
commercial and other utilization of genetic
resources’ (CBD, 2017). As of January 2014,
the CBD had 193 nations that had ratified or
acceded to it, while 163 nations had ratified
or acceded to the Cartagena Protocol. Over
130 nations adhere to both treaties, TRIPS
and CBD. The USA have signed, but not yet
ratified the CBD, so as a non-party to it, can-
not become party to the Cartagena Protocol.
Developing countries are persistently lobby-
ing for the incorporation of CBD values into
the TRIPS’, but the TRIPS agreement still
dominates over issues related to transgenic
technology (Pechlaner and Otero, 2008).

Based on these supranational trade
agreements, many national neoliberal initia-
tives have been taken around the globe.
National politics play the major role in ac-
ceptance or rejection of genetically modified
food as an integral part of neoliberal policy
promotion, so we argue in favour of Pechlaner
and Otero, who have proposed using the term
‘neoregulation’ instead of ‘deregulation’, com-
monly used in literature for describing politics
associated with GMOs (Pechlaner and Otero,
2008). The crown of neoliberal activities is
IPR protection of transgenic technology, its

processes, methods and products. By elimi-
nating the possibility of saving seeds as the
last source of farmers’ independence, the
‘commodification of nature’ was achieved,
and seeds ironically became the engine of
the capitalist development of agriculture
(Mascarenhas and Busch, 2006). Taking into
consideration that GMO supranational and
national regulations, especially IPR, are in-
tegral to the third food regime and ‘provide
the means for biotechnology’s ascendancy
as a central technology for capitalist agricul-
ture...while the technology itself provides a
means for further corporate concentration
and integration of the food regime’ (Pech-
laner and Otero, 2008, p. 352), we want later
in the text to provide an answer as to what
extent the transgenic technology tucked in-
side neoliberal supranational and national
regulations has reorganized agricultural
trade relations and been a point of trade sta-
bility. Furthermore, we want to assess the im-
pact of contradictory forces in the form of
local resistance to transgenic technology in a
particular country as well as across the
whole food regime.

2.3 Transgenic Technology
Neoregulation

The principal drivers of worldwide regulatory
activity on GMOs are the two superpowers,
the USA and the EU. ‘GMOs have become big
business in the United States, where both
government and industry have embraced the
new technology of genetic engineering. The
United States has surged ahead and remains
the world leader in the development of GM
foods. By contrast, the EU has taken a far more
cautious approach to GMOs, dragging out
the approval processes for new GM foods
and insisting that such products be labeled
as such for consumers. The EU’s more cautious
approach to GM foods has led many compa-
nies, such as Bayer AG and BASF AG, to move
their biotechnology research facilities to the
more biotech-friendly United States. More omi-
nously, the EU’s slow approval of new GM
crops, coupled with its insistence on the la-
beling of such crops in the marketplace, have
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created serious obstacles to the export of
agricultural products from the United States,
and thus raised the prospect of a major
transatlantic trade war’ (Pollack and Shaffer,
2000, p. 41).

“Their policy-choices limit the options of
other countries, particularly those that are
economically dependent on the EU, the USA,
or both. Switzerland, Norway, and Central
and Eastern European countries have thus
aligned with the EU, Canada with the USA.
Other countries, which are less dependent
on EU or US markets, e.g., China, Brazil,
India, Japan, and Russia, have adopted regu-
lations whose stringency lies somewhere in
between the EU and the US model. GMO pol-
icy in these countries is very recent and very
much in flux. Both the EU and the USA have
been battling for influence on the regulatory
policies of these countries’ (Bernauer and
Aerni, 2008, p. 7).

