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Dear Reader,
in order to respond to the economic, social and environmental issues that are looming 
on the horizon, the agriculture/food sector requires innovation. Climate change, the 

progressive reduction of arable land, the water emergency, population growth (resulting in 
the need to ensure access to food to a growing number of people) and the quality of food: 
these are all problems that require a new approach and new tools. 

Processes of innovation are inherently multidimensional, the result of the combination of 
many factors, and are adapted differently in different geographical contexts. Among the 
different options available, the possibility of improving plant varieties through the adoption 
of biotechnology represents only one of the areas of great interest.

In order to understand what the contribution of biotechnology to the sustainability of the 
food system could be, the broad base of knowledge and all the tools made available by modern 
science and technology need to be taken into account. Knowledge that, as mentioned in the 
document’s title, are beyond that of genetically modified organisms.

This is extremely important because it seems difficult to imagine that GMOs, designed and 
developed for an intensive, single-crop production model (dependent on chemical herbicides 
and fertilizers), could be a sustainable response to the complex challenges of the future 
in individual geographical areas. If in the past, work has mainly been conducted on the 
development of new seed varieties that can be used globally, the future will hold, instead, a 
looming need to identify specific varieties that are suited to individual geographical contexts.

For this reason, innovation should be more orientated toward forms of non-transgenic 
biotechnology, about which there is generally less talk and which we illustrate in this 
document.
The scientific knowledge that has been made available by modern genetics can greatly  
accelerate the production of new seed varieties which will be capable of giving adequate 
answers to the complex needs of the agri-food world.

Enjoy the read,
Guido Barilla
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	 The	vision	of	The	
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To	offer	a	varieTy	of	highly	sCienTifiC	
ConTriBuTions	and	BeCome	a	valuaBle	serviCe	
To	The	insTiTuTions,	The	sCienTifiC	CommuniTy,	
The	media	and	Civil	soCieTy	over	Time;	a	meeTing	
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D
ar

ly
ne

 A
. M

ur
aw

sk
i/

N
at

io
na

l G
eo

gr
ap

hi
c 

St
oc

k



6

B
ey

on
d 

G
M

O
s.

 B
io

te
ch

no
lo

gy
 in

 th
e 

ag
ri

-fo
od

 s
ec

to
r

The Barilla Center for Food & Nutrition (BCFN) is a center of multidisciplinary 
analysis and proposals which aims to explore the major issues related to food and 
nutrition on a global scale. 

Created in 2009, BCFN intends to listen to the demands emerging from society today 
by gathering experience and qualified expertise on a worldwide level and promoting 
a continuous and open dialogue. The complexity of the phenomena under investiga-
tion has made it necessary to adopt a methodology that goes beyond the boundaries 
of different disciplines. These topics under study are broken down into four areas: 
Sustainable Growth for Food, Food for Health, Food for All and Food for Culture. The areas 
of analysis involve science, the environment, culture and the economy; within these 
areas, BCFN explores topics of interest, suggesting proposals to meet the food chal-
lenges of the future. 

In the field of Food for Sustainable Growth, the Barilla Center for 
Food & Nutrition focuses on the issue of the optimization of 
natural resources within the framework of the food and agri-
cultural sector. More specifically, the studies conducted so far 
have identified some critical issues and have evaluated the 
environmental impact of food production and consumption, 
putting forward a series of proposals and recommendations 
for individual and collective lifestyles which may have a pos-
itive effect on the environment and on natural resources. 

In the field of Food for Health, Barilla 
Center for Food & Nutrition has decided 

to start its research work by analyzing the existing relationship 
between nutrition and health. It has studied in depth the recommen-
dations provided by the most distinguished nutrition institutes in the 
world and the results of ad hoc panel discussions with some of the 
most accredited scientists at the international level. As a result, 
it has been able to provide civil society with a clear set of con-
crete proposals for more easily adopting a correct lifestyle and a 
healthy diet. 

THE Barilla CEnTEr 
for fooD & nuTriTion

THE fuTurE of fooD is growing wiTH us
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In the field of Food for All, the Barilla Center for Food & Nutrition 
deals with the issue of food accessibility and malnutrition with 
the aim to reflect how to promote better governance of the food 
and agricultural sector on a global scale, in order to have a more 
equitable distribution of food and a better impact on social 
well-being, health and the environment. 

In the Food for Culture area, the Barilla 
Center for Food & Nutrition aims the re-
lationship between man and food. In particular, 
BCFN has traced the most significant stages in the evolu-
tion of the man-food relationship, refocusing on the fundamental role 
of the Mediterranean diet. 

In line with this approach, the activities of BCFN are guided by the 
Advisory Board, a body composed of experts from different but com-
plementary sectors, which makes proposals, analyzes and develops the 
themes, and then drafts concrete recommendations.

One or more advisors have been individuated for each specific area: Barbara Buch-
ner (expert on energy, climate change and the environment) and John Reilly (economist 
and expert on environmental issues) for the area Food for Sustainable Growth; Mario Monti 
(economist) for the area Food For All; Umberto Veronesi (oncologist), Gabriele Riccardi 
(nutritionist) and Camillo Ricordi (immunologist) for the area Food for Health and Claude 
Fischler (sociologist) for the area Food for Culture. 

In its first two years of its activity, BCFN created and divulged a number of scientific 
publications. Driven by institutional deadlines and priorities found on the international 
economic and political agendas, it has reinforced its role as a collector and connector 
between science and research, and policy decisions and other governmental actions. 
BCFN has also organized events which are open to civil society, including the Interna-
tional Forum on Food & Nutrition. This event is an important moment of confrontation 
with the greatest experts in the field and is now in its second edition. BCFN continues 
its path of analysis and sharing for a third year, making its content accessible to as many 
interlocutors as possible and acting as a reference point on issues of food and nutrition.

In 2010, with the first paper that BCFN devoted to GMOs, we posed the question of 
whether GMO agriculture was sustainable. It was, therefore, natural to dedicate the work 
done during this year to the analysis of biotechnology beyond that of GMOs. Thus, the 
developments of various agri-food biotechnology have been assessed not only from a 
technical point of view, but also in geopolitical terms, analyzing the role that this type of 
innovation is having in both emerging and developed countries.
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grEaTEr awarEnEss of THE EnVironMEnTal iMPaCT of agriCulTurE is 
inCrEasing inTErEsT in MorE susTainaBlE agro-fooD MoDEls.

Increased awareness of the environmental impact of farming, and the widespread con-
cern about the scarcity of resources, today lead to a rethinking of the global food sy-
stem, to make it more sustainable in different territorial contexts and in a long-term 
perspective.
Therefore, to meet future challenges, sustainable agriculture must produce food and, at 
the same time, promote biodiversity by encouraging the creation of synergies between 
the species (aimed at strengthening the profile of ecosystems’ resilience and their self 
management), supporting the processes of soil protection from erosion, optimizing the 
consumption and use of water, and minimizing the use of agrochemicals, synthetic fer-
tilizers and, possibly, fossil fuels. However, at the same time, it must also provide decent 
incomes for farmers and affordable prices for consumers.

susTainaBiliTY is ConsiDErED THE CriTEriuM for EValuaTing 
BioTECHnologiEs anD THEir aBiliTY To rEsPonD 
To THE CHallEngEs of THE fuTurE.

The agriculture and food biotechnology sector is vast and includes a set of techniques and 
instruments used by researchers to understand and change the genetic makeup of orga-
nisms in order to select varieties of plants that are useful in the production or processing 
of food products.
There are two broad categories of intervention in the field of food biotechnology:
- correctly defined GM techniques of the recombinant DNA, known more familiarly as “ge-

netic engineering,” by means of which the genome of an organism is changed through
transgenesis, by inserting a foreign gene (named a transgene) into the genome of a living
organism that serves as host, in order to introduce one or more new features.

- non-GM techniques, whose contribution is to make information available to guide the
processes of the analysis and selection of favorable genetic variants. Among these, of par-
ticular importance are: MAS (Marker-Assisted Selection), mutagenesis, TILLING (Targe-
ting Induced Local Lesions in Genomes), and the characterization of germplasm and tissue
culture.

Sustainability is the fundamental perspective for assessing the contribution of technologi-
cal innovations and their ability to respond to the real needs, issues and challenges that the 

global agricultural sector will be called upon to face in the future. In particular, besides the 
control of crop diseases and pests (the first to be developed), it is also interesting to identify 
techniques and approaches that allow us to cope with the growing scarcity of water, the 
reduction of soil fertility and the drop in the increase of agricultural productivity, without 
compromising on the improvement of food quality. 
The development of sustainable agricultural models requires innovative processes. The 
imbalances that characterize the models in agricultural use, mainly due to structural ele-
ments, need new tools in order to be resolved adequately: in our opinion, multidimensional 
approaches are required, based on an optimal combination of biotechnology and non-GM 
farming techniques. The use of traditional techniques combined with the new knowledge 
of biotechnology permits a drastic reduction in the time needed to develop new plant varie-
ties that are able to contribute in a meaningful way to the pursuit of sustainable agriculture 
at the level of costs. A similar approach would also be applicable in the context of develo-
ping countries.

analYsEs of agro-fooD BioTECHnologiEs - gMos anD non-gMos - in
EMErging anD DEVEloPED CounTriEs.

To understand the role biotechnology plays in the agro-food sector in the various countri-
es, an analysis was conducted of the level of penetration of GMO and non-GMO crops, 
the objectives of the research programs, the national regulations which have been adop-
ted and the degree of public support. The results:
- The European Union looks with interest to biotechnology in its different sectors of acti-

vity. This is demonstrated by the policies encouraging a knowledge-based bioeconomy
adopted over the last decade and, more generally, by a strategic plan which is strongly
imprinted upon biotechnology. This attention is reflected both in official documents
and in the amount of investments made available by the Framework Programmes of the
different DGs of the European Commission. Also, the number of patent applications
related to biotechnology presented at the EPO (European Patent Office) provides the
picture of a dynamic reality in the various sectors of research. However, at the same
time, Europe has made the decision – a decade ago by now – to refrain from making
transgenic biotechnology (GMOs) one of the strategic drivers of the development of
its agriculture, based on the principle of precaution and as a result of the reluctance
expressed by European citizens (clearly shown in the Eurobarometer survey in 2010).

- The United States, one of the pioneer countries in developing agricultural and food
biotechnology, has made a convincing choice, organizing an advanced biotechnology
sector specialized, in particular, in the development of transgenic organisms (GMOs),
based on the substantial scientific knowledge available at the level of the country’s
system and an agricultural sector that proved to be very receptive to the new GM seeds
right from the start. The penetration rates of these plant varieties are, however, so high
and the intensive monoculture model is so optimized, that the only way to enable fur-
ther increases in yield or productivity is through experiments in the new biotechnology
applications or of new species.

- China, spurred by favorable public policies, and thanks to a regulation that is still in
progress, now occupies a position of leadership among the emerging countries and,
more generally, in the world, in the sector of food biotechnology. The significant
amount of investments in R&D (Research and Development) and the growth trend that
has characterized its evolution in recent years, make China a center of excellence in
the development of important technological applications (both non-GMOs and GMOs,

EXECuTiVE suMMarY
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among which mutagenesis should be mentioned). However, none of the authorized 
GMO varieties have been introduced into the diet of the Chinese population.

- In India, the biotechnology sector in the food and agriculture field is one of the roads iden-
tified by past governments to encourage the development of the nation. The presence of
highly qualified human resources, fair and transparent regulations for the protection of
intellectual property rights, cutting-edge research infrastructures and growing investments
by both public and private sectors are some of the elements that have facilitated this choice.
However, ever since Bt cotton was introduced on the market, many controversies and di-
sputes have arisen within the country, demonstrating that there is not a full sharing of some
of these choices, and that this industry needs to make information more transparent.

- Argentina adopted GM crops right away, demonstrating an openness to biotechnology,
but it now risks a loss of its competitive advantage over other countries producing
biotech crops: the growing concerns of businesses, blaming excessive slowness of
the processes of authorization and control, have led the country to begin a process
of reflection, to try to understand if other technological applications (non-GM), less
constrained by government regulations, can contribute positively to the sustainable
growth of the agricultural sector.

- Brazil is one of the most significant examples worldwide regarding the field of agricul-
ture and food research in the sector. The extent of its agricultural areas, its impressive
level of biodiversity, the level of its agricultural production, the size and ubiquity of
its R&D in the food sector, all help to place Brazil among the leading countries in this
field. The great development of research and applications in biotechnology in Brazil
has been possible thanks to its strong scientific tradition in the field of biotechnology,
to the significant public funding allocated to basic research, and finally, to the presence
of a regulatory framework that is generally favorable to biotechnology research and the
dissemination of innovations derived from it.

ConClusions

In light of the analysis and discussions held, some concluding remarks can be formu-
lated, which we will limit ourselves here to recalling as summary points:
- the need to evaluate the sustainability of biotechnological innovations proposed for

agriculture emerges ever more clearly;
- despite being one of the factors in the development of sustainable agriculture, the de-

velopment of new high-yield plant varieties must not be the only objective;
- GMOs are important for an intensive single-crop agricultural model;
- the entrance of emerging countries is beginning to change the structure of the bio-

technology sector;
- the development of public-private research partnerships to reduce limitations in research;
- property rights are unduly limiting the ability to exploit knowledge in the field of bio-

technology;
- non-GM technology that is able to accelerate the traditional processes of crossing and

hybridization is being increasingly used;
- there has been interest in developing varieties that are resistant to drought or suitable

for saline soils.
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susTainaBiliTY sHoulD BE 
ConsiDErED THE CriTiCal 
faCTor for EValuaTing EVErY 
PossiBlE innoVaTion wiTH 
rEgarD To agriCulTurE

the world, the resulting increased productivity has been achieved with the intensive, and 
often irreversible, exploitation of the natural resources: soil erosion, water contamination, 
pollution of rivers and seas, de-forestation and loss of biodiversity.
Furthermore, new problems are arising (which, by definition, require new answers),5 
mainly due to population growth in developing countries and the effects of climate change 
on agriculture.
Moreover, as we shall see in more detail below (Section 1.2), the rate of growth in agri-
cultural productivity has dwindled significantly, to almost zero. This means that the deve-
lopment that had been achieved in the first thirty years following the introduction of the 
intensive monoculture paradigm has lost its momentum.
Therefore, we must thoroughly re-evaluate the existing models and logic, not only to see 
if it will result in a gap between the supply of and the demand for food, but above all, to 
understand how to make food products accessible and distributed more fairly. 
It is our belief that the intensive single-crop paradigm is less and less sustainable and that it 
is, therefore, time to completely rethink the agricultural system using all available options, 
and not just those that are typically technological, so as to make it truly compatible with the 
different local contexts in a long-term perspective.
What interests us here is to highlight how sustainability should be considered the critical 
factor for evaluating every possible innovation with regard to agriculture. 
For this reason, the first document published by the BCFN on the use of biotechnology 
(specifically, genetically modified organisms) was entitled Is GMO agriculture sustainable?: 
it proposes a multidimensional and dynamic interpretation of sustainability.6

one  of the key issues for any serious reflection on agriculture today is the concept of
“sustainability.”
Sustainable agriculture can be described as “the production of food that makes the 

best use of the goods and services of nature, without damaging it.”1 The FAO reminds us 
that in order to achieve this, many requirements must be fulfilled: to be sustainable, farming 
must contribute “to preserve the natural resources, assist in protecting the environment, 
be appropriate for the context of reference (from the point of view of the techniques used) 
and, finally, be socially and economically acceptable.”2

There are various models of sustainable agriculture,3 but they all share some common 
traits. In fact, to be sustainable, farming has to encourage biodiversity, promote the crea-
tion of synergies between the species (aimed at strengthening the profile of resilience of 
ecosystems and their self-regulation), support the processes of soil protection from erosion, 
optimize the consumption and use of water, and reduce the use of agrochemical products 
and synthetic fertilizers.
The reasons for the growing interest in more sustainable forms of agriculture, compared 
to the intensive models now prevalent in many parts of the world, primarily stem from 
an increased awareness of the environmental impact of agricultural activities. In addition, 
there is growing concern about the scarcity (not only in the future) of resources that have 
supported the phase of accelerated development of agriculture known as the green revolu-
tion, starting with oil.4

As we know, the last fifty years have been characterized by the rapid evolution in agricultu-
re toward the use of technologies to increase the productivity of the factors employed and 
toward a general modernization of production techniques. Moreover, since the ’60s and 
’70s, the simultaneous introduction of crop varieties with a high yield (the socalled HYV, hi-
gh-yielding varieties), the practice of monoculture (single crops), widespread mechanization 
and the contribution of agrochemical products (the massive use of pesticides, herbicides, 
fungicides and synthetic fertilizers, developed through the use of nitrogen, phosphorus and 
potassium) have all contributed to an extraordinary increase in production volumes – in 
equal measure - especially with regard to wheat, rice and soy. 
This model is a combination of intensive monoculture, agrochemicals and mechanization,  
which – together – allow farmers to exploit the potential economies of scale throughout the 
supply chain of activities, inaugurating a season of high productivity and low food prices. 
However, even though excellent results were obtained in the past, the production paradigm 
that emerged from the green revolution is now inadequate for addressing the major challen-
ges of the agriculture-food sector. As stated in the 2009 IAASTD report entitled Agriculture 
at a Crossroads, which has been used for more than four years by some 400 experts around 

susTainaBlE 
agriCulTurE is “THE 

ProDuCTion of fooD 
THaT MakEs THE BEsT 

usE of THE gooDs anD
sErViCEs of naTurE, 

wiTHouT DaMaging iT”

PrEMisE: susTainaBiliTY 
as a CriTiCal faCTor 
for EValuaTing innoVaTion 
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Two TECHniCal CaTEgoriEs 
of BioTECHnologiCal 
inTErVEnTion: THE gEnETiC 
ManiPulaTion of PlanT 
sPECiEs anD THE Crossing 
anD HYBriDizaTion 
ProCEssEs

THE EValuaTion of a 
gEnETiCallY MoDifiED 
ProDuCT CannoT BE 
sEParaTED froM THE 
TECHniCal ProCEss THaT 
gEnEraTED iT

aCCorDing To rECEnT fao 
EsTiMaTEs, MorE THan 
onE Billion PEoPlE in 
DEVEloPing CounTriEs
suffEr froM HungEr 

anD jusT as ManY 
arE oVErwEigHT in 

DEVEloPED CounTriEs

wE MusT unDErsTanD 
How To inTErVEnE 

To rEDuCE THE 
PErCEnTagE of CaloriEs 

anD To EnsurE EquiTaBlE 
DisTriBuTion aMong 

THosE wHo HaVE anD 
ConsuME Too MuCH fooD 

anD THosE wHo 
HaVE Too liTTlE To BE 

aBlE To surViVE

Despite the fact that the quantity of food products is now more than enough to feed 
the entire world’s population, according to recent FAO estimates, more than a 
billion people in developing countries suffer from hunger and just as many are 

overweight in developed countries.
Moreover, not even the future prospects of access to food are reassuring. In fact, if you 
consider that in 2050 there will be 2.2 billion people to feed, the current situation – in 
the absence of incisive corrective actions coordinated at the international level – can 
only get worse.
It is not only a matter of an effect linked to the functioning of the markets, since the rea-
sons for the imbalances are structural and regard both the demand for and the supply of 
agricultural products. Among the demand factors, first of all, is the significant increase in 
population and economic growth of countries like China and India, where the demand for 
food is increasing.
Given these dynamics of such rapid growth, the supply of food is struggling to keep up, in 
part because the phenomena of climate change, the production of biofuels and soil ero-
sion – reducing the cultivated areas worldwide – are helping to make the whole picture 
even more uncertain.
In addition, the wastage of goods throughout the entire food chain, from farm to table, 
continues to be relevant.7

Added to all this is the data on agricultural productivity, which grew by more than 3% 
between 1960 and 1980, and which has plummeted to an increase rate of only 0.7% in 
the last two decades. Nevertheless, it would be wrong to think that the only solution for 
allowing the supply of food to meet the demand is an increase in productivity. The real 
commitment must be focused on understanding how to intervene, on the one hand, to 
reduce the percentage of calories, now over 50%, which is not available for human con-
sumption and, on the other, to ensure an equitable distribution among those who have 
and consume too much food (even to the point of becoming ill) and those who have too 
little to be able to survive.
There is no doubt that productivity, too, has its weight and, if we consider sustainability 
as a prerequisite, this can be enhanced in several ways, namely by reducing the phenome-
na of post-harvest volume losses, transferring innovation to the most backward countries, 
building infrastructures in the poorest countries, investing in training, and spreading 
mechanization.
As for technological innovation for the improvement of plant varieties, non-GMO bio-
technology is now one of the most promising fields.

as we will show in detail in this document, the biotechnology sector is vast and com-
prises various intervention techniques whose application to the agricultural sector 
is very useful in some cases. Wishing to simplify as much as possible, the different 

techniques can be classified in two main categories:
- the first, which sees genetic recombination as the main intervention technique and

transgenic products as the main result of this approach, is based on the genetic manipu-
lation of some plant species through the introduction of new genes into their genetic
makeup, in order to produce plants with aspects of utility for the farmer (herbicide re-
sistance, resistance to particular species of insects, drought tolerance, etc.). These are
known as genetically modified organisms (GMOs);

- the second includes various other biotechnologies, which by their very nature are less
invasive, whose contribution is aimed at supporting, making the processes of crossing and
hybridization more effective and faster; these techniques have been known and used for
over a century by farmers all over the world and mainly involve the analysis and selection
of favorable genetic variations and the creation of new genetic variations.

Starting from this classification, last year we dealt with the issue of GMOs by publishing the 
position paper Is GMO agriculture sustainable?, to also take into account the media hype and 
the widespread interest and concerns accompanying the public debate on GMOs. Now, we 
are considering the issue of “other” biotechnologies with respect to GMOs.
This distinction, in practice, is of significant importance. From a strictly scientific point of  
view, the evaluation of a genetically modified product cannot be separated from the tech-
nical process that generated it, but the economic and social implications – and to an equal 
degree, policy – are far from negligible, as well. In fact:
- an activity is based on the possibility of patenting not only the product but also the indivi-

dual genes, as well as techniques of genetic recombination (the current one, in this case,
of GM products), which is particularly present in the sector of seeds. Citing a comment
by Mario Monti,8 the perplexities of those who speak of GMEs – Genetically Modified
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Economies – do not appear to be entirely unfounded,9 rather than GMOs. The non-GMO 
biotechnologies, using techniques that have always been known and used in agriculture 
(but only when there is a greater degree of knowledge), lend themselves less to facilita-
ting this oligopolistic process;

- however, the scope of application of the “other” biotechnologies is very broad by natu-
re, even in comparison with the few traits of utility developed so far by the agricultural
GMOs (herbicide resistance, resistance to insects and bacteria, and in some cases, foods
integrated with specific nutrients). Thus, there is the potential for a widespread econo-
mic impact, but it has still not been fully exploited today;

- the data on the diffusion of biotechnologies is of uncertain interpretation: whereas, in
the case of GMOs, there is a specific accounting (including economic) regarding the
use of the products – precisely because of the complex system regarding the protec-
tion of intellectual property that governs them and the media attention surrounding
them –, this is not the case of other biotechnologies. In fact, there is no product that,
in this latter area, differs in its intrinsic characteristics or the nature of its produc-
tion processes.

In summary, the problems and prospects of this sector differ significantly from those of GMOs 
and, thus, deserve to be dealt with on their own terms. After having highlighted – in the pre-
vious paper – the points of strength, interest and criticism of transgenic techniques, we have 
now chosen to conduct the same analysis of non-genetically modified biotechnologies.
Further on in this chapter is the Executive Summary of the previous document, Is GMO 
agriculture sustainable? (presented to the public last December 1st, at the second edition of 
the “International Forum on Food and Nutrition,” organized by the Barilla Center for Food 
& Nutrition), and reading it may help in understanding the topics covered here. Then, refer 
to this document in its entirety for any further information.

in the following pages, we propose to offer a sufficiently detailed introductory fra-
mework regarding the state of non-GMO food biotechnology in the world.
In this regard, it should be noted that, compared to the initial objectives of the study, 

we have found ourselves exploring a highly fragmented field of inquiry which is not always 
adequately mapped and quantified in terms of data on the diffusion and use of the various 
technologies. Nevertheless, it was decided not to renounce offering a first glimpse of this 
reality, aware that there will be other opportunities to address the issue again in the near 
future, given the importance and rapid evolution of scientific research on these topics. 
The interview with Olivier De Schutter10 in the following pages clearly emphasizes the 
reasons for the urgency to expand the horizon of analysis of non-GM biotechnologies. 
For there is a tendency, both in terms of public opinion and policy making, to reduce the 
issue of biotechnology to only genetically modified organisms, whereas, although of no 
minor importance, they do not represent the whole field of biotechnology, which is much 
larger, richer and ever changing.
This document was produced by integrating different methods of collecting information 
and data relevant to the inquiry, namely:
- the collection of about 15 interviews with opinion leaders, scientists, entrepreneurs,

members of public and private institutions and associations active in the field of bio-
technology research and agriculture, in different geographical contexts (Europe, the
United States, China, India, Brazil, Argentina);

- the analysis and synthesis of the latest documents on the subject, with a declination of a
geographic nature, where necessary;

- supervision of the methodology aspects by the Advisory Board11 of the Barilla Center for
Food & Nutrition, which directed the research work and contributed to commenting
on the results obtained.

appendix 1. Executive summary of the position paper Is GMO agricul-
ture sustainable?

The safety issue of genetically modified foods is one in which there is a greater alignment 
between the different positions in the field. The European licensing system for the mar-
keting of genetically modified ingredients seems to have measures that are the most re-
strictive of those adopted by various countries; nevertheless, some aspects of their risk as-
sessment can be further improved, for example, with the introduction of tests conducted 
by independent bodies.

inVEsTigaTiVE METHoDologY 
anD aPProaCHEs

1.4

© Corbis
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From the point of view of the right to food 
and human development, what do you 
think is the role of GMOs and other bio-
technologies used in the field of food and 
agriculture?
This	is	a	difficult	question	to	answer	becau-
se,	although	gmos	have	been	analyzed	 in	
terms	of	their	impact	on	the	health	of	indi-
viduals	and	the	environment,	 they	are	still	
very	controversial.	i	believe	that	much	rese-
arch	must	still	be	conducted	on	these	issues.	
unfortunately,	 this	has	not	been	 facilitated	
because	the	research	itself	is	carried	out	by	
the	same	people	who	hold	the	rights	to	the	
genetically	modified	organisms	and,	very	of-
ten,	 they	do	not	 allow	 further	 research	 to	
be	undertaken.	it	truly	is	a	bad	signal	that	is	
being	sent	to	consumers	and	that,	without	a	
doubt,	makes	them	less	certain.	
in	particular,	concerning	the	right	to	food,	i	
think	it	is	important	to	emphasize	that	the	
real	issue	is	not	just	how	gmos	have	led	to	
the	increase	of	crops	over	the	years,	which	
is	still	a	good	question,	but	what	the	impact	
of	gmos	has	been	on	the	incomes	of	poor	
farmers	working	 in	difficult	environments,	
specifically	in	developing	countries.	first	of	
all,	the	answer	is	that	since	1996	-	the	year	
the	commercialization	of	genetically	modi-
fied	crops	began	-	they	have	been	mainly	
used	to	develop	four	types	of	crops,	two	of	
which	 are	 useful	 for	 producing	 their	 own	
pesticides	and	the	other	two	which	are	re-
sistant	 to	 certain	 types	 of	 pesticides	 that	
can	 be	 used	 later	 in	 the	 crops	 produced.	
furthermore,	small	 farmers	 in	developing	
countries	 have	 not	 benefited	 from	 these	
technologies	because	they	have	been	de-
signed	primarily	for	the	rich	farmers	in	de-
veloped	countries.

although	 genetically	 modified	 soy	 has	
been	produced	on	a	 large	scale	 in	some	
countries	like	argentina	and	Brazil,	it	has	
essentially	been	useful	for	large	producers	
and	a	 type	of	agriculture	 that	 is	not	re-
presented	by	the	small-scale	family	farm,	
typical	of	many	developing	countries.	so	
i	think	the	real	question	is	not	only	whe-
ther	we	 should	be	 for	or	 against	gmos,	
but	 where	 to	 allocate	 the	 investments,	
whether	 or	 not	 the	 research	 has	 public	
funding	and	to	try	to	promote	innovation	
in	agriculture.	i	think	the	money	spent	in	
the	best	way	for	innovation	is	that	which	
is	 used	 to	 support	 the	 poorest	 families,	
whether	 it	 is	being	 funded	by	 the	public	
sector	or	the	private	sector	(this	is	not	the	
crucial	point).
what	needs	to	be	asked	is:	“who	will	be-
nefit	and	what	will	the	impact	on	incomes	
be?”	at	the	moment,	i	have	to	say	that	most	
of	 the	research	has	been	conducted	with	
support	from	the	private	sector	and	for	the	
benefit	 of	 the	 major	 agricultural	 entities,	
while	 too	 little	has	been	done	to	support	
small	farmers	in	developing	countries.	so	
there	are	many	things	that	we	could	and	
should	do	regarding	the	issue	of	research,	
which	probably	could	be	best	undertaken	
by	public	research	centers,	while	still	being	
partly	financed	by	the	private	sector,	if	they	
meet	the	needs	of	small	producers	in	de-
veloping	countries.
in	other	words,	i	believe	that	gmo	crops	
are	actually	a	small	part	of	a	larger	pro-
blem,	which	is	figuring	out	what	direction	
agricultural	 research	 should	 take	 and,	
from	my	point	of	view,	that	of	helping	the	
poorest	farmers.	Currently,	gmo	innova-
tions	have	not	had	this	kind	of	impact.

interview with olivier de Schutter,
Special Rapporteur on the Right to Food 
(United nations)
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Currently, scientific studies carried out at the international level do not show evident 
acute effects on human health, at least in the short term. In the long term, there are 
elements that can give rise to the fear of negative effects, although studies are lacking for 
a final confirmation.
With regard to the concern for human health, there have been:
- the occurrence of some allergies, which the current European licensing system, however, 

seems to be able to identify;
- the antibiotic resistance, although the use of marker genes resistant to antibiotics has 

been the subject of a recommendation from the European Commission (but this is a 
recommendation that has not always been respected, as is evidenced by the case of the 
Amflora potato that contains them; the EMEA, the European Medicines Agency, has 
actually asked that it not be placed on the market);

- the risk of gene transfer; the results of scientific studies regarding this risk are still con-
flicting.
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soluTion To THE ProBlEMs 

of aCCEss To fooD in THE 
worlD? or, ViCE VErsa, CoulD 

THEY CausE THE inEqualiTY 
To inCrEasE?
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of PEoPlE rEgarDing 
BioTECHnologY anD gMos?
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Moreover, it is easy to see the scant interest of the industry in products or technologies to 
be allocated to marginal areas, which, instead, are those where the incidence of food inse-
curity is the greatest.
The picture is completed by considering the secondary role of public institutions in develo-
ping research on GMOs, not only because of political choices, but also due to the protection 
systems of property rights, which today are in the hands of a few multinationals. 
In summary, GMOs – as we know them today – do not seem to play a significant role in 
alleviating hunger in the world, for a very simple reason: they were not developed with this 
goal in mind.
In summary, GMOs – as we know them today – do not seem to play a significant role in alle-
viating hunger in the world, for a very simple reason: they were not developed with this goal 
in mind. In contrast, there is higher concern about the risk of imbalances arising from the 
introduction of the intensive farming model in rural areas engaged in subsistence agriculture.
To change this picture, we should fundamentally change the regulatory structure and in-
centives in the sector, in order to foster the development of initiatives specifically aimed at 
developing countries.

From the analysis of the choices that are sometimes made regarding the use of biotechno-
logy and GMOs in food in Europe and elsewhere, a result emerges that is greatly influenced 
by a strong orientation toward the natural (understood as a lack or reduced intervention of 
human manipulation), which is closely related to health.
This shows a cross-cultural character and one can see that it does not reveal significant dif-
ferences between Anglo-Saxon countries and continental European ones: people consider 
GMOs to be what is most “unnatural,” right from their original structure.
Especially when they are created through the transmission of genes between different spe-
cies; the products modified with cisgenic techniques (the genes introduced into the DNA of 
the plant come from the same species) are more acceptable than the corresponding transge-
nic varieties.
According to Eurobarometer surveys, the degree of acceptance of GMOs has been decrea-
sing in recent years. In particular, the decrease is very marked in countries (such as Spain, 
Portugal and the Czech Republic) where the cultivation of GMOs has been permitted for 
some time. This attitude also depends on the fact that, when faced with possible risks, the 
people do not perceive any direct benefit from the introduction of this new technology.

The most promising aspects of scientific research on this topic concern the creation of 
genetically modified foods with nutritional characteristics superior to traditional ones or 
even with protective properties against certain diseases.

This question has the least convergence between scientists and the highest rate of un-
certainty.
On the other hand, the difficulty of obtaining reliable data depends on two factors:
- the very nature of scientific research in this open field, which makes it difficult to iso-

late the causes and effects and determine the correlations in a complex biological
context;

- the historical series of references, which are still too short.
However, from the analysis of the scientific documents available, some risks clearly
emerge that are associated with the introduction of GMOs into the environment, in
particular:
- loss of biodiversity;
- the risk of contamination (particularly in areas of the species’ origin);
- increased use of pesticides/herbicides;
- an increase of the phenomenon of resistance to herbicides;
- damage to the natural habitat for wildlife.
With the exception of the emerging phenomena of resistance to herbicides, there is
currently no clear consensus by the scientific community on any of these risks.
But some recent episodes show that the simple introduction of GMOs, even if confined
to experimental fields of limited size, may be the cause (even after years) of an unex-
pected and widespread contamination that affects not only the local market but also
exports.
This justifies the heated debate at an institutional level over the criteria of regulation
and control of the co-existence between GMO crops and traditional ones.

Access to food is a complex problem that brings a number of economic, social and political 
variables into play, interwoven within a framework that is difficult to interpret, even before 
any sort of intervention takes place. In this context, a single technology cannot claim to 
play a decisive role by itself in tackling the still unsolved problems.
To give a concrete contribution to resolving these problems, the products of genetic engi-
neering should be consistent with the nature of the challenge and, thus, able to adapt to the 
local circumstances of different regional contexts.
Actually, GMO products on the market today were designed and developed “inside” and 
“for” capital-intensive, industrialized agricultural models, with large areas of cultivation, 
extreme mechanization and an intensive use of agrochemicals. The benefits they bring are 
more related to the effect of “insurance” than to the possibility of increasing the crop yield 
in a decisive way. Moreover, they tend to strengthen the single-crop vocation in many re-
gions in the world.
We should remember that the GMOs on the market today are mainly used in the livestock, 
textiles and energy sectors, and therefore, their direct consumption by humans is marginal.
Besides, we should remember that the GMOs on the market today are mainly used in the 
livestock, textiles and energy sectors, and therefore, their direct consumption by humans is 
marginal. They are characterized by a limited number of variants of plant species, mainly 
restricted to only two traits of interest (Ht-herbicide tolerance and Bt-Bacillus thuringiensis), 
consistent with highly integrated business models, in which the sale of agrochemical pro-
ducts plays a key role in ensuring the profitability of businesses. © Corbis
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following	the	publication	of	the	document	
under	 consideration,	 we	 felt	 it	 would	 be	
appropriate	to	subject	the	text	to	a	review	
that	involved	several	members	of	the	natio-
nal	and	 international	 scientific	 community.	
while	 the	outcome	of	 this	detailed	 review	
will	be	made	public	 in	a	 future	 reissue	of	
the	position	paper,	we	wish	 to	 clarify	 two	
issues	that	are	perhaps	not	yet	entirely	cle-
ar,	which	we	have	found	to	be	particularly	
interesting	to	third	parties,	even	those	who	
are	highly	qualified.	
The	 first	 aspect	 is	 the	 criticism of the 
multidisciplinary formulation of the stu-
dy.	There	 was	 disapproval	 of	 the	 strong	
characterization	 related	 to	 our	 choice	 of	
framing	 (approach	 to	 the	 problem):	 or	
rather,	what	was	under	dispute	was	our	
choice	to	link	the	different	research	per-
spectives	 together,	 combining	 scientific	
evidence	with	economic	and	social	consi-
derations.	in	this	way,	our	work	took	on	a	
certain	perspective	which	was	considered	
by	 some	 to	 be	 “unscientific.”	 while	 re-
specting	the	criticism	in	this	regard,	and	
having	reflected	at	length	on	the	merits	of	
this	fact,	we	believe	that	in	order	to	un-
derstand	the	complexity	of	the	problems	
today,	it	is	essential	to	bring	the	different	
perspectives	 together	 in	 an	 interdiscipli-
nary	perspective.	The	facts	are	happening	
in	 the	 real	world,	 and	producing	 conse-
quences.	 sometimes,	 those	 same	 facts	
must	be	analyzed	starting	from	their	own	
consequences.	metaphors	aside,	if	gmos	
give	rise	-	for	deep-rooted	causes	of	the	
economic	model	in	the	industry	for	which	
no	one	is	individually	responsible	(and	so	
there	are	both	the	good	and	the	bad)	-	to	

oligopolistic	 market	 structures	 and	 mo-
dels	 of	 intensive	 single-crop	 agriculture,	
this	is	sufficiently	clear	to	induce	proposed	
solutions	for	overcoming	those	problems,	
outside	 the	 sterile	 logic	 of	 opposition.	
without	 throwing	 the	baby	out	with	 the	
bathwater,	of	course,	but	also	without	the	
easy	absolution	of	those	who	argue	that	
the	 socio-economic	 aspects	 cannot	 be	
subjected	to	proper	scientific	analysis.
The	second	aspect,	instead,	consists	of	the	
criticism of the minor importance given to 
consensus documents elaborated by the 
scientific world.	That	is	to	say,	we	have	been	
reproached	for	not	having	adequately	taken	
into	 account	 some	 positions of consensus 
expressed	by	the	scientific	community	and	
have,	 therefore,	 neglected	 particularly	 si-
gnificant	texts	of	international	scientific	pro-
duction	which	reduce	the	alarm	concerning	
the	 potential	 impact	 on	 the	 environment	
and	 people’s	 health.	 however,	 while	 we		
apologize	for	the	bibliographic	gaps	(where	
they	exist)	and	we	thank	the	 investigators	
who	expressed	possibly	useful	ideas	for	in-
clusion,	we	would	like	to	clarify	that	–	while	
we	 have	 very	 clearly	 presented	 the	 (mo-
derately	 positive)	 position	 of	 the	 scientific	
community	regarding	the	health	risks	-	we	
continue	 to	believe	 that	 the	aspect	of	 the	
assessment	 of	 environmental	 impact	 has	
not	been	fully	addressed	and	we	hope	there	
will	be	a	growing	number	of	studies	cha-
racterized	by	solid	methodology	and	rigo-
rous	analysis.	given	this	persistent	uncer-
tainty	regarding	the	environmental	aspect,	
we	prefer	the	adoption	of	practices	that	are	
at	least	partially	prudent.

a first review of the position paper Is GMO agri-
culture sustainable?
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MoDErn agriCulTural 
BioTECHnologY ConsisTs of 
a sET of VErY soPHisTiCaTED 

TECHniquEs anD Tools 
for unDErsTanDing anD 

ManiPulaTing THE gEnETiC 
MakEuP of organisMs

used in the agri-food sector – particularly suited for understanding what different appro-
aches are used – tends to identify two broad categories of intervention.
On the one hand, there are the techniques of recombinant DNA. These are more familiarly 
known as genetic engineering and refer to the modification of the genome of an organism 
through transgenesis, that is to say, the insertion, without sexual reproduction, of a fo-
reign gene (called “transgene”) into the genome of a living organism that serves as a host, 
to change its outward manifestations.
On the other hand, there is the set of techniques whose contribution does not lie in the 
potential of genetic manipulation, but in making information available to guide the traditional 
processes of analysis and selection of favorable genetic variants. Knowing the characteristics 
of the genetic determinants of the traits of utility is, in fact, an essential precondition for 
effective actions for improvement.

There is talk of biotechnology applications - in general - every time techniques are 
employed to “artificially induce changes in the structure and function of a living 
organism or a biological process for the end of practical usefulness.”2 Among the 

possible definitions, on a deeper level, is that of the Convention on Biological Diversity, 
which defines biotechnology as “any technological application that employs biological sy-
stems, living organisms or derivatives of these to produce or modify products or processes 
for a specific purpose.”3 A similar interpretation is proposed by the FAO in its Glossary 
of Biotechnology.4

As can easily be seen by its definition, biotechnology includes a very wide range of 
echnical and scientific applications that are used in various economic sectors, inclu-
ding agriculture. Modern agricultural biotechnology is a set of highly sophisticated 
techniques and tools used by scientists to understand or manipulate the genetic makeup 
of organisms for their use in the production or processing of agricultural goods. In fact, 
these techniques have their roots far back in time and are connected to a long history of 
attempts of crossbreeding and selection aimed at seeking the best and most profitable 
varieties. 
Agriculture has always been closely linked with the progressive improvement of the spe-
cies, the result of a continuous selection of desired characteristics. However, in recent 
decades, the progress made by scientific research has increased the potential of knowled-
ge, as has intervention by humans, opening up prospects of development that were uni-
maginable before.
Various objectives may be pursued through the use of biotechnology in agriculture. In 
particular:
- increase and stabilize yields;
- improve resistance to pests, diseases and climatic stress phenomena such as drought and

cold;
- improve the nutritional characteristics of food (healthy fruits, and a reduction of the to-

xicity of food and of allergens, increased nutritional components, such as vitamins);
- increase productivity of the factors and economic returns;
- achieve acceptable returns even in partially unsuitable contexts.
Also, considering possible targets related to its use, biotechnology is a tool of interven-
tion that is not at all secondary among those that are useful for achieving the productivity
gains necessary to adapt, over time, the offer of food products to the proportional increa-
ses in demand. Herein lies the main reason for the interest that it inspires today and the
hopes that fuel it.
As mentioned in the first chapter (Section 1.3), a possible classification of biotechnology

wHaT DoEs BioTECHnologY
in THE agriCulTurE 
anD fooD sECTor MEan?1

2.1

© Corbis
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agri-fooD BioTECHnologY 
Has anCiEnT origins anD 
CoMPrisEs THrEE PHasEs 

of sTuDY: THE firsT is 
CallED THE “unawarE agE”

THE sEConD PHasE is 
CHaraCTErizED BY THE 

sTuDiEs of BiologY anD 
BoTanY of grEgor MEnDEl 

THE THirD PHasE is linkED 
To THE DisCoVErY of THE 

sTruCTurE of Dna

HowEVEr, gMos arE jusT 
onE of THE oPTions THaT 

THE fooD inDusTrY Can 
usE. in faCT, a MulTiTuDE 

of oTHEr MolECular Tools 
anD TECHniquEs EXisT THaT 

iMProVE THE aBiliTY of CroPs 
To aDaPT To THE EnVironMEnT

2.2.1 a historical perspective

agri-food biotechnology has ancient origins. For many centuries they remained 
in a phase described by some historians of science as “old unawareness.” That 
is, a phase in which ranchers and farmers used empirical techniques, starting 

from attempts to improve crop yields, based on experience but without an adequate 
scientific basis.5

Only with the experiments of the Augustinian monk Gregor Mendel on the hybridization 
of plants in the nineteenth century were the first foundations laid for the future birth of 
a new branch of science, halfway between botany and biology, which will translate this 
knowledge into practical applications of technology: the so-called “conventional” bio-
technology. In the monastery in Brno, Moravia, Mendel was devoted to the study of the 
hybridization of plants in order to understand the mechanisms and the scientific founda-
tions of this practice used in agriculture6 and had shown that some of the characteristics 
of the plants he studied were transmitted to their offspring, as opposed to others. This 
is considered the second phase of biotechnological studies. However, the results of his 
studies on the inheritance of characteristics were long ignored by botanists of the time 
and were only taken up again in the twentieth century.
In 1953, after the discovery of the structure of DNA,7 the third phase of biotechnology 
applications began, in which we find ourselves still today. The main object of study has 
become, precisely, DNA – the source of all essential information of any living being, either 
plant or animal, simple or complex, it also holds all the mechanisms of genetic inheritance.
Needless to say, this is both a matter of a genuine revolution that preludes the first at-
tempts at genetic engineering and the accumulation of an extraordinary amount of infor-
mation used to support the “classical” processes of crossing, selection and hybridization.