With respect to the above, we compare
national GMO politics and local resistance
in the two agriculture superpowers, the USA
and the EU, with particular reference to Spain,
because it shares a common European legal
framework but has a completely opposite
view on GMO issues. The BRICS - Brazil, the
Russian Federation (hereafter Russia), India,
the People’s Republic of China (hereafter
China) and South Africa — countries are se-
lected for the analysis because of their huge
influence on reshaping the existing food re-
gime. The USA and EU, often competing with
each other, have found a common interest
in defending themselves against the BRICS
bloc, which has the potential to become
larger than the G6 (France, Germany, Italy,
Japan, the UK, the USA), in US dollar terms,
within 40 years (Wilson and Purushothaman,
2003). The BRICS countries have already
changed the global picture of agricultural pro-
duction and trade, as well as the picture of fi-
nancial institutions, by setting up the New
Development Bank, which will probably lead
to a reduced dependence of developing coun-
tries on the IMF and the World Bank. Finally,
Serbia, a small upper-middle income country
from the Balkan region, is also included in
the analysis, as providing an example of a
strong social movement of GMO rejection,
despite its minor role in global agriculture.
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National GMO neoregulations cannot be
properly understood without knowing the
role of agriculture in each country. Thus,
apart from the description of national GMO
policies, we describe the basic agricultural
performance, domestic support for agricul-
ture and trade relations for each country. We
also outline resistance to GMOs, and finally
come to a conclusion about the transgenic
technology impact on the evolution of the
third food regime.

23.1 USA

It is well known that from the very begin-
ning the USA has supported the transgenic
industry, and that all administrations from
Ronald W. Reagan’s to Barack H. Obama’s
have pursued a policy that has considered
transgenic and conventional foods substan-
tially equivalent (Brankov and Lovre, 2012).
Also, Donald J. Trump officially came out in
favour of GMOs for the first time in January
2018 (Meyer, 2018).

The key US government document on bio-
technology is Coordinated Framework for the
Regulation of Biotechnology, issued as a for-
mal policy in 1986. The Coordinated Frame-
work is based upon existing laws, but with
new regulations, policies and guidance for
the application of these laws to transgenic
technology-derived products (USDA, 2017).
This framework specified the US Environ-
mental Protection Agency (EPA), the USDA’s
Animal and Plant Health Inspection Service
(USDA-APHIS) and the Department of
Health and Human Services’ Food and Drug
Administration (FDA), as the three primary
agencies responsible for oversight of the
transgenic technology products. Under this
framework, the EPA becomes responsible for
pesticidal plants and genetically-engineered
pesticides; the USDA for transgenic plants
(import, interstate movement, release into
the environment); and the FDA for the
safety of transgenic products. ‘According to
a policy established in 1992, the FDA con-
siders most GM crops as substantially equiva-
lent to non-GM crops. In such cases, GM
crops are designated as Generally Recognized
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as Safe under the Federal Food, Drug, and
Cosmetic Act (FFDCA), and do not require
pre-market approval’ (FAS, 2018). Through-
out the 1990s, the Agencies relaxed their
GMO approval policies. APHIS introduced a
notification instead of permit procedure.
The FDA introduced voluntary consultation
with GM crop developers to review the de-
termination of ‘substantial equivalence’ before
the crop is marketed, instead of conducting
a comprehensive scientific review. ‘In essence,
this system allows biotechnology firms to
decide for themselves whether a GM prod-
uct is safe. The FDA is only consulted. This
strong product-orientation is also reflected
in policy on labeling. Labeling is only man-
datory if a particular GM food product is no
longer substantially equivalent to the corre-
sponding conventional food in terms of
composition, nutrition or safety. The label
does not have to indicate that the food was
produced with biotechnology. It must only
state that a potential allergen has been
added to the food’ (Bernauer and Meins,
2003, pp. 663-664). Such labelling is very
rare, and the vast majority of GM foods in
the USA do not require labelling. However,
there are some GMO products on the Amer-
ican market that are labelled. For example,
transgenic canola oil with increased lauric
acid content is labelled as ‘laurate canola oil’,
soybean oil with a higher level of oleic acid as
‘high oleic soybean oil’, and stearidonic soy-
bean oil (stearidonic acid is not found in
conventional oil) as ‘stearidonate soybean
oil’ (FDA, 2018).