2.2.2 Modern applications of biotechnology in the agri-food sector

On another occasion,8 we explained in detail the technical characteristics of transgenic 
intervention on DNA, i.e., all those innovative practices designed to identify, manipulate 
and transfer genes from plants and animals.
GMOs – which are one of the outcomes of genetic recombination techniques – are, ho-
wever, just one of the options that the food industry can use. In fact, a multitude of other 
molecular tools and techniques exist, perhaps less known to the general public, which, 
without producing genetic alterations, can improve the ability of crops to adapt to the en-

vironment. Among the main contributions in this regard, of primary importance is geno-
mics,9 which has made it possible to characterize the germplasm, identifying the genes of 
interest and studying their behavior and interaction with other components of the genetic 
makeup. This, like many other developments in the understanding of the genome and its 
functioning, is the basis of the set of biotechnology aspects covered in this chapter. 
The following is a brief illustration of what are currently considered the main biotechno-
logical applications in the agri-food sector that do not involve genetic modification. They 

BioTECHnologY 
in THE agri-fooD sECTor: 
froM iTs origins 
To MoDErn aPPliCaTions

2.2 BioTECHnologY Era aPPliCaTions

Traditional	 10,000	years	B.C.	 The	first	farmers	begin	to	select	the	most	useful	wild	varieties	to	
improve	crop	yields.

3,000	years	B.C.	 production	of	beer	and	cheese,	wine	fermentation.

Conventional	 late	1800s	 in	1865,	 identification	of	 the	 laws	of	 inheritance,	 thanks	 to	gregor
mendel,	and	the	creation	of	the	basis	for	the	traditional	methods	of		
reproduction.

1930	 development	of	the	first	commercial	hybrid	crops.

1940-1960		 use	of	mutagenesis,	tissue	culture,	regeneration	of	plants.	discovery
of	 transformation	 and	 transduction.	 in	 1953,	 the	 discovery	 of	 the	
dna	 structure	 by	 watson	 and	 Crick.	 identification	 of	 genetic	 ele-

	 	 ments	capable	of	moving	from	one	location	to	another	in	the	geno-
	 	 me	(transposons).

modern	 1970	 advent	of	gene	transfer	using	recombinant	dna	techniques.	use	of	
embryo	rescue	and	protoplast	fusion	in	plant	selection	and	artificial	
insemination	for	animal	breeding.

1980	 Creation	of	insulin	as	the	first	commercial	product	derived	from	the		
transfer	of	genes.	Tissue	culture	for	mass	propagation	of	plants	and	
embryo	transfer	in	animal	husbandry.

1990	 Collecting	 the	 genetic	 footprint	 of	 a	 wide	 range	 of	 organisms.	 in	
1990,	the	first	tests	 in	the	field	of	genetically	modified	plant	varie-

	 	 ties,	 followed	by	 the	first	commercial	versions	 in	1992.	production
of	vaccines	and	hormones	by	genetic	engineering.

2000	 Bioinformatics,	genomics,	proteomics,	metabolomics.

2010	 molecule	markers,	induced	mutations,	the	characterization	of	germ	
plasm	and	tissue	culture.
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THE CHaraCTErizaTion 
of gErMPlasM ConsisTs 
of THE oBsErVaTion, 
MEasurEMEnT anD
DoCuMEnTaTion of 
inHEriTaBlE TraiTs of a 
PlanT sPECiEs inTEnDED 
for DEsCriBing anD
unDErsTanDing THE 
gEnETiC DiVErsiTY of 
organisMs

a MuTaTion is CallED “inDuCED” 
wHEn iT is CausED BY Man anD 
is noT THE rEsulT of a ProCEss
of sEXual rEProDuCTion

as  the characterization of the germplasm of cultivated plants, the management of gene 
banks and the diagnosis of diseases. With the use of molecular markers, researchers can 
select a number of plant species at a very early stage and thereby save many years of hard 
work to develop new varieties.
Despite the technological advances of recent years, one of the major limitations of MAS 
is still the size of the initial investment. Even though cheaper and cheaper technologies 
are being developed, they are still very expensive if compared to traditional selective 
approaches. In the case of developing countries, there are still examples of applications 
of MAS to obtain new varieties, among which we can mention the ‘”HHB 67,” a hybrid of 
pearl millet resistant to downy mildew (blue mold) or varieties of rice developed in India 
that are also resistant to mildew.

characterization of germplasm
The characterization of germplasm consists of the observation, measurement and docu-
mentation of inheritable traits of a plant species intended for describing and understan-
ding the genetic diversity of organisms. The characterization of the germplasm of the 
different species is the basis for many biotechnological applications that exploit acquired 
knowledge to strengthen the internal mechanisms of a plant and to more precisely ad-
dress the traditional techniques of crossing and genetic improvement.
The developments in the field of molecular markers (MAS), as well as in genomics, have 
led to significant positive results in the study and management of molecular resources by 
increasing the level of detail of the analysis.
Thanks to the characterization of germplasm, it is possible to identify, select and then 
keep only the genetic traits of interest of the entire genome of a species, so that we can 
ensure its future reproduction. It must be stressed that these techniques are essential 
to ensuring broad access to the information collected and to guaranteeing an equitable 
sharing of the benefits deriving from them.

2.2.2.2 creation of new genetic variations

Induced mutations
A mutation is called “induced” when it is caused by man and is not the result of a process of 
sexual reproduction. This is achieved, therefore, with all those techniques, including molecu-
lar biology, that – without adding new plant genes to the organism under study – enable the 
creation of new genetic variations. The type of induced mutation that is obtained is generally 
predictable, since each mutagen has its own specific mutations.
Nevertheless, it is very difficult to determine a priori where these mutations will occur 
and then determine what effect they will have on the whole organism. We now present 
the main technologies developed in this area.

MUTaGeneSiS
mutagenesis	is	a	mutation	induced	at	the	dna	level,	involving	the	use	of	muta-
genic	agents	(physical	or	chemical,	with	or	without	the	specific	mutation).	it	is	a	
matter	of	stable	and	inheritable	changes	that	take	place	against	the	genome.	The	
physical	mutagens	are	mainly	 ionizing	radiation	(like	X-rays	and	gamma	rays)	
and	non-ionizing	radiation	(such	as	uv	rays);	chemical	agents,	however,	are	very	
numerous	and	belong	to	different	classes	of	compounds.

MolECular MarkErs arE 
iDEnTifiaBlE Dna sEquEnCEs 
THaT arE TransMiTTED froM 
onEgEnEraTion To THE nEXT, 

aCCorDing To TraDiTional 
MEnDElian laws of 

inHEriTanCE

MarkEr assisTED sElECTion 
(Mas) is a METHoD of 

analYsis To oPTiMizE THE 
PErforManCE of a PlanT 

VariETY 

are described individually, although in reality they are also combined with one another 
to maximize effectiveness. They are also divided into two groups that follow two main 
guidelines for using these technologies in the food sector: a) the analysis and selection of 
favorable genetic variations; and b) the creation of new genetic variations.

2.2.2.1 analysis and selection of favorable genetic variants

Molecule makers
Molecular markers are identifiable DNA sequences, localized in specific points in the 
genome,10 that are transmitted from one generation to the next according to traditional 
Mendelian laws of inheritance. We are now aware of a large number of molecule mar-
kers11 and in the last ten years, technology has significantly improved by developing 
more and more economic systems such as single-nucleotide polymorphism (SNP),12 
which is increasingly used today. Molecular markers have been used in research labs 
around the world since the late ‘70s and are used in most of the agri-food sectors. 
Versatile and functional in a variety of purposes, molecular markers are the basis for 
many technological applications that can vary greatly depending on specific technical 
characteristics, financial resources and technological intensity, as well as on the variety 
of genetic markers used.
The most widespread use of molecular markers is definitely aimed at genetic improvement 
of a species through the so-called marker assisted selection (MAS), a method of analysis 
that is able to optimize the performance of a plant variety through the use of molecular 
markers derived from DNA that orient the selection only to the traits of interest.

MaS (Marker assisted Selection)
marker	assisted	selection	(mas)	is	a	technique	that	accelerates	and	simplifies	
the	 selection	 of	 the	 genotypes	 with	 the	 best	 features,	 mainly	 derived	 from	
crossings	 made	 in	 programs	 of	 genetic	 improvement	 of	 crops.	all	 of	 this	 is	
achieved	using	the	knowledge	of	genetics	and	molecular	biology.

Specifically, it is a process by which a marker (morphological, biochemical, or based on 
changes in the DNA/RNA) is used for the indirect selection of a genetic determinant or 
determinants of a trait of interest. MAS is made possible and gradually improved thanks 
to the development of molecular marker maps made through the analysis of the DNA and 
thanks to experiments aimed at evaluating the statistics of possible associations between 
some variants of markers and certain features of interest. Maps of molecular markers are 
now available for a wide range of agricultural species and the most recent advances in the 
field of genomics13 are contributing more and more to generating information that is useful 
for the development of this application of biotechnology. In other words, through marker 
assisted selection, selection processes can be made faster and more effectivethanks to a 
better management of available information.
If the main use of molecular markers is linked to the ability to select samples destined 
to become “parents” of future generations by implementing a selective process that can 
identify the organisms with desirable traits, it is not the only one. Molecular markers, 
in fact, are also used as effective research tools to discover the genetic basis of complex 
agronomic traits such as drought or salt tolerance or resistance to diseases and pests.
They may eventually be useful for many other agricultural related applications, such 
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TissuE CulTurE ConsisTs 
of a sET of TECHniquEs 
for in ViTro CulTurE of 
PlanT CElls or TissuEs 
wiTHin an arTifiCial 
nourisHing EnVironMEnT 
unDEr sTErilE ConDiTions

Tilling Can BE ConsiDErED 
THE nEw TECHnologiCallY-

aDVanCED VErsion of 
ConVEnTional MuTagEnEsis

siMilar To TraDiTional 
HYBriDizaTion 
TECHniquEs, soMaTiC 
HYBriDizaTion oCCurs 
using a MorE raDiCal 
aPProaCH 
anD wiTH a MorE 
PronounCED usE of 
TECHnologY

tissue culture
Tissue culture consists of a set of techniques for in vitro culture of plant cells or tissues ithin 
an artificial nourishing environment under sterile conditions. These applications have been 
widely used for over 50 years and have recently also been applied to improve some of the 
most important crops in developing countries (for example, rice and potatoes).
There are many molecular techniques that fall into this category and each responds to dif-
ferent specific purposes. Two of the most important are: somatic hybridization and micro-
propagation.

SoMaTiC HYBRidiZaTion
somatic	hybridization	is	a	technique	by	which	we	obtain	hybrids	called	“soma-
tic”	from	plants	of	these	species	and/or	incompatible	genres,	in	which	traditio-
nal	hybridization	is	impossible.

Somatic hybridization aims to broaden the range of possible changes in plant species through 
the importing of whole chromosomes or genes from other species that are not sufficiently 
predisposed for a normal sexual crossing. Similar to traditional hybridization techniques, 
somatic hybridization occurs using a more radical approach and with a more pronounced 
use of technology. Starting from the development of sophisticated techniques of microinjec-
tion and cell fusion, this application has made possible the fusion of whole cells, or parts of 
them, to create new cells from species that are not related to one another.
The cells thus obtained then become subject to different treatments (for example, colchi-
cine or in vitro regeneration) to facilitate the multiplication of the chromosomes and the 
long-term stabilization of the new genome.
Currently, the main problem, which research related to this biotechnology has not 
yet managed to overcome, is precisely that of the instability in the succession of ge-
nerations of the new genome derived from the combination of two unrelated species. 
Nevertheless, somatic hybridization is the subject of increasing attention, including 
from developing countries, and especially with regard to the crops of some species of 
fruit. The interest in this technology can be found not only in the successful results 
obtained so far, but also in the fact that it may resemble transgenesis, although it is 
not considered to be a genetic modification by the regulatory authorities. The varieties 
generated obtained with this approach are, therefore, not subject to inspection and 
testing requirements normally expected for the transgenic varieties, which opens up 
significant new business opportunities for farmers.

MiCRopRopaGaTion
micropropagation	is	an	“in	vitro”	propagation	method	of	a	plant	which	produces	
a	series	of	clones	with	the	same	genetic	heritage	as	the	mother	plant.	it	is,	the-
refore,	a	“technological”	method	for	cloning	plants	which	is	based	on	the	same	
principle	as	traditional	cuttings	or	layering.	This	technique	is	applied	mainly	 in	
the	nursery	sector	and	permits	 the	 industrial	proliferation	of	plants,	primarily	
fruit,	and	those	for	ornamental	and	forestry	use.	it	is	also	widely	used	to	cure	
virus-infected	plants.

Finally, among the various tissue cultures there is the so-called micropropagation, which is 
the technique of propagation of a plant that, through the use of modern methods of in vitro 

Certainly the most widespread induced-mutation technology is mutagenesis, which in-
volves the use of mutagenic agents such as chemicals or radiation to alter the DNA and, 
thus, create new genotypes. This category also includes somatic mutagenesis, whereby 
tissue cultures or cells may undergo useful epigenetic modifications that are found later 
in stable traits in future generations. Induced mutagenesis has been carried out with 
success since 1930, but its scope and its usefulness have recently been strengthened and 
expanded by the discovery of TILLING.14 Using these technologies, it is possible to mani-
pulate only the genes already present in the genome, without, as in genetic modification, 
adding any new component.
Almost all mutations result in a loss of function in the mutated gene. In other words, 
the mutagenesis is aimed at reducing the adverse effects of genes rather than at accen-
tuating the expression of desirable genes. This limitation is only apparent, however, 
compared to the creation of new useful agronomic traits, since recent genomic studies 
have shown that, during the 10,000 years of agricultural history, the alleles of reduced 
functionality were at the basis of 9 out of the 19 key episodes of plant species impro-
vement.15

Currently, mutagenesis is one of the few technologies used significantly more in de-
veloping countries16 than elsewhere. This is due to the fact that public agencies and 
universities, which originally were the advocates of some of the most effective modern 
techniques of mutagenesis, have not protected the intellectual property rights at all, 
with the consequence of not having hindered their public use in any way. As a result, 
many varieties of mutagenic crops have been produced by and for developing countri-
es. Both mutations induced by chemical agents and those obtained through radiation 
have been used for crop improvement in these countries for more than seventy years 
and, by early 2009, more than 2,770 varieties derived from mutagenesis were being 
marketed in some 59 countries, mostly Asian. The most significant mutagenesis pro-
grams are implemented in China and India, but many other countries are also making 
use of these techniques. 
The most widespread mutagenic crops are: Soghat wheat (Pakistan), Zhefu rice 
(Thailand), Shwewartun rice (Myanmar) and Bajra pearl millet (India). In Vietnam, 
thanks to mutagenesis, three new rice varieties have been developed; since 1996, 
they have helped the incomes of small landowners to increase about 350 U.S.$/year, 
thanks to improved nutritional properties and an increased salt tolerance.

TiLLinG, eCo-TiLLinG
Tilling	is	a	reverse-genetic	system	(from	gene	to	phenotype)	that	allows	the	direct	
identification	of	point	mutations	in	charge	of	a	specific	gene,	thanks	to	various	mole-
cular	biology	techniques.	Tilling	is	also	very	efficient	in	the	identification	of	natural	
allelic	variation	in	a	gene	of	interest	(in	this	case	the	technique	is	called	eco-Tilling).

TILLING can be considered the new technologically-advanced version of conventional mu-
tagenesis. Specifically, it is a molecular biology technique that allows the direct identifica-
tion of mutations in a specific gene of interest through a methodology of semiautomatic 
and high-yield analysis of the DNA. 
Used primarily as a technology in the analysis and selection of mutagenic species, TILLING 
can also be used to analyze the variations in natural populations not subject to any process 
of induced mutation, in which case we speak of Eco-TILLING.

THE MosT wiDEsPrEaD inDuCED-
MuTaTion TECHnologY is 

MuTagEnEsis, wHiCH inVolVEs 
THE usE of MuTagEniC agEnTs 

suCH as CHEMiCals or raDiaTion 
To alTEr THE Dna
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one	of	the	most	recent	achievements	in	
the	application	of	biotechnology	in	agri-
culture	 is	 the	 development	 of	 the	 new	
variety	 of	 neriCa	 rice	 in	africa.	 deve-
loped	 in	 1990	 by	 a	 group	 of	 farmers/
researchers	 of	 the	 africa	 rice	 Cen-
ter	 in	 Bouaké,	 ivory	 Coast,	 this	 variety	
is	 the	 result	 of	 hybridization	 between	
O.glaberrima	 and	 O.sativa,	 two	 species
that	 are	not	 sufficiently	predisposed	 for
natural	crossbreeding.	in	fact,	their	cros-
sing	uses	advanced	techniques	of	tissue
culture,	creating	embryos	of	plants	that
are	able	to	survive	and	grow	to	maturity.
The	neriCa	variety	presents	some	cha-
racteristics	 that	make	 it	 particularly	 in-
teresting	in	the	african	context:	a	greater
number	of	grains	(75	to	100	grains	per
plant,	up	to	400	approximately),	a	higher
yield	(from	1T/ha	to	2.5	t/ha	up	to	6-7T/
ha	with	the	optimal	use	of	fertilizers),	2%
more	protein	than	the	parental	species,
a	 better	 resistance	 to	 pests	 and	 weeds

and	 increased	 tolerance	 to	drought	and	
infertile	soils.
if	rice	is	a	cash	crop	for	most	small-me-
dium	 farmers	 of	 southern	 and	eastern	
africa,	 it	 is	 a	 subsistence	 crop	 in	west	
africa,	 instead,	and	 in	this	area	neriCa	
rice	 has	 had	 a	 more	 significant	 impact,	
contributing	 to	 a	 50%	 increase	 in	 the		
yields	of	rice	crops	in	the	mountains.	ac-
cording	 to	 the	africa	rice	Center,	 today	
the	neriCa	variety	 can	be	 found	 in	30	
african	countries,	covering	a	total	area	
of	 about	 0.2	 mha,	 mostly	 in	 the	 ivory	
Coast,	guinea,	nigeria	 and	uganda.	as	
well	as	bringing	benefits	to	rural	econo-
mies,	 neriCa	 rice	 contributes	 to	 sup-
porting	national	 economies	with	 redu-
ced	liquidity	by	reducing	the	cost	of	food	
imports	 in	 hard	 currency.	 it	 has	 been	
estimated,	 for	example,	 that	 the	 intro-
duction	 of	 neriCa	 in	 guinea	 led	 to	 a	
savings	on	imports	of	about	13	million	
u.s.	dollars	in	2003.

neRiCa rice: the potential of a grain of rice
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culture of plant cells and tissues, creates clones from the plant itself, i.e., a set of individuals 
with the same genetic heritage.
Micropropagation differs from other plant propagation techniques because of its sophisti-
cation, which permits the reproduction of clones that are free of viral bacterial infections, 
and its ability to obtain an enormous amount of individuals from very little source material. 
The specificity of this aspect is particularly interesting for those countries where climatic 
conditions or pestilence make the growth and development process of a crop slow and 
difficult. Today, this technology is used in developing countries in many food crops such 
as bananas, cassava, potatoes and sweet potatoes, etc. The main countries that have micro-
propagation programs include: Argentina, Cuba, Gabon, India, Indonesia, Kenya, Nigeria, 
Philippines, South Africa, Uganda and Vietnam.
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one	 of	 the	 most	 common	 risks	 in	 the	
mass	propagation	of	clones	obtained	by	
micropropagation	 is	 the	 generation	 of	
anomalies	 during	 the	 process	 of	 tissue	
culture.	 in	 1980	 in	 malaysia,	 an	 entire	
commercial	 program	 of	 mass	 propaga-
tion	of	palm	plants	 for	oil	 that	descen-
ded	from	superior	lines	was	jeopardized	
when,	having	matured,	the	trees	proved	
to	 have	 a	 serious	 anomaly	 that	 com-
promised	 their	 fertility	 and,	 therefore,	
the	 development	 of	 flowers.	 This	 spe-
cific	 phenotype	 made	 it	 impossible	 for	
the	 generation	 of	 fruit	 needed	 for	 the	
production	of	oil,	 and	millions	of	plants	
cultivated	years	before	have	also	proven	
to	be	useless,	 causing	 significant	 losses	
to	the	entire	malaysian	agricultural	sec-
tor	and	throwing	 it	 into	a	critical	situa-
tion	of	stalemate.	in	the	specific	case	of	
palm	plants,	the	problem	was	also	com-
pounded	by	the	fact	that,	usually,	the	fruit	
takes	5	years	to	mature	on	the	plant	and	
this	 has	 contributed	 to	 lengthening	 the	
time	 for	 the	 diagnosis	 of	 abnormalities	
and	proportionally	increasing	the	main-
tenance	 costs	 of	 the	 plantations	 (which	
are	substantially	higher	 than	the	main-
tenance	costs	of	a	car!)	of	the	plantation.
following	 this	 episode,	 the	 techniques	

of	mass	propagation	of	palm	plants	for	
oil	have	gradually	 improved.	numerous	
public	 and	 private	 research	 programs	
have	 investigated	 the	 root	 causes	 of	
the	 phenotype	 responsible	 for	 the	 ab-
normalities	 during	 the	 process	 of	 tis-
sue	 culture,	 thereby	 permitting	 more	
precise	 and	 accurate	 techniques	 to	 be	
developed.	Thanks	 to	 specific	 knowled-
ge	of	 the	mechanisms	of	 tissue	culture	
and	possible	epigenetic	interactions,	the	
use	of	the	propagation	of	clones	 in	the	
cultivation	of	palm	oil	plants	has,	 thus,	
begun	once	more,	albeit	still	on	a	small	
scale.	unusual	flowering	still	occurs,	but,	
thanks	 to	 advances	 in	 technology,	 now	
it	 can	 often	 be	 identified	 and	 removed	
at	 an	early	 stage,	 resulting	 in	 a	higher	
percentage	of	success	in	the	production	
of	fertile	plants.
The	malaysian	 case	 illustrates	 some	 of	
the	problems	that	can	arise	from	tissue	
culture	when	the	manipulation	aimed	at	
the	regeneration	of	plants	causes	deve-
lopmental	abnormalities.	even	with	the-
se	limitations,	which	research	is	focusing	
on	 today,	 tissue	culture	and	mass	pro-
pagation	are,	nevertheless,	applications	
that	 are	 very	 important	 for	 developing	
countries.	