Apart from a favourable regulatory cli-
mate, patent protection has had a profound
role in the spread of transgenic technology in
the USA. Going back in history, the Plant Vari-
ety Protection Act (PVPA) of 1970 allowed:

seed companies to receive a 17-year
protection on new varieties of the sexually
produced seeds, other than hybrids, that
they had developed. .. However, farmers
were still allowed to save seed for replanting
and to sell part of their seed to other
farmers. In 1994, the PVPA was amended to
increase incentives for private plant
breeders. As a result, farmers were no longer
permitted to sell seed without a license from
the owner of the variety, and seed saving was

only allowed for personal replanting.
Attracted by the prospect of patent-like
protection for new seed varieties, large
chemical, oil and processing corporations
[such as Dow, Dupont and Monsanto]
acquired many of the independent seed
companies and began to fund substantial
research and development efforts. ..
A second wave of mergers occurred congruent
with, or in anticipation of, the extension
of patents to seeds, plants and tissue
cultures. Indeed, private investment in
agricultural research tripled in real terms
between 1960 and 1992.

(Mascarenhas and Bush, 2006, p. 127).

The third stimulus to the rapid penetra-
tion of the transgenic food and feed into
American markets was provided by the pub-
lic. ‘Public support for all applications of bio-
technology has remained at rather high levels
over time. General consumer acceptance of
plant biotechnology has remained approxi-
mately constant and high, compared to Eu-
rope. Survey results from 1992, 1994 and
1998 show constant support from 70 per-
cent of surveyed Americans’ (Bernauer and
Meins, 2003, p. 666). Similar trends contin-
ued in the following years. ‘The majority of
U.S. consumers expressed little to no con-
cern about food and agricultural biotechnol-
ogy, and were likely to buy food products
produced from GM plants, although con-
sumer awareness and knowledge about GM
food was superficial’ (Lucht, 2015). The root
of the US public attitude towards GMOs can
be seen in an individualistic culture and the
weak influence of NGOs. In general, US pol-
icy was based primarily on industry interest,
and NGOs were rarely involved in policy for-
mulation or implementation’ (Doh and Guay,
2006, p. 63). This contrasts strongly to the
NGOs’ powerful role in Europe, where broad
social protest — the precursor to the NGOs -
dates from the 18th century and takes on
a modern appearance in the 1960s. In the
communitarian European tradition, for a
long time NGOs have received generous fi-
nancial support and farmers are directly in-
volved in governmental policy and corporate
governance.

Thus, it is not surprising that from the very
beginning the USA has been the absolute
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leader in production, accounting for 64% in
the total area under transgenic crops in
1997; and although with time and the in-
clusion of other countries, its participation
decreased to 39.4% in 2015 (Brankov et al.,
2016), the USA is still the leader in hectarage
planting. The country grew maize (35.5 mill
ha), soybean (31.84 mill ha), cotton (3.70 mil-
lion ha), alfalfa (1.23 million ha), canola
(0.62 million ha), sugar beet (0.47 million ha),
papaya (1000 ha) and squash (1000 ha) on
72.9 million ha in 2016. The soybean adop-
tion rate is estimated at 94%, maize adoption
at 92%, and cotton at 93% (James, 2016).
Such a high adoption rate clearly indicates
that GM crops dominate throughout the US
food system.

Maize, wheat, soybeans, cotton, and hay
account for 90% of harvested acreage in the
USA (Table 2.1). Considering that transgenic
alfalfa adoption rates have increased rela-
tively slowly compared to other field crops,
owing to the moratorium on new alfalfa seed
in 2007 (suspended in 2010), and that it
tends to be seeded (on average) once every
7 years (Fernandez-Cornejo et al., 2016), it
can be seen that more than half of all the
harvested area in the USA is transgenic.

Although the majority of farms in the USA
are small farms, the bulk of production is con-
centrated in a small number of commercial

Table 2.1. Harvested acreage in the USA, major
crops, 2007. (From USDA ERS, 2013).