The micropropagation of oil palms: 
learning from mistakes

Ira Block/National Geographic Stock
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ted and redefined in light of changes occurring on the social, economic, environmental 
and technological levels. There is, therefore, no “one” definition of sustainability that 
remains unchanged in its constituent parts. In this sense, it should be stressed that each 
agricultural practice and any technology can be, in itself, a useful piece for composing the 
big picture of sustainability; every innovation is necessary if, and to the extent that, it helps 
to shape – either directly or indirectly – a scenario for the future sustainability of food and 
agriculture worldwide. Recognizing this principle, of course, does not mean giving up 
pinpointing, case by case, any doubts about the real possibility that some approaches and 
technologies can contribute significantly to overall sustainability, even and especially in 
more fragile agricultural contexts.18

One of the key issues relating to sustainability is the identification of techniques, practices 
and technologies to improve food security and the socio-economic stability of agricultural 
sectors in relation to the spreading – there are fears of this happening on an ever-larger 
scale – of plant diseases, insects and pests. The theme is certainly not new, the history of 
agriculture has always been characterized by a continuous struggle of man to protect his 
crops from attacks by nature itself. Chemical tools and agronomic practices have been iden-
tified over the centuries and are currently being used to cope with the many events of this 
type. However, one aspect of concern raised by experts in the world (and the FAO itself) 
is represented by the occurrence (and possible intensification) of far-reaching attacks by 
viruses, with serious effects on agriculture, as well as economic and social consequences 
in the affected areas (think of the case of the papaya in Hawaii). In the medium term, one 
of the areas of research that seems to achieve good results deals with the development of 
resistance to viruses through the use of MAS. Besides the ability to cope with the spread of 
viruses, what is interesting is the development of endogenous resistance to insect pests and 
pathogens, which is obtained by using traditional breeding techniques, assisted – where 
possible and appropriate – by molecular genetics.19 In this regard, an example is the use of 
MAS in a breeding program in India designed to generate bacterial resistance in a variety of 
local rice which is particularly at risk.20 Finally, progress has been made in the development 
of resistance to fungi: although, as noted by the FAO, it is hard to find solutions which are 
able to guarantee resistance that is of a broad spectrum and long-term. Fungi grow wild in 
the fields in new forms for which the types of resistance previously developed by the plants 
are ineffective. In general, the development of effective and durable resistance to bacterial 
and fungal pathogens involves the transfer of a significant number of genes; however, each 
agricultural context represents a case apart. In light of these considerations, the FAO thou-
ght it best to use non-transgenic technologies and approaches, based on the knowledge and 
experience that is currently available.
Similarly, experiments aimed at conferring resistance to forms of insects have not been able 
to guarantee long-term coverage against this risk, since they face critical issues similar to 
those identified for fungi and bacteria. Moreover, according to many experts, strategies for 
the improvement of plants that rely on the use of antibiotics against possible attack by insects 
constitute a possible threat to biodiversity, because they run the risk of influencing both the 
target organisms and the non-target organisms which are found simultaneously in the field.
Research and experimentation aimed at developing resistance to insects are those related 
to antixenosis, or rather, the development of plant characteristics that make them inho-
spitable to insects, producing effects that cause the insects themselves to avoid them.
Though complex, research in this field has been carried out successfully in recent years 
(on wheat, for example), thus foreshadowing possible future and positive developments 
(even if – at present – a practical application seems remote).
One of the areas where it is expected that research will focus its greatest efforts from 
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To answer the question “what innovations do we have and what innovations do
we need in agriculture?,” one must identify the needs, problems and challenges
that the global agricultural sector – as a whole and particularly in developing

countries – will face in the future.17

On the one hand, the issue of controlling crop diseases and pests – to ensure adequate 
yields, stability of production and food security – will continue to be central; on the other 
hand, what sharply emerges is the need to identify approaches and techniques that allow 
us to cope with the changes which are taking place (and are expected to increase) in re-
lation to two key factors: the availability of water and soil quality.
However, there is still a central issue in agricultural productivity: if it is true that, cur-
rently, the problems – as acknowledged by many experts – lie more in the distribution of 
global agricultural production than in its absolute size, it is also clear – and highlighted 
by such bodies as the FAO – that in some parts of the world, agricultural yields still con-
stitute a serious problem, reaching levels below those achieved in the past in developed 
countries, a fact which is attributable to different development paths. The issue of the 
optimization of agricultural techniques (even basic ones) aimed at improving yields is 
undoubtedly at the center of the debate on innovation in agriculture, especially when 
considering that part of the world – more than others – requires a significant process of 
improvement in the average living conditions.
Directly and indirectly linked to all the topics listed above, the quality of food seems to 
emerge as one of the main problems identified by all experts in relation to global food se-
curity. The issue is not easily stated, since the current situation presents one of the largest 
imbalances and – in some ways – the greatest concern in recent decades. Faced with a 
growing number of people with overweight conditions and obesity (especially in develo-
ped countries), there is the unsolved problem of entire populations that are undernouri-
shed and malnourished (especially in developing countries), with serious implications in 
terms of the lack of macro- and micro-nutrients which are essential for a healthy life and, 
often, even survival. This issue is central and is linked to all the other major challenges to 
which world agriculture will be called to respond. 
All innovations – whether technological, technical, processes or simply the rediscovery 
of mistakenly abandoned agricultural approaches – must henceforth be judged not only 
on whether or not they have achieved the purposes for which they are employed, but they 
must also demonstrate the extent to which they will be able to contribute to promote - 
directly and indirectly - the overall sustainability (environmental, economic and social) 
of the agri-food system in the coming decades. In this regard, it is also worth pointing out 
how long-term sustainability cannot help but be “dynamic,” that is, constantly reinterpre-

THE rolE of BioTECHnologY 
innoVaTion: wHaT CHallEngEs 
anD wHaT answErs?

2.3
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now on – also thanks to the support given by biotechnology – is the prevention and mo-
nitoring of the onset and spreading of new diseases and new species of insect pests, even 
more so today since the agricultural sector worldwide is increasingly globalized, creating 
a serious risk of contagion among geographic areas that are far from one another.21 
Through the use of modern biotechnology, molecular kits can and should be developed 
that enable teams of experts (and non-experts) a better, less expensive and more timely 
monitoring of the health status of crops in different parts of the world, including those 
in developing countries. In addition, biotechnology will be crucial in the rapid identifi-
cation of new pathogens (and their genomic sequences), facilitating the development of 
control and defense strategies.
Along with controlling diseases, insects and pests, one of the key issues in terms of in-
novation will be represented by the identification of effective and efficient responses to 
abiotic stresses that – in part due to the current and expected effects of climate change 
on agriculture – probably represent the greatest challenge to agricultural sustainability in 
the coming decades, especially in areas of the world such as Africa and the Middle East.
The combination of lack of water and gradual salinization of the soil is the main problem 
in terms of agricultural productivity and a leading cause of phenomena of famine in arid 
and semi-arid regions of the planet. Far from being a problem confined to arid regions 
and developing countries, the progressive deterioration in the average quality of the soil 
basically involves – in more or less serious ways – the entire agricultural sector worldwi-
de. The issue of the efficient use of scarce water resources concerns the whole world. 
Although abiotic stresses are often considered “exogenous factors” to agricultural pro-
ductivity, many experts believe there is ample room for research and experimentation 
in the improvement and genetic selection of the plants themselves in response to such 
stresses.22 In particular, the genetic diversity within the single families of plants (whe-
ther identified in the wild variants or in other genetic crops) may represent, also in the 
future, a source of “variability” useful in developing forms of tolerance to abiotic stresses. 
Modern biotechnology (in this case, especially the characterization and screening of the 
germplasm) has a central role in the development of this line of research. 
A field which is still largely unexplored, but which might see significant development in 
the years to come, is represented by research on the rhizosphere, i.e., the portion of soil 
immediately in contact with the roots of plants. Research on the flora itself in the rhizo-
sphere, on the possibility of creating strains with inocula particularly suited to specific 
soil conditions and, finally, their possible role in mitigating the impact of drought, sali-
nity and nutrient-poor soil appear to be – at least in perspective – of particular interest, 
especially in developing contexts characterized by semi-arid/arid conditions.
If, in general, biotechnology plays a supporting role in the development of plants which 
are better able to tolerate abiotic stress, transgenic approaches, however, do not appear to
have proven to be particularly interesting. 
On the one hand, knowledge of plant metabolism associated with the occurrence of abiotic 
stresses is still largely incomplete, thus limiting the possibilities of genetic manipulation. 
On the other hand, there is – always – the presence of significant synergistic effects of 
different stresses on the health and productivity of plants: often, the combination in the 
field of multiple abiotic stress represents the most critical one, making it difficult to isola-
te a single factor in the laboratory. In addition, tolerance to salt and drought seems to be 
represented, in both cases, by a complex multi-gene trait characterized by an evolution in 
several different plant families. In an open environment, this complexity renders inefficient 
the approaches that are based on genetic engineering – which today is often focused on one 
critical factor – and suggests the adoption of more multi-dimensional approaches.
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On the one hand, research for productivity improvements through the use of biotechno-
logy that is developing at the global level, is now also a reality in developing countries 
worldwide. On the other hand, genetic engineering has shown – especially in temperate 
climates, where it has had its greatest practical application – to be able to compete only 
in a way that is relative to the inherent increase in the yield under standard conditions.27

The FAO points out that, by analyzing the factors underlying the increase in yields of 
corn in the U.S. from the ’20s to the ’90s, an estimated 60% of the increase was attribu-
table to improvements in breeding and 40% to improvements in the management of all 
other factors (agricultural practices, effective use of inputs, mechanization, etc.). 
The research to improve crop yields, even and especially in developing countries, must 
be combined with the use of more advanced tools for breeding (MAS, TILLING etc.), 
assessment processes, improvement of farming techniques and crop management. In less 
developed contexts, improved agricultural practices must be accompanied by mechani-
zation, while in the more developed contexts, we should focus on improving breeding, so 
that the ongoing research can achieve better results than those conducted so far in the 
field of genetic engineering.
In general terms, on the one hand, the use of molecular markers seems to generate high 
expectations for the future; on the other hand, the combined focus on genotypes and 
their interaction with the environment and the attention to approaches for sustainable 
management will lead to a common challenge for developing and developed countries.
However, the issue of improving agricultural production cannot be confined to simple 
quantitative data. Improvement of agricultural production also means – and this is one of 
the main challenges that the agri-food sector is asked to respond to – improving the quali-
ty of food; to respond both to a Western world increasingly characterized by the diffusion 
of overweight conditions and obesity, and to a set of developing countries characterized 
– to varying degrees and intensities – by a widespread condition of malnutrition, or that
is to say, the lack of essential macro- and micro-nutrients.
Improvement of the nutritional quality of what is grown has always been sought: specific
varieties of different plants have historically been selected to obtain certain amounts of
macro- and micro-nutrients. Modern biotechnology has been viewed by some experts
and researchers as extremely useful and effective for obtaining similar improvements
over time and with significantly lower costs than those experienced in the past. Never-
theless, even though some of these experiments have been in progress for years – in part
through the use of transgenic techniques – no plant variant with these characteristics has
yet been marketed. Several experiments are being conducted (for example, regarding the
possibility of including omega-3 fatty acids within the plant for the production of vegeta-
ble oils28), but most of these attempts represent an effort in research and innovation that
will see – possibly – a practical application only in the medium to long term.
One of the most debated aspects, and the focus of public opinion, in terms of improving
the nutritional quality of crops regards the use of biotechnology to alleviate conditions
of severe malnutrition in those areas of the world where an integrated approach – aimed
at the diversification of the average diet – is not easily feasible (due to the very absence
of alternative foods).
Different techniques of biofortification have been used for attempting to increase le-
vels of some key nutrients within the crops found in some areas of the world which are
particularly at risk of malnutrition In recent years, several methods have been used for
attempting to increase the levels of some key nutrients (especially vitamins and mine-
rals) within the crops found in some areas of the world which are particularly at risk of
malnutrition: these are the so-called biofortification techniques.
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Some results in the development of tolerance to salinity and drought have been obtained 
in the laboratory, but it is not yet clear whether such research will be successful in the 
complex reality of “actual” farming systems.
In this regard, in 2004, Tim Flowers of the University of Sussex recalled that “after ten 
years of research using transgenic plants to alter salt tolerance, the value of this approach 
has yet to be established in the field;”23 a few years later, this statement remains valid.
Moreover, contrary to what is recorded with respect to the resistance to soil salinity, 
not many significant research efforts appear to have been carried out regarding drought 
resistance – until relatively recently – not even by public organizations.24 In the latter 
case, the research is strongly influenced by the extreme complexity of the multifactorial 
relationships underlying the resistance to drought: the FAO summarizes this complexity 
in the concept of “genotype * environment * management,” to highlight the need for an 
integrated approach to the problem.25

In the future, biotechnology (such as MAS) will make it possible to have a better un-
derstanding of the complexity associated with the resistance to drought and salinity of 
plants, of the interaction between different kinds of stress, and the coping mechanisms 
that are expressed in particular species or stages of development. In this sense, many ex-
perts have expressed their support to focus resources on non-transgenic breeding appro-
aches, rather than on research of the physiology and the molecular genetics of tolerance 
to abiotic stresses.
Non-transgenic breeding methods are available for understanding and improving the 
agronomic performance of plants which are already relatively tolerant to salinity and 
drought, found in more “extreme” environments as the manifestation of these stresses: 
in particular, MAS or tissue culture methods could be used effectively to introduce the 
traits of salinity and drought tolerance in different local varieties.
At the basis of research and innovations for improving plant resistance to the critical 
issues that the external environment can present (whether they are pathogens, the lack 
of water or the degradation of soil quality), there is the issue of agricultural productivity: 
innovative biotechnology applications are able to help – at least in part – with the impro-
vement in yields, even and especially in developing countries.
If two of the areas of greater innovation are identifiable in the manipulation of seed de-
velopment (higher yields through seeds that are larger and/or able to accumulate a larger 
amount of items deemed desirable, such as starch, for example) and in the manipulation 
of plant architecture (in order to reduce unproductive, inedible or noncommercial parts), 
a great deal of innovation in agriculture – especially in non-advanced contexts – should 
be made through the study and introduction of technical and agronomic practices (not 
necessarily new, probably adapted from the past) aimed at achieving the productivity 
gains which were never achieved in the past by many developing countries. 
As noted by Vernon Ruttan, “substantial gains in productivity are feasible [in many con-
texts] due to a strategy that emphasizes the use of traditional breeding combined with 
the use of better technology, with the improvement of soil quality, with an effective ma-
nagement of crops, and through the use of biotechnology for the first generation aimed 
at the protection of crops.”26

The best formula, as also observed by the FAO, seems to be a combination of breeding 
approaches based on modern biotechnology and agricultural management techniques 
borrowed from the experience gathered over the decades in the agricultural context in 
developed countries.
Research on productivity improvements through the use of biotechnology is developing 
at the global level.
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The most famous case of biofortification is the “Golden Rice Project,” which has been car-
ried out since the early nineties by a mixed public-private consortium. For a discussion 
of specific problems and opportunities of this project, please refer to the position paper 
Is GMO agriculture sustainable?, published by the BCFN in 2010. We limit ourselves here 
to mentioning that the experience has not yet led to a commercialization of the product 
and that some experts have pointed out a number of critical issues regarding the overall 
socioeconomic-agricultural impact of the project. The benefits, and any of its possible 
problems, have yet to be fully assessed in light of the actual introduction into different 
geographic areas.
Some experiments are under way in Africa. The HarvestPlus consortium has undertaken 
some breeding programs (based on the use of all available biotechnologies, including 
MAS), focusing on three key elements for nutrition: iron, zinc and vitamin A. 
A characteristic that is particular to this program is the focus dedicated to the analysis of 
the availability of essential micro-nutrients, even within the existing crops and the food 
actually consumed in the areas considered, in order to broaden the food base and help 
foster a gradual balance between agricultural/food habits and biofortification.
Also in Africa, “Vitamin A for Africa partnership” (VITAA) is pioneering the introduction 
of vitamin A in the sweet potato (which is widespread in the continent), through the use 
of conventional breeding techniques. For the future development of this crop, micropro-
pagation techniques are being evaluated (recognized by the FAO as a tool for success in 
the African context29).
In general, the ideal solution to these serious problems of malnutrition remains the 
creation of structured and systemic interventions to reduce poverty, educate, and tran-
sfer knowledge and basic agricultural techniques. A solution that is able to bring signi-
ficant benefits in the long run can only be based on a process of gradual diversification 
of the diet and the introduction, where necessary, of those crops that could support 
– from the inside – the process itself. However, in some cases of particular gravity, and 
in which there have been crucial problems in actually obtaining food that is different 
from what is normally consumed, the FAO also recognizes the merit in approaches that 
– alongside a systemic intervention – provide forms of biofortification in crops which 
are commonly used by local populations, in order to alleviate short-term situations of 
serious food insecurity. 
If biotic stress, abiotic stress, productivity and food quality are the four major macro-
issues that innovation in the use of biotechnology is being directed to, there is still the 
basic large cross-cutting issue of sustainable agriculture, which will play an important role 
mainly for the choices, the applications and the innovations that the agri-food world will 
put into act.
The answers to the great challenges cannot disregard the fact that the world is approa-
ching the limits both of the amount of land available for cultivation and the use of models 
of intensive cultivation, with their high use of inputs and high dependence on the use of 
fossil fuels.
There are two areas related to the role of biotechnology for sustainability that are par-
ticularly critical at the moment: on the one hand, the possibility emerges of replacing 
inorganic inputs with biological agents, with positive effects in terms of reducing the 
energy used for cultivation, the environmental impact and the management costs asso-
ciated with the use of large-scale chemistry; and on the other hand, there is an area of 
research and innovation that is emerging in recent years which is defined by the FAO as 
“agroecological system dynamics,” characterized by a fundamental change of approach 
to the concepts of adaptation, uncertainty, vulnerability and resilience in agriculture.30
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There is still the unresolved problem of how to balance the attention given to the 
sustainability of world agricultural production with the needs (old and new) of pro-
ductivity and the response from the agricultural world to the challenges posed by 
climate change.
Modern biotechnology seems to guarantee a set of instruments with good potential for 
their application, but which may not be the only aspect of “innovation” for responding 
to both problems and opportunities, present and future. It is, thus, necessary to identify 
– through the modern techniques at the forefront of agricultural biotechnology that will
surely develop further in the future31 – an integrated approach in which they play a cen-
tral role within a wider framework and in which innovation and adaptation of approaches
and agricultural techniques, crop management and dissemination of basic agricultural
skills which are found on a vast scale worldwide all converge.
Another big question remains open, regarding the future participants and future re-
sources of research and innovation in the agri-food sector. This will inevitably have im-
plications on the choices in terms of the destination of resources (human and financial),
areas of study and the more or less extended involvement of the actors in the local agri-
cultural sectors, especially in relation to less-developed geographical contexts.
Alongside the public-private relationship, there is the one between research and inno-
vation which has been created in advanced countries and developing countries. Throu-
gh which channels can a transfer and adaptation of technology be made that is both
a real development of approaches and technologies which directly address individual
local agricultural contexts? Is long-term sustainability of entire areas of the world pos-
sible without the on-site presence of the relevant institutions at the forefront of agri-
cultural research?
A study conducted in 2011 by the research institutes JRC-IHCP IPTS-European Com-
mission (New plant breeding techniques. State-of-the-art and prospects for commercial de-
velopment) showed that, on the basis of the information gathered, of the world’s top ten
institutions in the field of cutting-edge agricultural biotechnology research, four are
American, two are Dutch, two are German, one is British and one is Austrian.
According to the European Commission, the search for excellence in the latest biotech is
confined to the United States and Europe. The same study also identifies the ten leading
organizations worldwide in agricultural biotechnology patents: eight of these are private,
while only two are public. In all, seven organizations are American, two are Dutch and
one is English. The boundaries of the leaders in the field of biotechnology patents on in-
novation in agriculture are clear: they are included, essentially, within the private sector
in the United States and Europe.
Innovation in the field of agricultural biotechnology and its practical application will pro-
bably also pass through a rebalancing and an alliance between public and private (in this
regard, the PPP models can be further encouraged and developed), and through achie-
ving a balance between advanced countries and developing countries in the dissemina-
tion and financing of agricultural research, both public and private.
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we have already mentioned that the distinction between GMOs and other bio-
technology has significant implications, including the difficulty in finding 
adequate quantitative information about the diffusion of the latter, as oppo-

sed to the former.
This is a field of activity that would require prompt and thorough investigation and that, 
precisely because it is widespread, capillary and transversal, fails to attract the attention of 
the media and non-experts. Unlike GMOs, for which – thanks to mapping work conducted 
by ISAAA32 (International Service for the Acquisition of Agri-Biotech Applications) – the 
association of producers of transgenic seeds – the details of their diffusion are known.
Given the impossibility of producing a comprehensive picture of global facts and figures, 
and in light of the strong differences in key geographic areas in different countries, we 
felt it appropriate to submit some of its most dynamic components:33 Argentina, Brazil, 
China and India. A short focus will cover Europe, which apparently has not yet found a 
unified strategy for research on these issues, and the United States.

faCTs & figurEs2.4
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union looks wiTH 
grEaT inTErEsT aT 
BioTECHnologY in 
DiffErEnT sECTors 
of aCTiViTY

In this chapter, we present an in-depth study of the framework of the biotechnology 
sector in some geographic areas that – because of history, size or role in the overall geo-
political and economic scenario – play a role of leadership.
We have tried to understand, from the point of view of current realities, what the trajec-
tories and future prospects may be.

3.1.1 facts & figures

The European Union looks with great interest at biotechnology in different sectors of activity. 
This is demonstrated by the policies that encouraged a knowledge-based economy adopted in the 
last decade and – more generally – by a strategic plan that pays great attention to biotechnology. 
This interest, in fact, has been made evident both by the official documents (we will quote their 
most significant aspects) and the amount of investments made available by the Framework Pro-
grammes of the different DGs of the European Commission. In addition, the number of patent 
applications related to biotechnology presented at the EPO (European Patent Office) allows us 
to understand just how this reality is thriving in the different sectors of research.
At the same time, Europe decided – a decade ago, at this point – to refrain from making transge-
nic biotechnology (GMOs) one of the strategic drivers of its agriculture development, on the basis 
of the precautionary principle. Since 2000, the activities of field testing of GMO products have, 
in fact, dropped to 79 trials per year, against more than 200 in the years between 1995 and 1999.

agri-fooD BioTECHnologY
in THE EuroPEan union

3.1

usa

66.8

BraZil
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argenTina
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China
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figure	3.1.	Countries that cultivate more than 1 million hectares of land with biotech crops (millions 
of hectares)

source:	european	Commission	Joint	research	Center;	<http://gmoinfo.jrc.ec.europa.eu>David Doubilet/National Geographic Stock
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EuroPE sEEMs To look uPon 
gM CroPs wiTH grEaT 

CauTion, ProMoTing THE 
inTroDuCTion of non-gM 

BioTECHnologY TECHniquEs 
inTo THE agriCulTural sECTor

agri-fooD BioTECHnologY 
TECHniquEs arE rEgulaTED BY
THE rEgulaTorY fraMEwork 
ProViDED BY THE EuroPEan 
union in THE fiElD of 
BioTECHnologY

in 2007, THE EuroPEan 
CoMMission rEDEfinED THE 
Plan of aCTion nECEssarY 
To ProMoTE a CoMPETiTiVE, 
susTainaBlE anD 
knowlEDgE-BasED EuroPEan 
Bio-EConoMY

Moreover, the picture is even clearer if we look at the figures for the cultivation of transge-
nic products. In fact, analyzing the area under cultivation on a global scale, what is hi-
ghlighted is the absence of European countries among those that have cultivated more 
than 1 million hectares of GM crops in 2010. GMO production is now concentrated in 10 
countries, which have 96% of their land devoted to cultivating GM crops. 19 other countri-
es produce 4% of the total.
Among the latter, there are 8 European countries that used genetically modified seeds in 2010.
They are Germany, Poland, Portugal, the Czech Republic, Slovakia, Romania, Spain and 
Sweden, for a total of about 100,000 hectares, compared to the 148 million hectares culti-
vated in the world.1

To give a sense to the prudence of the European institutions on this delicate matter, it 
should be noted that approval has been formally given (as a non-food) to the Amflora potato 
only this year: the first approval granted in 13 years.2

EU institutions have extensive powers of legislation on GMOs and the entire legislation 
refers to regulations and directives of the European Union. Insofar as it relates to only one 
crop, there is a stalemate, since a large number of member states prefer not to admit it 
into their country. In any case, this is not discouraging biotech research, but only  – and in 
part – a reconsideration of GMOs.
With regard to other kinds of biotechnology used in agriculture, the picture is very sketchy. 
In the absence of a satisfactory monitoring process, the data available is not recent. The last  
effort sponsored by the European Commission to provide an overall organic framework of 
the biological techniques used in farming within the boundaries of the continent dates back 
to 2003.3

The study, though dated, is still significant. What emerges is the fact that molecular mar-
kers, although adopted in research in almost all sectors relating to agriculture, were used 
mainly in commercial crops, especially maize (corn) and vegetables. The European Com-
mission estimated at the time that a volume of between 2.2% and 6.6% of the total turnover 
of maize within the European Union was created by the application of molecular markers 
(0.01 -0.03% turnover of the agri-food sector).
The data on micropropagation was also very interesting, since this biotech technique has 
come to cover a range between 39 and 313 million euros of turnover, coinciding with 0.6 to 
5% of the total value of annual production in nurseries. 
More recent studies seem to confirm the registration of some progress made in the adop-
tion of this technology; The Analysis Report of 2007 – produced by the Commission with 
the support of the Institute for Prospective Technological Studies of Seville, entitled Con-
tributions of modern biotechnology to European policy objectives – counted 388 European 
companies which are active in biotechnology and the agri-food sector and estimated the 
share resulting from the use of biotechnology for the improvement of agricultural seed to 
be 2.1% of the total turnover of European agriculture.
However, this data is consistent and is the result of estimates: what can be deduced is that 
the industry is moving forward, although not comparable with the rates and progressions 
of the United States, China or India.
In summary, Europe seems to look upon GM crops with great caution, while simulta-
neously promoting a slow process of the introduction into the agricultural sector of 
non-GMO biotechnology (not subject to special regulations), in the belief – based on 
widespread public opinion in member countries – that not all the problems relating to 
genetic engineering (impact on health, environment, economy, society) have found an 
answer yet.

in noVEMBEr 2010, THE 
EuroPEan union founD iTsElf 
rEDEfining THE sTraTEgiEs 
anD PoliCY guiDElinEs wiTH 
wHiCH To guiDE fuTurE 
CHoiCEs in agriCulTurE 

3.1.2 Public policies and regulations

Agri-food biotechnology techniques are regulated by the regulatory framework provided by 
the European Union in the field of biotechnology, which led to the adoption of the initiative 
Life sciences and biotechnology - A strategy for Europe in 2002. This was a strategic line that was 
to be followed until 2010; it provided a roadmap consisting of a set of general guidelines and 
a program plan outlined in 30 points to promote its application. This strategy was designed 
to allow Europe to benefit from the positive potential of biotechnology, to ensure proper go-
vernance and to address Europe’s global responsibilities. The initiative considered the life 
sciences and biotechnology – as very promising advanced technology – to be important con-
tributions for achieving the goals set by the European Summit in Lisbon, in which the goal 
had been set to develop a cuttingedge, knowledge-based economy.
In 2007, in the mid-term review of the Strategy on life sciences and biotechnology 2002- 
2010, the European Commission redefined the Plan of Action necessary to promote a 
competitive, sustainable and knowledge-based European bio-economy. The focus concer-
ned innovation, research and market development and the debate of society on ethical 
issues in biotechnology.
Despite the overall positive orientation toward biotechnology, the European Union has 
always been very cautious about the adoption of transgenic crop varieties. With specific 
regard to GMOs, the recent regulatory context is, in fact, based on the precautionary prin-
ciple and is made up of the Directive 2001/18/EC, two Regulations (1829 and 1830/2003/
CE) governing the authorization and labeling/traceability of food and feed consisting of or 
derived from GMOs, and the Recommendation 556/2003 regarding the guidelines on the 
coexistence between GM crops and conventional crops. In this context, Member States are 
obliged to transpose the EU directives and comply with the Regulations, in order to obtain 
a common alignment.
With regard to the latter question, in March of 2011, an amendment to the Directive 2001/18/EC 
was approved in order to achieve the right balance between maintaining the European Union sy-
stem of permits – based on the scientific assessment of the environmental and health risks – and 
the need to ensure Member States the freedom to address the national, regional or local aspects 
specific to the cultivation of GMOs, in the maintenance of guarantees for all stakeholders.
The dialectic between the different actors and stakeholders is still ongoing and has been 
enriched over time by the contributions of a certain interest, including, for example, the 
white paper, The European Bioeconomy in 2030, in which attention is given to the possible 
role of biotechnology for an improved management of natural resources, to produce so-
lutions to promote environmental sustainability and for the mitigation of the effects of 
climate change.
The European Union’s legislative process is always consistent with the precautionary prin-
ciple, which remains the central notion of reference for the introduction of new transgenic 
plant varieties. This precautionary principle, in fact, provides the need for the proof of the 
absence of undesirable effects on human health and the environment by the producer of ge-
netically modified organisms.
The reasoning about the future development of biotechnology in the agri-food sector is now 
framed within the broader debate on the revision of the Common Agricultural Policy.
In November 2010, the European Union found itself redefining the strategies and policy gui-
delines with which to guide the future choices in agriculture.
In this context, the Commission’s document, The CAP in 2020: meeting the future challenges of 
food, natural resources and territory, provides an important key to understanding the present 
scenario, with particular reference to the recognition and identification of what are considered 

EigHT EuroPEan CounTriEs 
usED gEnETiCallY MoDifiED 

sEEDs in 2010

THE organiC fraMEwork of 
THE BiologiCal TECHniquEs 
usED in agriCulTurE wiTHin 

THE BorDErs of EuroPE DaTEs 
BaCk To 2003
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by Eurobarometro4 on life sciences and biotechnology reveals that Europeans are optimistic 
about the innovations in the field of life science and biotechnology. In this regard, in fact, the 
results of the polls seem to leave no doubt that 53% of respondents believe that biotechnology 
will be beneficial in the future, while only 20% think that its effects will be negative.

THErE is no PrEjuDiCial 
PrEClusion TowarD agri-

fooD BioTECHnologiEs, 
BuT raTHEr, sTrong 

CauTion anD aTTEnTion 
PaiD To THE fuTurE 

DEVEloPMEnT of gMos

the major challenges and key objectives for the agricultural sector at present and in the future.
In this regard, it is important to highlight how agriculture in the European Union is embed-
ded in a highly competitive, globalized environment, due both to the progressive integration 
of the world’s economy, the increasing liberalization of trade and the high degree of uncer-
tainty and volatility that characterizes agricultural markets. Because of these dynamics, it is 
necessary that the EU continue to contribute to meeting the increasing global demand for 
food: Europe’s agricultural sector, in fact, must maintain and increase its production capacity, 
thus strengthening the foundations also in the food sector, and enhance its strategic position 
covered in the global scenario. 
Two additional challenges facing European agriculture concern the areas of climate change 
and territorial balance. 
In this regard, it is important that the Common Agricultural Policy continue to honor its com-
mitment to reduce greenhouse gas emissions from agriculture, even though at the European 
level, they have already decreased by 20% since 1990, and that it not lose sight of the crucial 
role played by agriculture in vitalizing and strengthening the many rural areas that are still 
highly dependent on the primary sector. Finally, in drawing up an overview on the challenges 
which have an impact on future agricultural sustainability, the consideration of the scarcity 
of natural resources (water and, especially, soil) cannot be ignored, as it tends to increase 
gradually and to generate critical conditions, with particular reference to the challenge of 
meeting the increasing demand for food commodities.
Therefore, it is important to understand that the aspects related to the pioneering research on 
biotechnology are not the main focus of political debate on this issue. In other words, a picture 
emerges in which biotechnology techniques in agriculture are viewed favorably, provided, 
however, that they are considered as one of the elements of a more complex and articulated 
system, that cannot be put into question or unbalanced in any way.
Also, from the numerous interviews with various experts of agricultural policy within the EU, 
there has been an approach to the subject of biotechnology that differs from that prevailing 
in other parts of the world, where it is still seen as a possible means to increase agricultural 
yields. In contrast, in Europe the element that is indicated as a real added value is its possible 
future contribution to agricultural sustainability, with an evolution toward the efficient use of 
resources and the mitigation of the impact of climate change.
There is no prejudicial preclusion toward agri-food biotechnologies, but rather, strong caution 
and attention paid to the future development of GMOs.
In a nutshell, in Europe, the legal and cultural context is fairly well defined and is recognized 
transversely as appropriate by the great majority of Member States: there is no prejudicial 
preclusion toward agri-food biotechnologies, but rather, strong caution and attention paid to 
the future development of GMOs.
The main concerns arise, if anything, relating to the sustainability of the European Union’s 
position in an international context that is still in motion, where the moves of the major 
international players have not yet been fully defined. While the United States, Argentina 
and Brazil have firmly committed to the path of the transgenic, on the strength of a seed 
industry that occupies a leading position in the sector, other major producers such as China 
and India are still largely questioning their future choices.

3.1.3 Public opinion regarding agri-food biotechnology 

The choices made in Europe also depend on the weight of overall public opinion, that is against 
the adoption of biotechnology of a transgenic character in the food sector. The recent survey 

figure	3.3.	what effect will biotechnology and genetic engineering produce?
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However, if we look more specifically at the perception related to GMOs, the data expres-
sing strong opposition is probably linked (as discussed elsewhere5) to the failure to perceive 
a benefit in respect to a risk profile associated with their adoption. Europeans who are open 
to the prospect of a growing adoption of biotechnology, are opposed to the use of GMOs.

It is interesting to see how confidence in GM crops has progressively diminished over 
the years, to the point where 2010 was the first year in which the people in all European 
countries who favored the use of GM crops became a minority (<40%).

figure	3.4.	Degree of agreement/disagreement regarding gMo food products in 2005 and 2010
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source:	european	Commission,	Europeans and Biotechnology in 2005: Patterns and trends, eurobarometer,	July	2005.	

source:	european	Commission,	Europeans and Biotechnology in 2005: Patterns and trends, eurobarometer,	July	2005.	
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figure	3.5.	Trends in support for gM foods (excluding Dks)

1996 1999 2002 2005 2010

uniTED kingDoM 52 37 46 35 44

irElanD 57 45 57 43 37

PorTugal 63 47 56 56 37
sPain 66 58 61 53 35
DEnMark 33 33 35 31 32

nETHErlanDs 59 53 52 27 30 

norwaY 37 30 30

finlanD 65 57 56 38 30

BElgiuM 57 40 39 28 28

swEDEn 35 33 41 24 28

iTalY 51 42 35 42 24

ausTria 22 26 33 24 23

gErManY 47 42 40 22 22

swiTzErlanD 34 20

luXEMBourg 44 29 26 16 19

franCE 43 28 28 23 16

grEECE 49 21 26 14 10

CzECH rEP.    57 41

sloVakia    38 38

MalTa    51 32

HungarY 29 32

PolanD 28 30

EsTonia    25 28

sloVEnia    23 21

laTVia    19 14

liTHuania    42 11

CiPrus    19 10

iCElanD     39

roMania     16

Bulgaria     13

CroaTia     13

TurkEY     7	 	

% rEsPonDEnTs wHo agrEE or ToTallY agrEE THaT gM fooD sHoulD BE En-
CouragED

source:	european	Commission,	Europeans and Biotechnology in 2010, eurobarometer,	november	2010.	
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3.2.1 facts & figures

Among the countries that have contributed to the development of agro-food biotechno-
logy, the United States is the one that has made a more convinced and decisive choice 
aimed at structuring an advanced biotechnology sector in the field of agriculture. In par-
ticular, U.S. companies active in the biotech sector have focused on the production of 
transgenic organisms, thanks to an extraordinary wealth of scientific knowledge made 
available by a country-wide system and an agricultural sector that immediately proved 
to be very receptive to the new GM seeds. In North America, the process of marketing 
genetically modified corn, soybeans, cotton and potatoes had already begun in 1996.
In 2010, the United States was confirmed as the leader of the GMO industry, for both 
supply and demand. This sector, in a geographical context, is characterized by orders of 
magnitude significantly higher than those in other countries: the total area cultivated with 
biotech amounted to 66.8 million hectares in 2010,6	more than double that of Brazil, which 
ranks in second place. The United States mainly cultivated corn, soybean, cotton, rapeseed, 
sugar beet, papaya and squash. The increase of 2.8 million hectares of cultivated area re-
corded between 2009 and 2010 is the second most significant7 in the world, proving once 
again how this country is focusing on the development of transgenic biotechnology.
The penetration rates of these plant varieties are, however, so high8 and the extensive 
single-crop model so optimized that they make further increases in yield and produc-
tivity possible only through the joint development of multiple traits in a single variety 
(also providing an opportunity to increase royalties applied to the variety for the benefit 
of the company selling it) and thanks to new experiments in the plurality of the existing 
technological applications.
The high amount of investments in research related to agriculture is among the main factors 
responsible for the leadership of the country in this area. U.S. investments in R&D (research 
and development) in agriculture are, in fact, the highest in the world.9 In 2006, expenditure 
amounted to approximately $9.4 billion, with a clear predominance of the private sector, 
responsible for 49% of the investments,10 unlike the other countries analyzed here.
Among the research which is traditionally focused on the use and improvement of 
transgenic techniques, the appearance of new lines of research should be noted which, 
although difficult to quantify and not always clearly documented, will bring new solu-
tions to the agricultural challenges of the country in the future. This openness to new 
techniques is demonstrated by what emerged from a recent study conducted in 2011 by 
the research institutes JRC-IHCP IPTS of the European Commission.11 The survey shows, 
in fact, that the U.S. scientific community is one of the most active in the publication of 
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uPon CoMPlETion of THE 
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is ConsiDErED safE unTil 
iTs DangEr Has BEEn 

DEMonsTraTED

studies on new breeding techniques,12 with about 30% of the total publications produced 
between 1991 and 2010. It also appears that, among the top ten global institutions in the 
field of pioneering agricultural biotechnology research, four are American, including th-
ree which are public (University of California, Iowa State University, University of Michi-
gan) and one which is private (J.R. Simplot Company) and specializes exclusively in the 
investigation of transgenic techniques. The data concerning the registration of patents 
on new technology applications related to breeding also confirms what was mentioned 
before. With 65% of the patents filed between 1991 and 2009, the United States is the 
country that holds the largest wealth of knowledge on pioneering agri-food biotechno-
logy protected by intellectual property rights.
It is, therefore, clear that, on the international scene, the U.S. is the most important dri-
ver of development in the sector and the one that has most decisively and consistently 
chosen – since the late ‘80s – to assume leadership.

3.2.2 Public policies and regulations

It is commonly considered that the birth of commercial biotechnology dates back to the 
1980 ruling of the Supreme Court of the United States, which established (in reference to 
the case Diamond vs. Chackrabarty) that a genetically modified organism can be patented.
Ananda Mohan Chackrabarty, a researcher for General Electric, had developed a bacteria 
capable of “breaking down” and then “eating” oil, to be used in case of accidental leakage. 
The patent, which is required for the United States, was initially refused to him because 
the law stated that living things could not be patented.
It was a decisive decision for initiating the industrial exploitation of genetic engineering, 
which laid the foundation for the production of transgenic organisms. The path of patent 
protection, in fact, is essential, given the high costs associated with the development 
of new GMO varieties. What with the intervention of genetic engineering, marketing, 
research and development costs, protection of intellectual property rights, technology 
transfer and regulatory compliance, an estimated 100 to 200 million dollars are required.
Therefore, it was precisely the model created in the United States that would define the 
structure of the industry worldwide for decades to come: namely, that the high costs of 
research are accompanied by legal safeguards for the protection of the registered patent 
and the investments made.
In addition, in the United States there is another important aspect in reference to transge-
nic organisms, and that is the presence of a permit system that favors the rapid creation 
of a large domestic market. With regard to health risks, in the United States the concept 
of substantial equivalence prevails: upon completion of the analysis required for its ap-
proval, a product is considered safe until its danger has been demonstrated.13 In Europe, 
by contrast, the precautionary principle applies: a product should be considered dange-
rous until it has been proven that it is safe. Regarding products of such recent history, the 
difference of perspective can lead to very different results.
In fact, at this time in the U.S., the cultivation and marketing for 52 types of genetically mo-
dified products has been approved, intended both for human consumption and animal feed.
In this overview, we must not forget those critical issues – which are the subject of at-
tention and intervention proposals – relating to the occurrence of resistance (especially 
among wild plants), the result of the scale of adoption of transgenic technology, and the 
substantial deregulation of the trials, which has led to pollution of the supply chain, as in 
the case of LL Rice.14

Considering the activities of the scientific community, it is possible to observe a progres-
sive widening of field testing, in terms of finding concrete solutions, of all the biotechno-
logy techniques that can be used profitably in the agri-food sector, just as, in parallel, on 
the side of the regulation of competition, initiatives are being established to significantly 
influence the structure and future characteristics of the sector.
A considerable amount of controversy that has inflamed the public debate on GMOs is, in 
fact, linked to the level of concentration in the sector in which the so-called life science com-
panies operate, concerning precisely the United States and its companies. It is known that 
consultations are taking place that also involve the Department of Justice – the authority for 
compliance with antitrust regulations – on any actions to protect the proper functioning of 
markets, against the possible abuse of dominant positions. 
In short, as a system, the United States has favored an approach to biotechnology that is 
markedly orientated to modified organisms, thanks to:
- a vast wealth of available knowledge, resulting from scientific research in universities 

and research centers;
- the ability to create a regulatory framework for the introduction of GMOs that is more favo-

rable as compared to other contexts;
- the predisposition of a highly effective regulatory framework concerning the protection of 

property rights;
- the willingness of large companies already active in the seed sector and agrochemical sec-

tors to integrate their business models, making significant investments in biotechnology;
- the decision to favor the aggregation of companies in the sector up to very high levels of 

concentration;
- the strong political support of the administration, not only in terms of domestic policies, 

but also for international promotion;
- the high degree of acceptance of new products by farmers and public opinion.
Although there do not seem to be any signs so far of a rethinking of this approach, we are 
beginning to see the first signs of an extension (which is possibly physiological) of the 
analysis framework, by means of the correction of some excesses and the desire to exploit 
the potential of biotechnology in all its forms.
Despite the increasing convergence of public and private investments in non-GM agri-
food biotechnology techniques, the fact that they have less patent protection than the 
GMOs is putting the brakes on developments in this direction. An interesting exam-
ple in this regard is provided by Monsanto’s VISTIVE soybeans (with low linolenic 
acid to reduce trans fats), which was obtained by MAS, but whose trait was incorpo-
rated into the RR soybean varieties.

3.2.3 Public opinion regarding agri-food biotechnology

Considering the long history of biotechnology in the United States, the public perception 
of consumers has long been studied and monitored in the belief that it is a critical variable 
that can also significantly affect the return on investments made in agri-food research.
Recent studies show that the level of awareness reached by U.S. consumers with regard 
to food biotechnology and, more specifically, to genetically modified organisms, is among 
the highest of the countries producing biotech.15 It also highlights how the American 
public harbors far fewer concerns about GMOs than, say, Europeans.16 Two-thirds of 
the U.S. population, in fact, say that the benefits of GM foods outweigh the risks that are 
potentially associated with them.17
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However, wide public acceptance is threatened by a limited knowledge of the plurality 
of aspects and facets of the phenomenon of food biotechnology. On this basis, public 
opinion that does not have the help of a solid knowledge base is easily influenced and 
potentially risky for future developments in the sector. Looking at the results of studies 
conducted on the level of knowledge of biotechnology, it is evident that it has fluctuated 
greatly over time (1992-2003), reaching a peak in 2001 (53%), and then continuing to 
decrease over time with the appearance of new events on the public agenda.
This limited awareness is also reflected by the limited knowledge of just how much 
biotechnology is already part of the production chain. Only 14% of consumers believe, 
rightly, that more than half of the food they buy contains genetically modified ingre-
dients, and few Americans recognize that they have already been consuming them.
The absence of mandatory product/process labeling that informs consumers about the 
presence of GM ingredients in foods does not help in this matter. 

inVEsTMEnTs in rEsEarCH 
anD iTs growTH TrEnD 
MakE CHina a CEnTEr 
of EXCEllEnCE as wEll 
as a PoTEnTial fuTurE 
CoMPETiTor of 
THE uniTED sTaTEs

CHina now ranks siXTH 
aMong worlD PowErs THaT 
arE ProDuCing gM fooD 
BioTECHnologY, in TErMs 
of CulTiVaTED aCrEagE

MosT of THE r&D in fooD 
BioTECHnologY in CHina is 
CarriED ouT BY rEsEarCH 
insTiTuTEs anD PuBliC 
uniVErsiTiEs

in the wake of favorable public policy and thanks to a regulation that is still being 
developed, China now holds a leadership position in the field of food biotechnology. 
The significant amount of investments in research and the growth trend that has cha-

racterized its evolution in recent years, make this country a center of excellence in the 
development of some technological applications, as well as a potential future competitor 
of the United States.