Harvested area, 2007

Commodity Acres (mill) %

Field crops 299.7 96.4
Barley 3.3 1.0
Corn (maize) 86.3 27.7
Cotton 10.5 3.4
Hay 58.1 18.7
Oats 1.5 0.5
Rice 2.8 0.9
Sorghum 6.7 2.1
Soybeans 63.9 20.6
Tobacco 0.4 0.1
Wheat 50.9 16.4
Other field crops 15.5 5.0
High-value crops 111 3.6
All crops 310.8 100.0
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farms that receive ‘over half of the govern-
ment’s total commodity payments’ (Table 2.2)
(OECD, 2011). The number of farms has lev-
elled off at about 2.2 million, with an aver-
age size of about 418 acres (169.1 ha) in 2016,
as opposed to 155 acres (62.3 ha) in 1935.
The average size of rural residence farms is
about 67 ha, and of intermediate farms
about 278 ha, while commercial farms aver-
age at around 710 ha. Although the number
of farms has been a declining trend since
World War II, the number of large farms
grew rapidly in the period 1989-2007, with
the most rapid growth of farms with sales of
more than US$500,000. Concentration of
production in agriculture is clearly indicated
by the fact that ‘in 1982, 431,634 farms pro-
duced 80% of the value of agricultural pro-
duction, while in 2007 around half of this
number produced 85%... The share of total
sales accounted for by farms with sales of
US$250,000 or more ‘increased steadily,
from 57% in 1982, to 85% in 2007’ (OECD,
2011, p. 18). Also, farms in the USA have be-
come increasingly specialized — about half
produce just one single commodity. US ag-
ricultural production occurs in each of the
50 States, with California leading. Crop pro-
duction that accounts for the largest share
of the value of the country’s production is
concentrated in California, Iowa, Illinois,
Minnesota, and Nebraska, while Texas,
Iowa, California, Nebraska and Kansas lead
the country in sales value of livestock and
their products.

Highly concentrated interests groups
gained the most benefits from the US agri-
cultural policy. The Farm Bill, the permanent
legal framework that governs a wide range
of concerns related to agriculture, originally
was designed to stabilize and boost farm in-
come, but over time it has been amended to
address additional objectives. By the end of
the 1980s, it had become increasingly clear
that in order to sustain prices and revenue,
US farmers and agricultural firms relied
heavily on export markets. Accordingly, a
1990 Farm Bill was particularly aimed to en-
hance exports. ‘For the first time, this legis-
lation included planning-flexibility provisions
that promoted economic freedom by increas-
ing farmers’ ability to shift their resources in
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Table 2.2. Characteristics of US farms, 2007. (From OCED, 2011).

Rural residence farms Intermediate farms Commercial farms
Farming Farming

Limited Residential/  occupation/  occupation/ Very large Non-family

resource Retirement Lifestyle Lower sales higher sales Large family family farms All farms
Number of farms (1000) 309 456 802 259 100 87 101 91 2205
Share of farms (%) 14 21 36 12 5 4 5 4 100
Land in farms (mill acres) 42 90 121 87 104 123 211 143 922
Average size (acres) 137 196 151 337 1040 1420 2085 1572 418
Total value of production (US$ bill) 3 7 11 6 17 31 157 66 297
Average per farm (1000 US$) 9 17 14 27 176 373 1577 732 138
Share of value of production (%) 1 2 4 2 6 10 53 22 100

EBSCChost - printed on 2/12/2023 10:53 PMvia . Al use subject to https://ww.ebsco.conterns-of-use

sewifey poo4 4o 1617 ay) ul spoo4 WO

Le




EBSCChost -

32 T. Brankov and K. Lovre

response to world market conditions... After
the Uruguay Round had concluded, various
commodity organizations and agribusiness
interests coalesced in the hope of eliciting a
more market-oriented agricultural policy.
Partly as a result of these groups’ influence,
target-price deficiency payments were re-
placed by fixed “production flexibility con-
tract payments” that would be paid during
the ensuing 7 years, and both the crop-basis
and the acreage reduction programs were
eliminated. ..’ (Rausser and Zilberman, 2014,
p. 519). Considering that ‘each dollar re-
ceived from agricultural exports stimulates
another US$1.64 in supporting activities to
produce these exports’ (OECD, 2011, p. 14)
this political intervention continues in the
following years. ‘The trade title of the 2008
farm bill authorized and amended four kinds
of export and food aid programs: direct ex-
port subsidies, export market development
programs, export credit guarantees, and for-
eign food aid... During the period of 2002
through 2010, federal support of US agricul-
tural exports—including the Food for Peace
Act (FPA), credit guarantees, and generic and
brand commodity promotion programs, aver-
aged US$5.5 billion annually’ (Henneberry,
2013, p. 197-201). Such political interven-
tion can be seen as a success because US ag-
ricultural exports is about ‘a third of total US
agricultural cash receipts’ and the USA ‘ac-
counted for 23%, 52%, and 11% of world ex-
ports of wheat, corn, and rice, respectively’
(Henneberry, 2013, pp. 197-201). Despite
obvious benefits, the USDA’s Foreign Agri-
cultural Service partnership with non-profit
trade associations representing commodity
or regional interests often ‘have been highly
criticized as promoting corporate welfare’
(Henneberry, 2013, p. 195). Such an exam-
ple is transgenic technology promotion.