3.3.1 facts & figures 

According to the ISAAA,18 China now ranks sixth among world powers producing 
GM food biotechnology, in terms of cultivated acreage (after the United States, Brazil, 
Argentina, India and Canada), with about 3.5 million hectares in 2010. Since 1997, the 
country has marketed six species of genetically modified plants (cotton, tomato, pepper, 
petunia, poplar and papaya), including insect-resistant Bt cotton, which represents the 
most widespread crop.19 Almost all of the remaining genetically modified crops approved 
for marketing are currently not being produced because of the non-renewal of their bio-
safety certificates, due to the absence of markets.20

Resistance to pests is the most sought after trait, and the others, related to improving the 
quality of food (relative to rice and wheat), have only recently been gaining importance 
due to the growing demand.
As a result of continued rapid population growth and the evermore urgent need for the 
government to ensure that the entire population has access to food,21 most of the R&D in 
food biotechnology in China is carried out by research institutes and public universities. 
Public investments in this country represent one of the most significant research efforts 
in the world22 and follow a trend of continuous growth, reaching a peak, in 2010, of 500 
million US dollars.23 These substantial investments in research are at the basis of much of 
the economic growth of China, which, in the field of agriculture, has adopted a complex 
strategy aimed at achieving self-sufficiency of some crops (cereals), in part thanks to the 
results obtained in biotechnology research, renouncing the agricultural production of 
those goods that are not considered strategic.
There are numerous programs to support R&D related to agricultural biotechnology.
Among those most recently launched, we wish to point out a special program for the 
development of new biotech varieties with an investment of 3.5 billion USD24	over 12 
years that the State Council approved in July, 2008. The Long and Mid-term National Deve-
lopment Plan for Science and Technology 2006-2020 focuses to a large extent on research in 
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CHina Has noT YET 
EXPorTED BioTECH sPECiEs; 
insTEaD, iT Has offiCiallY 
aPProVED fiVE for iMPorT: 
soYBEans, Corn, raPEsEED, 
CoTTon anD sugar BEET 

THE PriMaCY of CHina in 
BioTECHnologY in THE 
agri-fooD sECTor is also 
THE rEsulT of faVoraBlE 
PuBliC PoliCiEs, wHiCH, 
HowEVEr, laCk soliD anD 
sTruCTurED rEgulaTion

THE firsT rEgulaTion 
on BiosafETY, THE 
safETY aDMinisTraTion 
rEgulaTion on gEnETiC 
EnginEEring, was issuED 
BY THE MinisTrY of sCiEnCE 
anD TECHnologY in 1993

THE PoliCY DirECTions 
THaT THE CounTrY Has 
followED in rECEnT YEars 
arE ouTlinED in THE 11TH 
fiVE YEar Plan on THE 
DEVEloPMEnT of BioTECH 
inDusTrY (2007-2012)

agricultural plant species (rice, wheat, corn and cotton), with the aim of developing new 
varieties with traits of resistance to insects, diseases and external stresses.
The presence of private sectors in R&D on food biotechnology is limited and strictly 
regulated. While the research activities are mostly carried out by institutions funded by 
various levels of public administration, marketing, instead, is often left to private compa-
nies affiliated with these institutions. Foreign investments in research and development 
of plant (and animal) biotechnology are still prohibited. The only area in which they are 
allowed is the traditional production of hybrid seeds, provided that a portion (51%) of the 
shareholding is owned by Chinese.
If China has not yet exported biotech species, it has, instead, officially approved five for 
import, intended for animal feed or as input of transformation processes: soybeans, corn, 
rapeseed, cotton and sugar beet.
China also stands out for important research programs in tissue culture and mutagenesis.
Finally, among the different technological applications of transgenesis, China also stands 
out for important research programs in tissue culture and mutagenesis.25 More specifi-
cally, since 2003, in this country more than 2M have been cultivated with diploid spe-
cies,26 obtained from in vitro culture techniques, the most important of which are rice, 
wheat, tobacco and pepper.

3.3.2 Public policies and regulations

The primacy of China in biotechnology in the agri-food sector is also the result of favo-
rable public policies that over the years have stimulated developments even though solid 
and structured regulation is lacking. The Chinese government has long recognized that 
agrifood biotechnology plays a strategic role in the growth of the country.27 With the aim 
of fully exploiting the benefits of these technological applications and making China the 
leading country in their design and testing, promotional policies have been implemented 
that have stimulated the development, without, however, paying sufficient attention to 
biosafety, the environment and the consumers.28

However, the perception of the lack of adequate regulation in the development of bio-
technology in the agri-food sector characterized only the first few years of experimenta-
tion; instead, today, a monitoring system in transformation has been established which 
is intended to be as global and comprehensive as possible. Following the signing of the 
Convention on Biological Biodiversity (CBD) in 1992, the first biosafety regulation was 
adopted, Safety Administration and Regulation on Genetic Engineering, issued by the Mini-
stry of Science and Technology in 1993. Since then, the history of the regulation of food 
biotechnology in China has undergone a succession of legislative refinements, accompa-
nied by the formation of inter-governmental bodies appointed to ensure compliance and 
to monitor the safety of biotech products.29

The policy directions that the country has followed in recent years are outlined in the 
11th Five Year Plan30 on the Development of Biotech Industry (2007-2012)31 and in the relati-
ve guidelines adopted by the State Council, Policies to Promote Accelerated Development of 
the Biotech Industry. Among the strategic areas of intervention is agricultural biotechno-
logy (understood as chemical products for agriculture, animal feed, feed additives and 
fertilizers) and the key development actions that are desired include:
- transferring technology from public institutions to leading private businesses in the sector;
- increasing incentives for the investments of foreign companies in order to create infra-

structures for research or for the joint development of research programs;
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THE CHinEsE ConsuMErs  
arE aMong THE MosT 
ConfiDEnT in THE safETY 
of gMos, BuT knowlEDgE 
aBouT THEir TECHniCal 
aPPliCaTion 
is VErY liMiTED

THE Main aCTor in DEfining 
PoliCiEs anD rEgulaTion of 
THE sECTor is THE MinisTrY 

of agriCulTurE (Moa)

in 2009, THE Moa granTED 
CErTifiCaTEs of BiosafETY To 
Two VariETiEs of riCE wHiCH 

arE rEsisTanT To insECTs anD 
a VariETY of MaizE wiTH a HigH 

ConCEnTraTion of PHYTasE

- the increase in local public funding for the R&D of new transgenic crops;
- the designing of R&D programs that favor technological innovations applied to local crops;
- tax relief on expenditures on R&D for new biotech products (50%) and on revenues of the

companies (15%).
Despite the attempts at opening and reorganizing the sector, at the beginning of the new 
period of programming (2011), biotechnology remains a key area with recognized poten-
tial, but which is still is distinguished by its closure toward what is on the outside. So far, 
in fact, China does not really have any variety of marketed biotechnology for its internal 
market (with the exception of Bt cotton, as mentioned above), it does not export any bio-
tech crop nor can any private company be characterized as an actor in the sector, since all 
the R&D is conducted in public labs. Confirming the evidence of the importance of food 
biotechnology on China’s policy agenda is the fact that, in the next five years, the country 
has planned to launch the Agri-Science Technology Introduction Program,32 a program to 
encourage technological development in sectors such as biological resources for agricul-
ture, the transformation of industrial processes and new techniques and methodologies 
of R&D applied to agriculture. Through a combination of technological development and 
innovation, this program aims, on the one hand, to consolidate the leadership position of 
China in the field of plant genomics, transgenesis, and technological innovation applied 
to rice; to promote the progress of the seed industry in the sectors of plant genomics, 
transgenesis, and technological innovation applied to rice; and also to promote progress 
in the seed industry, in reduced carbon emissions in agriculture and in biofuels.
The main actor in defining the policies and regulation of the sector is the Ministry of 
Agriculture (MOA), which is responsible, in particular, for the approval of biotech crops 
for internal use and import, as well as the management and allocation of public funds, 
governing the institutes and universities in China for R&D.
In 2009, the MOA granted certificates of biosafety to two varieties of rice which are resi-
stant to insects and a variety of maize with a high concentration of phytase.
The current planning of the biotechnology applied to the agri-food sector is determined 
primarily by the State Council regulations, Food and Agricultural Import Regulations and 
Standard and Agricultural Genetically Modified Organisms Safety Administration Regulations 
2001.33 However, the framework for this sector is evolving. The Chinese government has, 
in fact, initiated a process of revision and updating of this sector in order to increase the 
level of controls and more effectively communicate the security benefits and impacts 
associated with the latest technological innovations. Among the changes to report, in 
2009, the MOA granted biosafety certificates for two varieties of which are rice resistant 
to insects and a variety of maize with a high concentration of phytase. It is the first time 
that this type of certification was affixed to primary crops for the country. In addition 
to receiving the certification, the products must also complete the registration process 
before they can be officially sold (a process that can last 2-3 years).
Currently, the regulatory infrastructure of agri-food biotechnology in China is an evol-
ving reality that still has internal contradictions which will be resolved as soon as pos-
sible, in order to maintain the growth rates of recent years. Among these obstacles, de-
serving special attention are: the process of approval which requires that a productmust 
first have completed the approval process in the country of origin before being subjected 
to evaluation in China; inadequate protection and enhancement of intellectual property 
rights as well as the absence of a specific policy on multiple traits could lead in the long 
term to impeding innovation.

3.3.3 Public opinion regarding agri-food biotechnology 

Although some previous studies and surveys34 could give the impression that Chinese 
consumers were favorable overall to the use of products that are the result of biotech mo-
difications, it should be noted that the positions seem to be more heterogeneous today.
Following the liberalization of Bt rice and corn with the phytase enzyme in 2009, a 
lively debate has begun on the safety of foods derived from biotechnology products, 
communication of the risks involved and the deregulation process. The information 
provided by some Chinese media and some non-governmental organizations has gai-
ned a large following among the public, which is now beginning to develop different 
and articulated opinions.
One of the most recent surveys, conducted by the Asian Food Information Centre 
(AFIC),35 shows that, although Chinese consumers are among the most confident36 in 
the safety of genetically modified foods, the level of knowledge about the applications of 
this technology and products derived from them is still very low, and only 45% of China’s 
population is aware that GMO products can be purchased in grocery stores. Despite this 
limited knowledge, and despite a reduced awareness of issues related to the sustainability 
of crops,37 Chinese consumers are also among the most positive (55%) regarding the be-
nefits that might result from the use of biotechnology in the coming years and, specifical-
ly, they emphasize the possibility of obtaining a better quality of food and higher  yields.
Therefore, it appears necessary that an effort be made regarding institutional and scien-
tific communication, so that public opinion, which is beginning to develop different and 
sometimes conflicting positions, can be aware of all the information relating to the sector.
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THE fiElD of 
BioTECHnologY in THE 
agri-fooD sECTor of inDia 
rEPrEsEnTs onE of THE 
PaTHs for EnCouraging 
THE DEVEloPMEnT of THE 
naTion

inDia is THE fourTH largEsT 
ProDuCEr of gM fooD 
ProDuCTs, BuT BT CoTTon 
is THE onlY BioTECH CroP 
aPProVED for TraDE so far

THanks To THE CulTiVaTion of 
BT CoTTon, inDia Has BECoME 
THE sEConD largEsT ProDuCEr 
anD EXPorTEr of CoTTon in 
THE worlD

THE CulTiVaTion of BT CoTTon, 
wHiCH was offiCiallY aPProVED 
in 2002, Has BEEn THE DriVEr 
for THE DEVEloPMEnT of THE 
BioTECHnologY sECTor

The field of biotechnology in the agri-food sector of India represents one of the 
paths identified by the government to encourage the development of the nation. 
The presence of highly qualified human resources, a fair and transparent fra-

mework for the protection of intellectual property rights, infrastructures for advanced 
research and increased investments by the public and private sectors are some of the 
factors that have prompted this choice. However, following the introduction of Bt cotton 
on the market, there have been numerous disputes38 and protests within the country, a 
sign that some decisions are difficult to accept and that this industry needs even more 
transparent information.

3.4.1 facts & figures

India is the fourth largest producer of GMO food products (after the U.S., Brazil and Argen-
tina)39 but Bt cotton is the only biotech crop approved for trade so far.40 Since 2002, the 
year this variety of cotton was introduced on the market, the Indian government has appro-
ved about six events and 300 hybrids for cultivation in different climate zones.41	Most of the 
hybrids come from two events previously approved in the U.S. by the Monsanto company, 
while only one event has been recently developed and approved locally (Event 9124), thus 
stemming the imbalance toward the big multinational players in the market.
The case of Bt cotton42 is cited by some studies as a successful event for India, because for 
the ninth consecutive year there has been continuous growth of the areas cultivated with 
this variety, affecting, with reference to 2010 data, an area of 9.4 million hectares,43 86% 
of the total area devoted to cotton: India has thus become the second largest producer and 
exporter of cotton in the world. 6.3 million farmers are engaged in this type of cultivation 
and, for the most part, they are small farmers with a reduced availability of resources.
However, closer analysis of these figures shows that it is a more complex phenomenon of 
difficult interpretation, and it has given rise to a lively scientific debate. It seems appro-
priate, in fact, to remember that, despite the progressive increase in acreage, the yield has 
significantly declined over the past three years.44 This phenomenon was explained by the 
conjunction of unfavorable climatic conditions and the use of impure seed varieties resul-
ting from the illegal and uncontrolled trading of cotton seeds in some regions of India.
It can be said, therefore, that the cultivation of Bt cotton, which was officially approved 
in 2002, has been the driver for the development of the biotechnology sector.45 Today, 
this represents approximately 14% of the most globalized industry of biotechnology (and 
the third after bio-pharmaceuticals and bio-services), with revenues of $310 million 
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agriCulTurE sTill PlaYs a kEY 
rolE in THE inDian EConoMY 
ToDaY anD is noT onlY THE Main 
sourCE of liVEliHooD, BuT also 
THE Main ConTEXT in wHiCH 
DailY soCial lifE TakEs PlaCE

ToDaY, inDia ranks fourTH 
for PuBliC inVEsTMEnTs in 
agriCulTural r&D, afTEr THE 
uniTED sTaTEs, jaPan anD 
CHina 

in 1982, THE goVErnMEnT 
of inDia EsTaBlisHED THE 
naTional BioTECHnologY 
BoarD, wHiCH laTEr BECaME 
an offiCial goVErnMEnTal 
DEParTMEnT

THE EnVironMEnTal 
ProTECTion aCT EsTaBlisHED 
THE rulEs for THE rEsEarCH, 
DEVEloPMEnT, largE-
sCalE usE anD iMPorTaTion 
of gEnETiCallY MoDifiED 
organisMs

THE PrEsEnCE of PriVaTE 
EnTErPrisEs in THE 

DEVEloPMEnT anD MarkETing 
of agriCulTural anD fooD 

BioTECHnologY in inDia 
Has BEEn ConsoliDaTing 

oVEr TiME, THanks 
To a sTruCTurED anD 

TransParEnT rEgulaTion 
of THE sECTor 

THE inDian goVErnMEnT 
is ProMoTing THis loCal 

EXCEllEnCE wiTH THE 
rECEnT CrEaTion of 

THE MiCroProPagaTion 
TECHnologY Parks

riCE Has aCHiEVED THE 
MosT signifiCanT rEsulTs 

in rEsEarCH on fooD 
BioTECHnologY During 
THE lasT PrograMMED 

PErioD (2002-2007)

(equivalent to 19.4 billion Rs) in 2009 and a 37% increase over the previous year, showing 
a significantly better performance compared to other sectors of biotechnology. Revenues 
from exports (581 million Rs) are still low compared to the size of the internal market, 
though it, too, is growing,46 and relate mainly to cotton and cotton seeds. With regard to 
imports, however, the only food product currently approved is soybean oil derived from 
the Round-up Ready species.47

The presence of private enterprises in the development and marketing of agricultural 
and food biotechnology in India has been consolidating over time, thanks to a structured 
and transparent regulation of the sector. In 1995, the first attempt was made by the Ma-
harashtra Hybrid Seed Company (MAHYCO) to obtain approval for the importation of 
Bt cotton seeds from the U.S. multinational Monsanto and then to cross them with local 
species and develop hybrids resistant to biotic stresses. Currently, more than ten large 
private companies are actively involved in R&D in the field of food biotechnology and can 
be divided into three categories:
- the large integrated seed firms that develop the transgenic varieties internally;48

- the small/medium businesses that employ alternative techniques, such as tissue culture, for 
the development of new species;49

- the highly specialized technology companies that offer services in the area of specific rese-
arch projects in American and European laboratories or companies.

The agri-food biotechnology field is very dense and concentrated, to the point that the 
three major companies in the sector (Rasi Seeds, and Mahyco Seeds Nuziveedu) are re-
sponsible for more than 72% of total revenues.
In addition to cotton, private seed companies and public research institutes are now wor-
king on the development of new biotech crops, mainly focusing on traits of resistance to 
pests, nutritional improvement, drought tolerance and increased yields.50

Among the most widespread technological applications differing from conventional 
transgenesis and genetic engineering, to be highlighted are tissue culture and micropro-
pagation, exploitation of heterosis and the development of new hybrids and plants with 
desirable traits.51 The successful results achieved in using these technologies have led 
the Indian government to promote this local excellence with the recent creation of the 
Micropropagation Technology Parks, platforms for technology transfer between compa-
nies, laboratories and research centers which facilitate the consolidation of specializa-
tion know-how, thanks to which they intend to speed up market entry and the spreading 
of new techniques for mass propagation of horticultural crops and trees. Within these 
platforms, important results have been obtained on the vanilla and cardamom plants. In 
particular, regarding the latter, it was possible to increase the yield by 40% with the use 
of tissue culture techniques.52

Among the achievements in research on food biotechnology during the last program-
med period (2002-2007), the most significant are those for rice, a key-food for the food 
security of the country; specifically, to be remembered are: the decoding of genomic 
information of chromosome No. 11 and the development of traits of resistance to salinity 
and drought.
Others are: molecular markers for quality traits of wheat, a transgenic virus-resistant 
tomato and high-performance GM mustard.53

In conclusion, it should be emphasized that, in addition to technological applications 
for the development of improved varieties of plants and crops, India is experiencing a 
growing interest among public and private organizations in the development of products 
such as biodiesel, bio-pesticides and biofertilizers.54

3.4.2 Public policies and regulations

Agriculture still plays a key role in the Indian economy today. Despite the gradual re-
duction of the weight percentage of the GDP, in fact, it directly or indirectly involves 
approximately 70% of the population55 and is not only the main source of livelihood, 
but also the main context in which daily social life takes place.
For years, R&D in agriculture has been an important area for public intervention and 
investment trends demonstrate that it is a growing field.56

Today India ranks fourth for public investments in agricultural R&D, after the United 
States, Japan and China.57 The main actors in this type of research are ICAR (Indian 
Council of Agricultural Research) and the State Universities of Agriculture (SAU). In 
2005, the total expenditure on research amounted to about $1.4 billion of international 
purchasing power and of this sum, 43% was carried by ICAR and 50% by universities.
The progressive reduction of arable land, excessive use of fertilizers and chemicals and 
high levels of malnutrition of the population58 have led to a growing interest in modern 
biotechnology as a privileged field of agricultural research and as a possible answer to 
the country’s main problems.
Recognizing the potential of biotechnology, in 1982 the Government of India establi-
shed the National Biotechnology Board, which later became an official governmental 
department (Department of Biotechnology, DBT) within the Ministry of Science and 
Technology, as well as the leading agency responsible for supporting R&D in agricul-
tural biotechnology and the creation of adequate infrastructures. Since 1990, the DBT 
has funded the construction of 7 Centers for Molecular Biology of Plants for the deve-
lopment of research and the training of qualified personnel in the field.59	Today, there 
are about 50 public research institutions that use and develop biotechnological appli-
cations in plants; it is estimated that the government invests an average of 15 million 
US dollars a year in the sector60 and the trend of investments is growing. Despite a 
significant presence in the private sector, most R&D still remains concentrated in the 
public institutions funded by the government and in the universities. In addition, the 
National Centre for Plant Genome Research (NCPGR) was established in New Delhi to 
further the consolidation of research activities in this area.
The Environmental Protection Act (EPA)61 of 1986 laid the foundations of the regulato-
ry framework for biotechnology in India and established the rules for the research, de-
velopment, large-scale use and importation of genetically modified organisms, as well 
as the breakdown of responsibilities of institutional actors (Ministry of Environment, 
Ministry of Agriculture, Ministry of Science and Technology, Ministry of Health, etc.). 
Over the years, more detailed guidelines to regulate the specific needs arising from the 
evolution of technology have also been added62 and several bodies/committees for the 
control of various aspects of the phenomenon have been created.
In a regulatory environment populated by numerous laws and different actors, the ef-
forts of the Government of India today are, therefore, mainly directed toward the ratio-
nalization and optimization of the overall system. Among recent developments worthy 
of attention is the National Strategies on Biotechnology,63 presented in 2007 by the 
Ministry of Science and Technology. One of its main points is the establishment of the 
National Regulatory Authority on Biotechnology (NBRA), which will be the sole interface 
for the authorization and control of biotechnology products and will cancel the divi-
sion of powers designed by the EPA.
The Food Safety and Standards Act of 2006 was created with the same goal of simplifi-
cation; with it, the government has united all applicable laws and existing regulations 

THE goVErnMEnT Has 
uniTED all aPPliCaBlE 
laws anD EXisTing 
rEgulaTions wiTH rEgarD 
To fooDsTuffs unDEr a 
singlE auTHoriTY, THE fooD 
safETY anD sTanDarDs 
auTHoriTY of inDia
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THE MinisTrY of sCiEnCE anD 
TECHnologY Has DECiDED 

To CrEaTE PlaTforMs THaT 
EnCouragE inDusTrial 

CooPEraTion anD THE MEETing 
of PuBliC anD PriVaTE sECTors

inDia DoEs noT rEgulaTE 
THE PriCEs of sEEDs anD 
DoEs noT iMPosE Tariffs 

on TECHnologY

inDian farMErs arE 
gEnErallY unawarE of 
THE PrEsEnT lEVEl of 

DEVEloPMEnT anD Diffusion 
of BioTECHnologY in THE 

agro-fooD sECTor.

with regard to foodstuffs under a single authority, the Food Safety and Standards Au-
thority of India (FSSAI), which is responsible for establishing the scientific standards 
for food and for the alignment of existing standards with international ones.64

It, therefore, confirms the central role given to agriculture and research to improve its 
performance. In the 11th Five Year Plan (2007-2012), among the many strategic areas, 
those identified as priorities for agri-food biotechnology are:
- the genomics of rice, with particular attention given to the study of genetic variation

linked to increases in yields;
- the molecular maps of rice, wheat and the main legumes;
- the improvement of the nutritional properties of the main crops.
To meet the new challenges of agriculture and develop successful R&D in biotechno-
logy projects that are becoming increasingly complex and expensive, the Ministry of
Science and Technology has finally decided to create platforms that encourage indu-
strial cooperation and the meeting of public and private sectors regarding these issues.
Among these, Agricultural Biotechnology65 is the first that will be formally constituted
and on which resources and the first projects are being catalyzed right now.
Currently, India does not regulate the prices of seeds and does not impose tariffs on
technology. This means that seed companies, as a provider of technology, can set their
own tariffs. This aspect has created a number of disputes and grievances over time on
the part of states which complained of situations of effective monopoly.66 While the
situation has not yet been formally addressed by a legislative measure, the business
community has the growing fear that government interference in pricing could be a
deterrent to investments in new technologies.