In acquiring its position, the USA has used
a variety of aggressive means. As already
mentioned, countries economically dependent
on the USA have aligned their national leg-
islation with the recommendations of the
USA. European countries have imposed severe
regulatory constraints on GMOs, with strong
emphasis on the precautionary principle,
and introduced a ban on US corn (maize)
imports in the late 1990s. The moratorium
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caused economic losses for US companies es-
timated at around several hundred million US
dollars. The US government was worried that
other countries — important export destina-
tions for US agricultural products - would
follow the EU policy model for GMOs; with
the support of Argentina and Canada, the
USA initiated litigation in the WTO against
the EU. The WTO’s position was that the EU
had created unlawful trade restrictions. The
transatlantic GMO dispute ‘has forced many
developing countries to take sides and has
crowded out systematic and pragmatic do-
mestic debates in these countries about the
types of biotech applications they may want
and need’ (Bernauer and Aerni, 2008, p. 7).
For example, in 2002 US transgenic food aid
intended for Malawi, Mozambique, Zambia,
and Zimbabwe has nothing to do with ending
hunger in the regions but much to do with
promotion of transgenic crops in Africa and
with expanding control of transnational cor-
porations on that continent (Zerbe, 2004).
Finding themselves between two superpow-
ers, African governments have requested that
US aid be milled before distribution. ‘Unable
to compete directly against American and Eu-
ropean farmers, who are heavily subsidized
and protected by their governments, African
farmers were responding to European de-
mands for non-GM agriculture through spe-
cialized production’ (Zerbe, 2004, p. 607).
Threatening to resort to the WTO has been a
common threat for the USA; it was also ap-
plied against Croatia and Sri Lanka (Paul and
Steinbrecher, 2003).

Contrary to the EU, where the first trans-
genic US soy shipment in 1996 caused in-
tense protest, anti-GMO movements in the
USA only intensified after high technology
saturation. Demands for mandatory label-
ling are growing louder with time. ‘In four
states (California in 2012, Washington in
2013, and Colorado and Oregon in 2014)
ballot initiatives for the mandatory labelling
of GM food were put to public vote, and re-
jected by a narrow margin. Connecticut and
Maine both passed legislation mandating
GMO labels, but it is not clear when and
whether these will enter into force, since
they depend on the introduction of similar
regulations in neighboring states. Legislation
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passed in Vermont (2014), that may make it
the first U.S. state to enact the active re-
quirement for GMO labels for food, is being
contested in court’ (Lucht, 2015). Between
2011 and 2013, the Los Angeles Times,
New York Times, Wall Street Journal, and
Washington Post published 207 favourable
and 250 unfavourable articles about GMOs
(Mintz, 2017). This late awakening of the
American public is being confronted by great
resistance from the industry, so it is unlikely
that mandatory labelling at the federal level
will be introduced. However, there has been
a strong expansion of voluntary GMO label-
ling schemes, which may possibly open a
profitable niche market for retailers (Lucht,
2015). A recent report showed that in the
USA, ‘out of the 7637 new food products in-
troduced between February 12, 2010 and
February 11, 2011, 2.6% advertise that they
are GMO-free and 8% advertise that they
are organic’ (Goodwin et al., 2016, p. 364).
Logically, local food marketing channels
have experienced growth, ‘as of 2014, there
were 8,268 farmers’ markets in the United
States, having grown by 180 percent since
2006’ (Nestle, 2016, p. 2). Popular maga-
zines have published articles with titles such
as, ‘Meet Your Farmers’, ‘Know Your Farmers’,
‘Every Family Need a Farmer’; even the USDA
launched a campaign, ‘Know Your Farmers,
Know Your Food’ (Myers and Sbicca, 2015).
In that way, the USDA has involved itself in
the promotion of alternative niche markets.
Why? Two possible reasons can be sug-
gested. The first and most important lies in
the fact that, although the USA spends more
on healthcare than any other country, ‘the
nation ranks lower than several other nations
in life expectancy, infant mortality, and other
healthy life indicators’ (Benjamin, 2011).
Healthcare spending in the USA started at the
beginning of the 20th century at 0.25% of
GDP and increased significantly with time,
breaking through to 8% of GDP in 2016 (US
Spending, 2018). According to the WHO list
for 2015, the USA ranks as the 31st country
in the world for life expectancy. Also, accord-
ing to the CIA list for 2017 (CIA, 2017), the
USA is ranked 170th out of 225 countries for
infant mortality. That is why the National
Prevention Strategy has identified seven

priority areas that require immediate focus to
improve the health of the American people -
among them, healthy eating (Benjamin,
2011).

The second possible reason is that the op-
timistic view of the transformative potential
of organic farming is the result of the grow-
ing concern over the demand/supply gap,
and of growing criticism about the lack of
government support for organics. But, in its
essence, this view is driven by corporate in-
terests.

The organic distribution system was
transformed from one characterized
largely by direct sales combined with
natural foods retailers such as Whole
Foods, to one fully incorporated into the
conventional system, including mass
retailers with their own private-label
brands and the rapid growth of middlemen
‘handlers’ that coordinate the organic
supply chain. . .As organics moved beyond
its niche status in California, agribusiness
entered the market to capture the
monopoly rents associated with the price
premium. . .As part of conventionalization,
the organic label was co-opted by large
firms, thereby blunting its transformative
potential, as it was appropriated and
subsumed by corporate actors.

(Constance et al., 2015, pp. 165-166).

Although the organic sector is growing,
(occupies 5.3% of all agricultural land in the
USA) and the potential exists for its concen-
tration in some areas of the USA (Huffman,
2017), GM farming will remain as a domi-
nant model and the US market will flood
with new GMOs in the foreseeable future.

23.2 EU

The EU has possibly the most stringent GMO
regulations in the world. It prescribes GMO
safety, GMO thresholds, GMO labelling,
GMO detection and coexistence. The build-
ing blocks of the GMO legislation are: Direc-
tive 2001/18/EC, Regulation (EC) 1829/2003,
Directive (EU) 2015/412, Regulation (EC)
1830/2003, and Directive 2009/41/EC, sup-
plemented by a number of rules and guide-
lines (EC, 2018).
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The European Food Safety Authority
(EFSA), in collaboration with its member
states’ scientific bodies, is responsible for
GMO risk assessment. It implements Direc-
tive 2001/18/EC on deliberate release into
the environment, and Regulation 1829/2003
on GM food and feed. On the basis of EFSA
conclusions, the Commission drafts a pro-
posal for supporting or rejecting the author-
ization for placing a GMO product on the
market. Thanks to the newly adopted Di-
rective 2015/412, member states may pro-
hibit or restrict the cultivation of the GMO
during the authorization procedure or af-
ter that. After the authorization, a member
state may:

prohibit or restrict the cultivation of the crop
based on grounds related amongst others to
environmental or agricultural policy
objectives, or other compelling grounds such as
town and country-planning, land use,
socio-economic impacts, co-existence and
public policy. Before the adoption of this
Directive, Member States could provisionally
prohibit or restrict the use of a GMO on their
territory only if they had new evidence that
the organism concerned constitutes a risk to
human health or the environment or in the
case of an emergency.