3.4.3 Public opinion regarding agri-food biotechnology

With the exception of the case of Bt cotton, Indian farmers are generally unaware of 
the development and diffusion of biotechnology in the agri-food sector. According to a 
recent study by the Asian Food Information Center,67 only 32% of the population is, in 
fact, aware that biotech products can be purchased in grocery stores. There is a wide-
spread confidence68 toward foods derived from biotechnology and a positive attitude69 
toward the benefits that these techniques can bring in the coming years. Among the 
main benefits highlighted is the potential improvement of the quality of food, followed 
by the availability of healthier foods which are able to solve the serious problem of 
malnutrition that afflicts the country. As in other Asian countries, in India the concept 
of sustainability in the food production chain is only now becoming more widespread 
and less than 10% of the population claims to be aware of it. However, Indian farmers 
are rapidly reaching an indirect awareness of these issues, thanks to the increasingly 
frequent relations they have with foreign firms and their agricultural models oriented 
to exportation and profit.
If, on the whole, the public and the scientific community can be considered favorable to 
the use and further development of biotechnology in the agri-food sector, there are still 
some reservations relating, instead, to the interests of multinational companies that, in 
growing number, have chosen India as their area of choice. Starting in 1991, when the In-
dian government began its process of economic liberalization, there have been numerous 
expressions of disappointment and concern on the part of Indian farmers concerning the 
ever-growing presence of these actors, who have introduced hybrid seeds at higher prices 
and with an annual turnover.70 Indian farmers are, however, traditionally accustomed to 

using seed varieties developed by public research institutes, which are, thus, available at 
lower prices and which can be reused year after year. Emblematic in this regard is the 
position of Vandana Shiva,71 one of the main leaders of thought in India, who in recent 
years has increasingly contributed to public debate by proposing the topic of the future of 
food. Among the key elements of her studies, is precisely the role of multinational seed 
companies which, with the crops proposed to farmers, would trigger a dependency on 
transgenic seeds, chemical fertilizers and toxic pesticides, with high costs for farmers. 
The new hybrid crops would tend, in fact, to be more susceptible to pest attacks. The 
expensive seeds would not adapt to local conditions and, therefore, would require more 
investments in chemicals and irrigation. In this way, the farmers would become impove-
rished to the advantage of the seed companies because, in the long term, the greater reve-
nues would not cover the additional expense. This would have led to suicide for hundreds 
of Indian farmers, overwhelmed by debts.72

© Corbis
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rEsEarCH aCTiViTiEs in 
agriCulTurE arE MainlY 
CarriED ouT BY naTional 
rEsEarCH insTiTuTEs, 
uniVErsiTiEs anD soME 
loCal BusinEssEs.

THE rEsEarCH aCTiViTiEs 
on BioTECHnologY 
TECHniquEs arE quiTE 
VariED anD arE aPPliED 
To ManY CroPs, inCluDing 
garliC, onion, PoTaTo, 
sunflowEr, Corn, wHEaT, 
sTrawBErrY, ToMaTo, rYE, 
CiTrus anD BluEBErrY

argEnTina is sTuDYing 
How oTHEr agri-fooD 

aPPliCaTions Can 
ConTriBuTE PosiTiVElY To

susTainaBlE growTH in 
THE agriCulTural sECTor

afTEr 12 YEars of PriMaCY, 
sEConD onlY To THE u.s., 

argEnTina is now THE THirD 
worlD PowEr, surPassED 

also BY Brazil, in THE 
ProDuCTion of gEnETiCallY 

MoDifiED organisMs

argEnTina PlaCEs 
EigHTH PlaCE in THE 

ranking of CounTriEs 
for THE nuMBEr of 

CoMPaniEs THaT inVEsT 
in BioTECHnologY

The recent loss of its competitive advantage with respect to countries produ-
cing biotech and the growing concerns of companies which complain about 
the excessive slowness of authorization procedures and controls, have led Ar-

gentina, one of the leading countries in the world for biotech food, to begin a process 
of reflection to investigate how other technological applications, less restrictive with 
respect to the sedimented regulations, can contribute positively to sustainable growth 
in the agricultural sector. In this transitional phase, the evidence is still limited, though 
the potential for development seems high, if only the country is able to seize upon it.

3.5.1 facts & figures

After 12 years of primacy, second only to the U.S., Argentina is now the third world power, 
surpassed also by Brazil, in the production of genetically modified organisms73 in terms of 
cultivated area, amounting to 22.9 million hectares in 2010. There are 17 varieties of crops 
approved for trade: one is for soybeans, thirteen for corn and the remaining three for cot-
ton. Penetration rates are high, making this country the one with the highest percentage of 
arable land planted with biotech crops. Almost all of the area used for soybeans is, in fact, 
devoted to biotech,74 as is 97% of that allocated to cotton and 83% of the area for corn.
Argentina places eighth in the ranking of countries as to the number of companies inve-
sting in biotechnology.
Argentina places eighth in the ranking of countries as to the number of companies inve-
sting in biotechnology.75 There are more than 80 companies, covering all sectors of the 
industry, generating a total turnover of about U.S. $400 million, and employing 5,000 
workers.76 The agri-food sector77 is in many ways the most important: it comprises 65% 
of the companies, representing 64% of total revenues, employs 55% of the workforce and 
is responsible for almost 45% of export revenues.78 Differing from other countries where 
the entry of multinationals has progressively inhibited the development of local business 
actors, Argentina has come to create a positive co-existence over time between foreign 
and local firms,79 also thanks to a model for the protection of intellectual property rights 
that is different from North America’s. The major international companies in the country 
include: Bayer Crop Science, Dow AgroScience, Nidera, Monsanto and Pioneer, whereas 
the national ones include: Bioceres, BioSidus and Indear.
The large multinational companies are those that traditionally develop new GMO varie-
ties and then later introduce them into the country for their adaptation to specific envi-
ronmental conditions. Instead, local businesses, with just a few exceptions, focus their 

agri-fooD BioTECHnologY
in argEnTina

3.5 research projects on the use of techniques that are not related to the use of recombinant 
DNA and on which the Argentine government has now focused attention, considering it 
to be very solid and fertile ground for new development of the local businesses.
In Argentina, the research activities in agriculture are mainly carried out by national 
research institutes, universities and some local businesses.80 There are 74 public agen-
cies81 working in the sector that altogether employ about 3,940 FTE researchers,82 having 
generated in 2005 an expenditure of $448 million at constant prices and international 
purchasing power parity. The National Institute of Agricultural Technology (INTA) is the 
main player in agricultural R&D. It occupies about half of the workforce in the sector and 
carries nearly 60% of the total expenditure.83 Organized into 15 regional centers that 
work closely with local producers and orient the research to local needs, the INTA is a 
decentralized public organization with operational and financial autonomy that reports 
to the Secretariat of Agriculture, Livestock and Fisheries of the Ministry of Economy and 
Industry. After the significant slowdown of the economic crisis of 1999-2002, and thanks 
to increased investments of the INTA, the country has now more than doubled the levels 
of spending in agricultural R&D and qualifies, for this specific area, as the third system in 
Latin America, after Brazil and Mexico.
In the specific sector of agri-food biotechnology, there are approximately 2884 active 
institutions,85 including public centers and private foundations. The presence of local 
excellence, combined with the growing interest of companies toward these issues and 
the adoption of increasingly competitive incentive schemes, has also gradually led to the 
emergence of many initiatives for cooperation between the public and private sectors. In 
this regard, one model which is recently emerging and being consolidated, is “technology 
hubs,” or rather, platforms specialized in R&D related to areas of priority for the territory, 
in which public and private sectors work together not only in the development of joint 
projects, but also in the actual implementation of the infrastructures, the creation of a 
skilled workforce and consolidation of the industrial chain connected to it. Testifying to 
the importance given to the issue of food biotechnology is the fact one of these hubs is 
the Rosario Biotechnological Hub, in the Province of Santa Fe. Made up of several institu-
tions specializing primarily in plant biotechnology, this hub is the largest biotechnology 
center in Latin America.
Despite the skilled workforce in the country,86 the scientific and technological infra-
structures that are being developed (bio-park, incubators, etc.) and the growing impor-
tance given to agri-food biotechnology, the public and private expenditure on R&D for 
this sector is still considered too low, compared to that of other countries producing 
biotech.87 However, the research activities conducted on biotechnology are quite varied 
and, according to a survey conducted by the ISNAR (International Service for National 
Agricultural Research), range from traditional genetic engineering, the diagnosis of plant 
pathogens and molecular markers, up to techniques of micropropagation and tissue cul-
ture88 applied to numerous crops including: garlic, onion, potato, sunflower, corn, wheat, 
strawberry, tomato, rye, citrus and blueberry. Specifically with regard to the food sector, 
some local excellences89 have gone into the production of high-fructose corn syrup and 
an intermediate glucose syrup.
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THE rEgulaTorY 
fraMEwork is sounD 
anD was sTruCTurED 
rigHT aT THE sTarT of THE 
ProCEss of TECHnologY 
DEVEloPMEnT

THE BioTECHnologY 
DirECToraTE of THE 
MinisTrY of agriCulTurE, 
founDED in 2009, 
CoorDinaTEs THE arEas of 
BiosafETY, PoliCY analYsis 
anD THE DEfiniTion of 
rEgulaTions

THE laCk of an aDEquaTE 
sYsTEM of ProTECTion 
of THE inTEllECTual 
ProPErTY rigHTs for THE 
nEw sPECiEs DEVEloPED is 
EroDing argEnTina’s iniTial 
CoMPETiTiVE aDVanTagE

THrougH THE sTraTEgiC 
Plan of DEVEloPMEnT of 
agriCulTural BioTECHnologY 
2005-2015, argEnTina Has 
offiCiallY EnTErED a nEw 
PHasE of DEVEloPMEnT of 
BioTECHnologY TECHniquEs 

3.5.2 Public policies and regulations 

One of the factors that led Argentina to quickly climb to its position among the produ-
cing countries in the field of biotech food is the presence of a solid regulatory framework 
which was structured right at the start of the process of technology development. Just 
think, by way of example, that when the first GMO variety was introduced on the U.S. 
market, Argentina had already defined the regulatory mechanisms necessary for the eva-
luation of this technology, thus making the country-context highly attractive to busines-
ses looking for rapid returns on investments. To manage the development of this sector, 
which was still in its infancy, the National Institute of Seeds (INASE)90and the National 
Commission for Agricultural Biotechnology (CONABIA)91 were created in 1991.
Subsequently, with the rapid evolution of technological applications and the corresponding 
increase in the need for their control, the regulatory system has become increasingly detailed, 
enriched with a plurality of actors with shared roles that are not always unique. Central and 
superordinate to all is the Biotechnology Directorate of the Ministry of Agriculture, founded 
in 2009, which coordinates the areas of biosafety, policy analysis and the definition of regula-
tions. A traditional process of approval of a new species of biotechnology, which usually lasts 
42 months in Argentina, now involves several agencies inside the Ministry, more specifically:
- the National Commission for Agricultural Biotechnology (CONABIA): A multidisciplina-

ry and inter-institutional organization with supporting duties in the evaluation of the 
impact of the new variety on the agricultural ecosystem, from both a technical and a 
scientific point of view;

- the National Service for Health and Quality of Food (SENASA)92: an organization that 
controls the biosafety of products derived from biotech crops;

- the Directorate General for Agriculture and Food Markets (DNMA)93: an organization that 
evaluates the sales impact of the new product on export markets;

- the National Institute of Seeds (INASE)94: responsible for defining the requirements for 
inclusion in the National Register of Crops.

Although the other Latin American countries have adopted a law on the bio-safety of 
crops and food, Argentina has not yet done so, representing an anomaly in this respect, 
especially because of the importance agriculture has in its economy95 and for the primary 
role of biotechnology in the country. There are a number of laws and guidelines under 
discussion on issues such as bio-safety, risk assessment and labeling,96 but no significant 
progress has been made so far in this direction. 
Another of the most controversial aspects of the regulatory framework in Argentina, a 
cause of numerous complaints from the business world, is the discipline of the protection 
of intellectual property rights (IPR) and related royalties. Despite the country’s leadership 
position in food biotechnology, there actually is still no adequate and efficient system of 
protection of the IPR for the new plant species developed or for any of the new technological 
applications that are developed.97 The penalties for the unauthorized use of new seed varie-
ties are not sufficiently disincentive and judicial enforcement mechanisms have not proven 
to be effective over time.98 This lack in the regulatory system is, thus, gradually eroding the 
initial competitive advantage of the country in the eyes of the businesses in this sector.99 
Among the latest innovations in the Argentine regulatory system, two are of parti-
cular interest: the draft law for the support of biotechnology (aimed at promoting 
and developing the sector through tax incentives and specialized services) and the 
Strategic Plan of Development of Agricultural Biotechnology 2005-2015, through 
which Argentina has officially entered a new phase of development of biotechnology 
techniques.
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argEnTina’s aPProaCH To 
THis issuE DEMonsTraTEs 

How THE goVErnMEnT 
wanTs To giVE ValuE noT 

onlY To THE TECHnologiCal 
ElEMEnTs, BuT also To 

PoliTiCal, rEgulaTorY anD 
finanCial onEs

sCiEnTisTs anD 
rEPrEsEnTaTiVEs of 

inDusTrY arE oPTiMisTiC 
aBouT THE usE of 

BioTECHnologY, wHErEas 
ConsuMErs Do noT sEE anY 

DirECT BEnEfiT froM iT

THErE is a wiDEsPrEaD 
nEED for CoMMuniCaTion 

aBouT THE risks anD 
PoTEnTial BEnEfiTs of 

THEsE nEw TECHnologiCal 
aPPliCaTions

Specifically, the Plan100 proposes a broader range of biotechnological applications (not 
just transgenesis) to offer the country, traditionally an importer and adapter of techno-
logies from the outside, a new role and new prospects for development, expressing the 
hope that modern techniques can become a common component in all areas of agri-
cultural production in Argentina. It is, thus, promoting the creation of an enabling en-
vironment in political, legal and public acceptance terms, in order to fully exploit the 
potential of the sector and encourage the creation of firms specializing in biotechnology 
with different instruments, as well as the strengthening of existing ones. The definition 
of a Plan, specifically focused on agricultural biotechnology and, therefore, not mixed 
with other kinds of strategic development, as with most of the countries analyzed here, 
is a testament to the importance attached by the government to this set of technological 
applications, regarded as one of the main responses to the challenges of the future of 
agriculture in Argentina. In the participatory process101 that has characterized its birth 
and will accompany a flexible development in time, it is a further demonstration of how 
Argentina’s approach to this issue is integrated, that is, able to give value not only to the 
technological elements, but also to political, regulatory and financial aspects, placing 
them in a systemic perspective which is able make the most of the industry.

3.5.3 Public opinion regarding agri-food biotechnology

In Argentina, the majority of scientists and representatives of industry are optimistic 
about the future use of biotechnology to increase crop yields and for the improvement 
of the nutritional properties of food.102 Consumers, however, do not yet see the use of 
biotechnology as being able to bring them a direct benefit, but rather, as an area that is 
potentially profitable for the companies. 
A survey103 conducted by the SAGPyA104 in 2005 within the international project 
UNEPGEF105 on producers and consumers confirms this dichotomy. In fact, 82% of the 
producers said that biotechnology is a tool that contributes significantly to the resolution 
of some critical aspects of the agricultural sector to which no answer had yet been given. 
75% also added that the consumption of biotech products does not pose any health risks.
However, this confidence in new molecular technological applications is supported by a 
real understanding of the sector regulation, which is demonstrated by the fact that today 
there are numerous complaints and a growing discontent in the business world. Only 
12% of respondents, in fact, declared they were aware of the regulatory system.
From the perspective of consumers, however, it is evident how a cursory knowledge of 
the plurality of meanings embodied in the term “biotech food”106 brings a basic insecu 
rity with it that characterizes the consumers’ approach to products resulting from the use 
of biotechnology. 40% said, in fact, that the consumption of this type of product is the 
cause of risks to human health.
A widespread need for communication about the risks and potential benefits of these new 
technological applications emerged in the end from almost all of those interviewed.107

The realization of the future development plan proposed in the Strategic Plan (which sees 
Argentina as the pioneer in the development of biotechnology alternatives to transgene-
sis) will necessarily have to pass through pervasive communication actions, capable of 
illustrating all the aspects of this kind of technology that are still largely unknown to the 
general public.108
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THErE arE 21 
gEnETiCallY MoDifiED 
PlanTs aPProVED in 
Brazil: 11 VariETiEs of 
Corn, 6 of CoTTon anD 4 
of soYBEan 

THE PriVaTE CoMPaniEs 
of THE BioTECHnologY 
sECTor arE loCaTED in 
THrEE Main arEas: sao 
Paolo, rio DE janEiro 
anD Minas gErais

THE inTroDuCTion anD 
EXPansion of largE-sCalE 
CroPs arE graDuallY 
EXPanDing THE PorTion 
of lanD alloCaTED To 
agriCulTural ProDuCTion, 
unDErMining THE original 
naTural EnVironMEnTs

Brazil is onE of THE MosT 
inTErEsTing CounTrY-

ConTEXTs To waTCH in THE 
PanoraMa of agriCulTurE 

anD agriCulTural 
TECHnologiEs worlDwiDE

Brazil Has an EffECTiVE 
infrasTruCTurE of 
rEsEarCH, Training, 

DirECTion anD rEgulaTion 
wiTHin THE agri-fooD 

sECTor, aMong THE MosT 
sTruCTurED gloBallY

Brazil is onE of THE HuBs of 
gloBal signifiCanCE in THE 
fiElD of PriVaTE rEsEarCH 

anD EXPEriMEnTaTion

aMong DEVEloPing CounTriEs, 
ToDaY Brazil is THirD, 
afTEr CHina anD inDia, 

for THE lEVEl of PuBliC 
inVEsTMEnTs in rEsEarCH anD 

DEVEloPMEnT in agriCulTurE

tuations that until now were deemed far less suitable to the development of an efficient 
agricultural sector (parts of Africa, for example).
All this – combined with a number of important scientific achievements (think of the 
clamor generated in 2000 following the publication in “Nature” of the genetic code 
of the pathogen Xylella fastidiosa, particularly damaging for orange trees, which even 
earned the cover of the famous scientific magazine109) – helps to explain the attention 
Brazil pays to biotechnology, both for its existing applications as well as for possible 
future developments.
The area of arable land in the country amounts to 59.6 million hectares and the most 
common crops are soybeans, corn, cassava, sugar cane and oranges. According to the 
“Economist,”110 50% of the active farms in Brazil are very small and produce only 7% 
of the total national agricultural production; 32% of the farmers of significant size 
produce 76% of the total national agricultural output.
In 2010 – according to estimates made by the ISAAA111 – 25.4 million hectares of land 
were used for the cultivation of genetically modified plants: an increase of 19% (4 mil-
lion hectares) with respect to 2009. The main varieties marketed are HT soybean, Bt 
cotton and Bt maize. According to the USDA, (the figure is from July 2010) there are 
21 genetically modified plants approved in Brazil: 11 varieties of corn, 6 of cotton and 
4 of soybean.
Most private companies active in the field of agricultural biotechnology are localized in 
three major areas of the country: Sao Paulo, Rio de Janeiro and Minas Gerais. In terms 
of size, many of these companies are classified as micro or small enterprises, often 
linked to the presence – widespread in the country – of incubators and science parks 
of agricultural biotechnology.
The USDA, in its latest report on Brazilian Annual Biotechnology Production & Outlook (2010), 
predicts a further increase in the use of genetically modified crops in the country (today, 
Brazil is the world’s second largest user of these varieties, after the USA). The area occupied 
by the genetically modified variants is, therefore as follows: 55% of the total area planted 
with maize, 78% in the case of soybeans, 22% for cotton. The expected increase in the use 
of genetically modified plants is related to the definition, by the Brazilian government, of 
an agricultural credit package worth $64 billion for the year (agricultural) 2010/2011 and 
to the recent approval of the use of some new variants of GM maize.
Brazil also appears to have invested significantly in recent years in the production of 
biofuels, ranking among the top producing countries worldwide, together with the U.S. 
In terms of research in biotechnology (not necessarily transgenic), in recent years Bra-
zil has achieved significant results in the selection of new crops and plant varieties, 
adapted to the climatic conditions of the Brazilian territory, ensuring the achieve-
ment of an increase in yields.112 This increase seems to have been achieved without an 
equally large expansion of cultivated land.113 However, some experts have pointed out 
that the introduction and expansion of large-scale cultivation of various crops (mainly 
soybeans and sugar cane) are progressively enlarging the portion of land intended for 
agricultural cultivation, to the detriment of the conservation of the original local natu-
ral environment (forest or otherwise).
One of the most successful areas has been the collection, preservation and manage-
ment of the genetic resources in the sector of plants: special attention has been paid to 
the preservation of those elements of native vegetation at higher risk of disappearance 
and to the plant species suitable for human consumption traditionally used by farmers. 
Following the ratification of the Convention on Biological Diversity in Brazil, the Na-
tional System of Conservation Units was created; it has led the country to now have 

Brazil is one of the most significant countries worldwide in the field of agricul-
ture and agrifood research. The extent of its farmed areas, the impressive level 
of the biodiversity found, that of its food production and the size and ubiquity 

of its R&D in the agri-food sector help to rank Brazil as one of the most interesting 
country-contexts to watch in the panorama of agriculture and agricultural technologies 
worldwide.