(EC, 2015)

No one has ever been in a position before
to provide such evidence as would activate
the ‘safeguard clause’. Therefore, these recent
changes can be viewed as further tightening
of the legislation. As stated in Regulations
1829/2003 and 1830/2003, the EU fix a
threshold for the adventitious, or accidental,
presence of GM material in non-GM food or
feed sources of 0.9%, and this only applies to
GMOs that have an EU authorization. Above
this threshold, all foods should be labelled:
“This product contains genetically modified or-
ganisms [or the names of the organisms]. In
addition, the EU legislation does not forbid
the use of ‘GM-free’ labels. Traceability (the
ability to track GMOs at all stages of the pro-
duction and distribution chain) regulation
requests the sellers to ‘inform trade buyers
in writing that a product contains GMOs;
communicate the unique identifiers assigned
to each GMO under the regulation; identify
each ingredient produced from GMOs. EU
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countries must carry out inspections, sample
checks and tests, to ensure the rules on GMO
labelling are followed’ (EC, 2016). ‘In the EU,
field coexistence regulations are formulated
by national governments, according to the
principle of subsidiarity, while the EC simply
issues guidelines. As a result there is great
heterogeneity in coexistence regulations on
buffer zones and isolation distances between
GM and non-GM crops, which vary between
15 m (for silage maize in Sweden) and 800 m
(for maize in Luxembourg), depending on the
member state’ (Davison, 2010, p. 96). Label-
ling, traceability, detection, and coexistence
regulations as non food-safety issues, have the
aim of providing consumers with the choice
between GMO and non-GMO foods. All in
all, the EU applies the precautionary princi-
ple as a guiding approach for GMOs. As the
EUR-Lex glossary explains, this principle ‘re-
lates to an approach to risk management
whereby, if there is the possibility that a
given policy or action might cause harm to
the public or the environment and if there is
still no scientific consensus on the issue, the
policy or action in question should not be
pursued’ EC (2016). This policy has been the
subject of many criticisms by both oppo-
nents and proponents of GMOs. Often it is
signed as too restrictive, a concealed trade
barrier, political, and a manifestation of an
‘anti-science attitude’, leading ‘to price rises
in the meat and poultry industries’ (Davison,
2010, p. 98). There are, on the other hand,
opinions that such a legal regime is too weak
and that the EU ‘has accepted the inevitabil-
ity of GMO-contamination to some level, and
only seeks to control it’ (Paul and Steinbre-
cher, 2003).

Anyway, GMO cultivation in the EU is
very limited, 19 EU countries have ‘opted
out’ of GMO crops within all or part of their
territories (Eco Watch, 2015). In 2016, only
four countries in the EU (out of 28) — Spain,
Portugal, Slovakia and the Czech Republic -
planted a single transgenic crop, Bt maize
event MON 810, resistant to the European
corn borer. Table 2.3 shows that the area
planted with Bt maize in the EU reached its
maximum in 2013. After a significant drop
in 2014 and 2015, a recovery started in 2016
(James, 2016). In the Czech Republic and
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Table 2.3. Transgenic maize area in the EU, by Member States (ha). (From James, 2016.)

Country 2011 2012 2013 2014 2015 2016
Spain 97,326 116,307 136,962 131,538 107,749 129,081
Portugal 7,724 9,278 8,171 8,542 8,017 7,069
Czechia 5,091 3,080 2,560 1,754 997 75
Romania 588 217 220 771 3 -
Slovakia 761 189 100 411 104 138
Poland 3,000 N/A - - - -
Total 114,490 129,071 148,013 143,016 116,870 136,363

Portugal, the area under Bt maize has gradu-
ally decreased, and Romania and Poland have
stopped producing it, while Slovakia grew it
on just 138 ha. All in all, Spain represents
almost 95% of the total area in 2016.

Transgenic maize produced in the EU is
used locally as animal feed and for biogas
production. The EU does not export any trans-
genic crops or plants, but as a protein defi-
cient area, imports large quantities of feeds.
The share of transgenic products in total im-
ports is estimated ‘at around 90 percent for
soybeans, less than 25 percent for corn [maize],
and less than 20 percent for rapeseed’ (GAIN,
2016a).

In relation to the attitude toward GMOs,
there are great differences across EU countries.
The GAIN report classified member states,
depending on their acceptance of transgenic
technology, into three categories: adopters,
conflicted and opposed (GAIN, 2016a).
‘Adopters’ have ‘pragmatic governments and
industry generally open to the technology’:
Spain, Portugal, Slovakia, the Czech Re-
public, Denmark, Estonia, Finland, Flanders
in Northern Belgium, the Netherlands, Ro-
mania, and England in the UK. ‘Conflicted’
states are those states where ‘most scien-
tists, farmers, and the feed/food industry
are willing to adopt the technology, but con-
sumers and governments, influenced by an-
ti-biotech groups, rejectit’: France, Germany,
Poland, Southern Belgium (Wallonia), Bul-
garia, Ireland, Lithuania, Sweden, Northern
Ireland, Scotland, and Wales. In the ‘op-
posed’ states, ‘most stakeholders and policy
makers reject the technology’: Austria, Croa-
tia, Cyprus, Greece, Hungary, Italy, Malta, Slo-
venia, Latvia and Luxembourg. European
consumers generally have more negative

perceptions about and lower intentions to
purchase transgenic foods in comparison
with consumers from North America. Accord-
ing to the Eurobarometer survey, Europeans
‘do not see benefits of genetically modified
food, consider genetically modified foods to
be probably unsafe or even harmful and are
not in favour of development of genetically
modified food’ (TNS Opinion & Social, 2010,
p- 7). European NGOs, Green political par-
ties and the organic movement have often
organized ‘sensationalistic campaigns multi-
plied by media articles’ (Lucht, 2015).

In order to fully understand the EU posi-
tion on GMOs, it is necessary to return to
the past — to the emergence of the Common
Agricultural Policy (CAP) in 1957. Article 39
of the Treaty of Rome specifies a set of ob-
jectives for the CAD, as follows: (i) to increase
agricultural productivity by promoting tech-
nical progress and by ensuring the rational
development of agricultural production and
the optimum utilization of the factors of
production, in particular labour; (ii) thus to
ensure a fair standard of living for the agri-
cultural community, in particular by increasing
the individual earnings of persons engaged
in agriculture; (iii) to stabilize markets; (iv) to
ensure the availability of supplies; and (v) to
ensure that supplies reach consumers at rea-
sonable prices.

The CAP was determined by the agricul-
tural policies of the six founding countries —
Belgium, Luxembourg, the Netherlands,
Germany, France, and Italy - in which agri-
culture played a major role in the economy
(Table 2.4). Except for the Netherlands, all
the other members of the original EEC Six
(and then the UK, who later joined them)
were a net importers of agricultural products
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Table 2.4. Main agricultural indicators in the EEC Six and the UK, 1955—-1960. (From Zobbe, 2002.)

Agriculture Agriculture Agriculture share Net foreign trade
share in share in total in total trade (%), in agricultural
GDP (%) employment (%) average, 1955-59 products, 1960
USS$, 1955-59,
1955 1960 1955 1960 Export Import average
Belgium 7.9 7.3 9.3 7.6 54 17.2 -386.4
Luxembourg 9.3 7.6 19.4 16.4 - - -
Holland 11.4 10.5 13.2 115 33.6 19.6 +310.0
Germany 8.0 6.0 18.5 14.0 2.8 32.9 —2,124.6
France 11.4 9.7 26.9 22.4 14.9 29.2 —836.0
Italy 20.7 15.1 40.0 32.8 22.6 20.6 -114.2
EEC Six 115 9.0 21.2 175 15.9 23.9 -
UK 4.8 4.0 4.6 4.3 6.5 41.8 —4,013.6

(Zobbe, 2002). “The main type of farm in
Europe after the Second World War was a
fairly small-scale family-owned farm which
had structural problems to a greater or
lesser extent. Increased production through in-
creased productivity was seen as a solution
to the farmers’ income problem. In all six
countries, a price policy combined with vari-
ous structural policy measures had been cho-
sen as the means to achieve this goal’ (Zobbe,
2002, p. 13).

A high level of dependency on food im-
ports was seen as political weakness — ‘US
farm exports to western Europe were worth
over US$1 billion in 1961’ (Ludlow, 2005,
p- 365). Concern about the post-war provi-
sion of food security led the founders of the
EEC to make certain decisions at the Stressa
Conference in 1958. They formulated a pol-
icy of price support. Thanks to a highly
expensive and protectionist system, the
EEC and later the EU successfully increased
agricultural self-sufficiency. In 2012, 96%
of the total available meat in the EU was
produced in the EU itself, while 92% of the
available amount of meat was consumed.
The comparable figures f