3.6.1 facts & figures 

Brazil – starting in 1972, the year of the founding of the Brazilian Company for Agri-
cultural Research (EMBRAPA), the main body of research and development in the 
agri-food sector at the national level – has set up an effective infrastructure of research, 
training, direction and regulation within the agri-food sector; it is reviewed periodi-
cally as to its actors, roles and relationships and is among the most structured globally. 
This attention to the subject of research and experimentation in the field of food has 
led to the emergence of a wide network of research centers active in the field of bio-
technology oriented, on the one hand, to the improvement of agricultural techniques 
and plant selection through “conventional” breeding techniques, and on the other, re-
search in the field of transgenic techniques as applied to agriculture.
In addition to public research centers, the opening of the country to the cultivation 
of transgenic seeds has attracted some of the major international companies to the 
country that are active in research and marketing within the food industry, helping to 
make Brazil one of the hubs of global significance in the field of private research and 
experimentation, especially with regard to transgenic applications.
The agri-food sector has always been identified, and even more so since the early ni-
neties, as being strategic within the government guidelines for the development of 
the country. Following this recognition, significant public investment was allocated to 
the sector and, in particular, to research. Among developing countries, today Brazil is 
third, after China and India, for the level of public investments in research and deve-
lopment in agriculture.
In addition, experiments carried out with success regarding the adaptation of crops 
typical of temperate climates (such as soybeans) to the tropical climate of the country 
– also through the use of innovative agricultural techniques (zero-tillage) – have been
widely reported, and (as also recognized by members of the EMBRAPA) the science
world and the media seem to be able to open up interesting opportunities for future si-

agri-fooD BioTECHnologY
in Brazil

3.6
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THE EMBraPa is THE 
PrinCiPal goVErnMEnT 
agEnCY in Brazil: iT is a 
sEMi-auTonoMous agEnCY 
aT THE fEDEral lEVEl anD 
is aDMinisTErED DirECTlY 
BY THE MaPa

THErE arE agriCulTural 
rEsEarCH agEnCiEs in 17 
of THE 26 sTaTEs THaT 
MakE uP Brazil;
HowEVEr, MosT of THE 
aCTiViTiEs THaT arE noT 
ConDuCTED aT THE fEDEral 
lEVEl arE ConCEnTraTED
in THE sTaTE of sao Paulo

THE naTional PoliCY for 
BioTECHnologY: Brazil To 
sEEk gloBal lEaDErsHiP 
Plan, signED BY PrEsiDEnT 
lula Da silVa in 2007, aiMs 
To MakE Brazil a lEaDEr in 
BioTECHnologY

THE naTional BiosafETY 
CounCil anD THE 
naTional TECHniCal 
CoMMission of BiosafETY 
arE THE Two Main 
goVErnMEnT BoDiEs THaT 
rEgulaTE agriCulTural 
BioTECHnologY in Brazil

iMPorTanT rEsEarCH 
Has BEEn ConDuCTED To 

iMProVE THE nuTriTional 
CoMPosiTion of THE 

CroPs anD To guaranTEE 
THE rEDuCTion of PosT-

HarVEsT lossEs

THE rEgulaTorY sYsTEM of 
agriCulTural BioTECHnologY 

is CoMPlEX, BECausE of THE 
EXisTEnCE of a Two-TiEr 

sYsTEM, CoMPosED of fEDEral 
anD sTaTE agEnCiEs

one of the most detailed systems for the preservation of protected areas in the world. 
In order to promote the conservation of the genetic resources of plants related to the 
more traditional cultivation and consumption of local populations, the implementa-
tion of “participatory breeding” interventions have been promoted, as well as seed fai-
rs, local seed banks and centers for the dissemination of agricultural biodiversity at the 
local level. 
The knowledge gained from the great work of the collection and characterization of 
germplasm has been the basis of several breeding programs of particular interest, such 
as the project Orygens (rice) and the Latin American Maize Project (corn).
Public agencies and public-private partnerships have conducted research activity re-
garding the development of crops resistant to diseases and insects, and tolerant to abio-
tic stress. From this point of view, the huge project of the collection and conservation 
of germplasm has allowed for the identification of the wild varieties that – more so 
than others – were able to naturally develop resistance to abiotic stress.114

In this sense, particularly interesting research regards the selection and improvement  
of resistance to abiotic stress that will be able to be conducted from the results obtained 
from a project launched by the Brazilian Environment Ministry for the identification 
and mapping of Creole varieties and their relative wild variants in reference to some 
of the major crops grown in Brazil; today, the screening has already been concluded 
for some important crops such as cotton, peanuts, rice, cucurbits, cassava and maize.
A field in which significant resources in terms of research have been invested – espe-
cially by the Center of Applied Biology of the EMBRAPA – is the improvement of the 
nutritional composition of crops (particularly in relation to corn). Other important re-
search that has been done is aimed at guaranteeing the reduction of post-harvest losses.
Finally, in particular at the Campinas Agronomic Institute (IAC) and in collaboration 
with EMBRAPA, research projects were conducted on the genome of the coffee plant 
(also thanks to the work in the collection and preservation of germplasm) and the re-
covery of contaminated soils and rhizosphere.

3.6.2 Public policies and regulations

The regulatory system of public research in relation to agricultural biotechnology in 
Brazil is complex, also and especially, because of the existence in the country of a two-
tier system, composed of federal and state agencies.115

Since the ’70s, the biotechnology sector has recorded a significant and largely prepon-
derant direct public presence.
Public intervention in this field has not been limited – historically – to a simple defini-
tion of the legal and regulatory framework: since the ’70s, the biotechnology sector has 
recorded a significant and largely preponderant direct public presence. Government 
agencies in this field, starting with EMBRAPA, play a key role in the development 
of biotechnology innovation and experimentation, the production/marketing of seeds, 
the definition and implementation of technology transfer,116 and the structuring of 
cooperation agreements (with private entities and with other public bodies, both Bra-
zilian and non-Brazilian).
A number of initiatives related to R&D in agricultural biotechnology have also seen 
the direct presence of public agencies in addition to private companies present in 
the country, precisely because of the importance that the guidelines and public in-
vestments have in this sector.117

The EMBRAPA is the principal government agency in Brazil: it is a semi-autonomous 
agency at the federal level and is administered directly by the MAPA.
The EMBRAPA is the principal government agency in Brazil: it is a semi-autonomous 
agency at the federal level and is administered directly by the Ministry of Agriculture, 
Livestock and Food (MAPA). This is the largest agency of R&D in agriculture in all of 
Latin America, both for staff and budget. The agency is based in Brasilia and operates 
15 central units and 42 research centers across the country.
Alongside this, there are agricultural research agencies in 17 of the 26 states that make 
up Brazil, even though most of the activities that are not conducted at the federal level 
are concentrated in the State of Sao Paulo. The public agency of the State of Sao Paulo 
– the Agency for Food Technology (APTA) – was founded in 2002 and coordinates all
research activities on crops; it is organized into four major strategic programs: envi-
ronmental sustainability, organization of rural areas, food security and bio-energy. The
research is carried out by 6 research departments and a network of 15 regional research
centers located throughout the state. Completing the system of agricultural research of
the state are two centers of excellence, the Campinas Agronomic Institute (IAC) and
the Biology Institute (IB), founded in 1887 and 1927, respectively.
Brazil also has a large number of public universities (mostly federal and state), in which
research is carried out in the field of agronomy in more than 100 faculties or schools
of agricultural sciences.
The role that Brazil has given to progress in biotechnology research has also been con-
firmed by the plan, National Policy for Biotechnology: Brazil to Seek Global Leadership, si-
gned by President Lula da Silva in 2007, in order to make the country, within a decade,
a global leader in biotechnology (not just in agriculture). To this end, investments of
almost $6 billion over ten years are expected, in part to provide a significant boost to
the creation of start-up programs and academic research in this area.
From a regulatory standpoint, the framework on agri-food biotechnology is defined by
Law 11,105 of 2005, as amended by Law 11,460 of 2007 and later by Decree number
5,591 in 2006.
The legislation that has been passed since 2005 also fills a lack of regulations regarding
the use of biotech crops, leading to a situation of great confusion in the relevant legal
and administrative framework: the cultivation of transgenic soy in Brazil, in fact, took
place illegally for the first years, especially in the State of Rio Grande do Sul. The diffi-
culty of sustainability of such a regulatory void and widespread illegality helped define
the choice of the Biosafety Law in 2005.
The two main government bodies that regulate agricultural biotechnology in Brazil are:
- the National Biosafety Council (CNBS), that acts under the direct supervision of the

Office of the President and is responsible for the formulation and implementation of
the National Biosafety Policy (PNB): it establishes principles and guidelines for the
administrative action for federal agencies involved in issues related to agricultural
biotechnology and assesses the socio-economic implications and the overall national
interests in relation to the approval of biotechnology products for commercial use;

- the National Technical Commission of Biosafety (CTNBio), initially established in 1995
within the framework defined by the first Brazilian biosafety law (Law 8,974); at
the present, under the current regulations, it has increased its members from 18 to
27 to include representatives of the competent federal ministries, specialists with
scientific backgrounds and technicians and experts on the issues of the defense of
consumers and small farmers. The commission, which is subject to coordination by
the Minister of Science and Technology, discusses and approves all technical aspects
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related to biotechnology, and every agricultural commodity, whether intended for 
human consumption, for animal nutrition or industrial processing, must be pre-
approved by the Committee, based on a case by case basis. Law 11,460 of March 21, 
2007 amended Article 11 of Law 11,105 of March 24, 2005 and has determined that a 
simple majority of votes is required to approve new biotech products.

In June, 2008, the National Biosafety Council (CNBS) decided it would consider only  the 
administrative appeals of national interest, on issues of social or economic importance.
The CNBS would not assess the technical decisions on individual biotech events ap-
proved by the National Technical Commission of Biosafety (CTNBio), considering the 
approval to be final. This decision, together with the change of majority voting for the 
CTNBio, lowers the constraints present in Brazil for the approval of biotech events.
In operational terms, for the registration of a biotech event in Brazil, an application 
must be submitted for approval of the sale of agricultural biotechnology products to the 
CTNBio, which assesses the need for further environmental impact studies. After ap-
proval by the CTNBio, three other ministries have an important role in the registration 
process: the Ministry of Agriculture, Livestock, and Food (MAPA), for products used 
in agriculture, livestock and food (processing); the Ministry of Health, regarding the 
use of products for direct human or pharmaceutical use; the Ministry of Environment, 
for products that require registration and inspection for use in the natural ecosystem.
From the standpoint of Intellectual Property Rights (IPR), the Biosafety Law - providing 
a clear regulatory framework for research and commercialization of biotech crops in 
the country – has outlined a strategy for high overall protection by the federal go-
vernment of Brazil concerning the products of biotechnology in agriculture. Some 
multinational companies (like Monsanto, Syngenta and BASF) have entered into li-
censing agreements with EMBRAPA for the joint development of plant biotech crops, 
particularly in relation to soy, corn and cotton.
At the base of Brazil’s great development in research and applications in biotechnology, 
are, in a nutshell:118 its strong scientific tradition in biotechnology, the significant pu-
blic funding allocated to basic research and the presence of a regulatory framework 
that is generally favorable to biotechnological research.

3.6.3 Public opinion regarding agri-food biotechnology

According to the USDA in its latest report, Brazilian Annual Biotechnology Production 
& Outlook (2010), acceptance of biotech crops in Brazil is strong among producers. 
According to the Brazilian Farm Bureau (CNA), the last full-scale survey among far-
mers in Brazil (dating back to 2001) showed an 80% acceptance rate of biotech crops.
However, the USDA shows that the acceptance of plant products obtained through the 
use of biotechnology is, on the whole, low among the exponents of the food industry. In 
particular, there is a widespread fear of the possibility of advertising campaigns against 
their products. Even the big players of Brazilian consumer goods have proven reluctant 
to accept biotech products.
The USDA believes that reliable information on consumer attitudes toward products 
from agricultural biotechnology in Brazil is not available at present. In general, the 
USDA reported a general indifference of public opinion toward the debate about the 
use of biotechnology in agriculture.
At any rate, a marketing campaign has been created, Brazil Better without Transgenic, 
against the use of genetically modified crops in Brazil, sponsored by Greenpeace and 

supported by various environmental groups and consumers, with the involvement of 
some government officials at the Ministry of Environment, some political parties, the 
Catholic Church and the Landless Movement. In general, the campaign against plant 
biotechnology products in Brazil, however, is more effective against large-scale retai-
lers and food processing than toward Brazilian consumers.

Taylor S. Kennedy/National Geographic Stock
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when we prepared the work plan for this document, we set the goal of under-
standing what the future developments of food biotechnology could be, both 
in technical terms, with reference to their role in supporting environmental, 

social and economic sustainability, and in geopolitical terms, recognizing that biotechno-
logy will play a very important role that will influence the future structure of the global 
agriculture and food sector.
Below, we have summarized the main conclusions of our investigation.

As long as GMOs continue, by their intrinsic nature, to be located primarily within an in-
tensive, large-scale agricultural model with a high use of chemicals, they will pose a conflict 
between different visions of agricultural activity. On the one hand, there is the belief that, 
supported by different logic and tools (yesterday chemistry, today biotechnology associated 
with chemistry), the models of the recent past can be extended, including in ways that are 
undifferentiated from a geographical viewpoint. On the other hand, however, some people 
believe it would be opportune to rethink the whole food system, considering the lack of 
natural resources today that are the basis of farming (from basic materials for fertilizers to 
water) and taking into account the consequences of climate change.   
It will be possible to re-evaluate the role of GMOs once they have demonstrated that 
they also provide appropriate responses as models of sustainable agriculture, capable of 
adapting to local and agricultural contexts that are accessible and functional to a wider 
audience of farmers.

Too often, research on agricultural productivity is a goal that is sought in order to justify the 
adoption of standardized solutions that do not take into account the geographical and social 
contexts in which they are applied. There is a problem of productivity in many parts of the 
world today and technology can provide an effective response only in some circumstances. 
There are situations in which other factors play a greater role: a better organization of work 
and family life, the consideration of all the factors of production, the application of effective 
and sustainable agricultural practices, improved infrastructures, more efficient and demo-
cratic market structures, modern irrigation systems, etc. The point is to choose the most 
appropriate intervention strategy for the specific geographical context.
Furthermore, we must not forget that a significant proportion of what is produced in agri-
culture today is destined for use by farm animals or, more recently, in non-food industrial 
uses, as in the case of biofuels.
The issue of sustainability is, therefore, very complex and includes matters relating to the 
use of agricultural production, the geographical distribution of food, lifestyles and con-

ConCluDing rEMarks4. sumption (not only in Western countries), and research aimed at increasing productivity, 
always within a logic of both economic and social sustainability.

The criticism that is often aimed at the most important companies in the transgenic sector 
is that of focusing on maximizing their profits, leveraging business models that integrate 
biotechnology and chemical products,1 and mainly working on those features that help 
optimize these models. Starting from this basis, the question today is quite broad on behalf 
of normally large farms that have adopted the model of intensive monoculture in countries 
like the United States, Canada, Argentina and Brazil. Furthermore, the recent choice to fa-
cilitate the cultivation of agricultural products for biofuel production in various areas of the 
world, as in the case of first-generation biofuels, has further strengthened the intensive mo-
del for some crops, such as  corn, creating a greater demand for genetically modified seeds.2 

This historical moment is complex and interesting because the structure of the food bio-
technology industry is still being defined, even in the transgenic field. Only a small num-
ber of countries are completely open to GMOs, even though they are authentic giants, 
and not only in agriculture: the USA, Canada, China, India, Brazil and Argentina. In de-
veloped countries, research is basically supported by private multinational companies; in 
emerging countries, research is conducted almost exclusively by public structures which 
are independent of the American and European multinationals, which are dedicated to 
satisfying the specific needs of their own national territories. Even the norms governing 
the biotechnology sector differ greatly between developed and emerging countries. 
In 10 years, the field of agricultural biotechnology will be very different from what we 
know today (plus, a greater decisional power will come from emerging countries), and 
there will certainly be a more extensive use of techniques. 
In the meantime, public-private partnerships in biotechnology research are slowly be-
coming the norm once again.

The limitations placed on access to and use of information mainly depend on how the 
intellectual property rights are regulated. This is a matter of genes, uses and techni-
ques that revolve around the production of genetically modified organisms. The limited 
sharing of these assets by public scientific institutions and among the several private 
companies active in the field, associated with the development costs and, therefore, 
with the burden of their adoption, affect research and the availability of the results. 
The future potential of the sector mainly depends on the possibility of establishing a 
different regulatory regime for intellectual property.

The consolidation of public-private partnerships in biotechnology research is slowly 
resuming.  Perhaps, it is the beginning of the end of a sector which is “drugged” by a 
questionable interpretation of restrictive intellectual property rights, that has created 
a very rich market protected by almost insurmountable barriers of entry. The roles and 
responsibilities of different partners in the process of research and development are still 
required for a better qualification.

The non-transgenic biotechnologies (non-GM) are of growing importance and their 
use is seen as a possible method that is complementary to the traditional techniques 
of crossing and hybridization. This is a very different use of biotechnology: here, the 
technology becomes an accelerator of processes, increasing the efficiency and effec-
tiveness (in terms of time and cost) of already-known techniques. The non-GM bio-
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technologies have obtained results that, over time, have been well above those achieved 
by genetically modified organisms, and this with only their modest number of traits. 

The combination of the lack of water and the gradual salinization of the soil is the main 
problem in  terms of agricultural productivity and a leading cause of phenomena of 
famine in arid and semi-arid regions of the planet.
The progressive deterioration of the average quality of the land –  in more or less se-
rious forms – basically involves the entire agricultural sector worldwide. If biotechno-
logy in general seems to play a possible role of support in the development of plants 
that are better able to tolerate abiotic stress, transgenic approaches have not, however, 
had satisfactory results so far, despite announcements made by the large multinational 
companies.
Incomplete knowledge of plant metabolism associated with the occurrence of abiotic 
stress, in conjunction with the frequent combination of multiple factors in the field, 
make the approaches based on genetic engineering  –  which are currently often focu-
sed on a single, critical factor – not very effective in the open environment and lead 
to considering more multi-dimensional approaches instead, based on a combination of 
biotechnology and non-GM farming techniques.
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CHaPTEr 1 

1. “food	production	that	makes	the	best	use	of	nature’s	goods	and	services	while	not	damaging
these	assets”	(pretty,	2005).

2.	fao,	2008.

3. we	confine	ourselves	here	to	a	brief	mention,	since	it	is	not	the	appropriate	forum	for	detailed
discussion	of	the	topic.	a	position	paper	on	the	topic	of	sustainable	agriculture	will	be	completed
by	the	Barilla	Center	for	food	&	nutrition	by	the	end	of	2011.

4. The	intensive	agricultural	models	of	the	green	revolution	are	based	on	intensive	consumption
of	fossil	fuels,	necessary	not	only	for	the	obvious	field	activities	and	logistics,	but	also	for	the
production	of	fertilizers	and	agrochemicals.

5.	 soil	 erosion,	water	 contamination,	 pollution	 of	 rivers	 and	 seas,	 deforestation	 and	 loss	 of
biodiversity.

6. evaluating	the	current	and	future	prospects	of	access	to	food,	environmental	sustainability,
health	impact	and	impact	on	society.

7. The	fao	estimates	that	there	are	1.3	billion	tons	of	waste	worldwide.

8.	president	of	Bocconi	university,	former	european	Commissioner	for	Competition,	a	member
of	the	advisory	Board	of	the	Barilla	Center	for	food	&	nutrition.

9.	genetically	modified	economics.

10. olivier	de	schutter,	who	we	appeciate	for	the	availability	granted	us,	is	special	rapporteur
on	the	right	to	food	for	the	united	nations,	and	professor	of	law	at	the	university	of	leuven.

11. Composed	of	Barbara	Buchner,	Claude	fischler,	mario	monti,	John	reilly,	gabriele	riccardi,
Camillo	ricordi	and	umberto	veronesi.	The	advisory	Board	oversees	the	activities	of	analysis
of	the	Barilla	Center	for	food	&	nutrition.	The	official	position	statements,	expressed	through
documents	and	declarations,	are	not	directly	attributable	to	the	members	of	the	board.

CHaPTEr 2

1. for	any	 further	study,	see	-	among	other	 important	documents	-	 the	 “fao	 international
Conference”	in	guadalajara,	held	last	march	4,	2010,	having	as	its	object	the	subject	of	bio-
technology	in	agriculture	and	the	significant	amount	of	supporting	documentation.	for	a	brief
historical	overview	to	the	inner	section,	the	reference	text	is	State of Food & Agriculture	(fao,
2003-2004).

2. “Convention	on	Biological	diversity,”	fao	Biotechnology	glossary.

3. secretariat	of	the	Convention	on	Biological	Biodiversity,	1992.

4. Zaid,	a.,	 h.g.	 hughes,	 e.	 porceddu,	 f.	 nicholas,	 glossary	 of	 Biotechnology	 for	 food	 and
Agriculture – A Revised and Augmented Edition of the Glossary of Biotechnology and Genetic
Engineering,	fao,	2001.

5. for	at	least	10,000	years,	man	has	been	changing	plants	and	animals	to	adapt	them	to	his

noTEs anD BiBliograPHY needs.	as	evidence	of	this,	researchers	of	the	“max	planck”	institute	in	Cologne,	germany,	found	
fossils	of	wild	wheat	in	the	fertile	Crescent	(the	middle	east	region,	now	mostly	Turkey,	where	
agriculture	was	born	10-11,000	years	ago).	The	seeds	of	wheat,	properly	treated	by	the	first	
farmers,	gave	rise	to	the	different	varieties	grown	during	the	Bronze	age.	studies	have	shown	
that	wheat	is	diploid,	that	is,	with	two	sets	of	chromosomes,	and	therefore,	resulting	from	one	
of	the	first	interventions	of	genetic	manipulation.	

6. Between	1856	and	1863,	mendel	crossbred	over	30,000	species	of	plants	and	then	presen-
ted	and	published	the	results	on	several	occasions	in	his	studies.

7. deoxyribonucleic	acid.

8. Is GMO agriculture sustainable?,	Barilla	Center	for	food	&	nutrition,	2010.

9. genomics	is	a	branch	of	molecular	biology	that	deals	with	the	study	of	the	genomes	of	living
organisms	and,	 in	particular,	deals	with	the	structure,	content,	 function	and	evolution	of	the
genome.

10. set	of	chromosomes	in	each	cell	of	an	organism.

11. By	way	of	example,	we	mention:	the	polymorphisms	for	restriction	fragment	length	(rflp),
randomly	amplified	polymorphic	dna	 (rapd),	 the	amplified	 fragment	 length	polymorphisms
(aflp)	and	micro-satellites.

12.	a	single	nucleotide	polymorphism	(snp)	 is	a	polymorphism,	that	 is	to	say,	a	variation	of
genetic	material	at	the	expense	of	a	single	nucleotide,	such	that	the	polymorphic	allele		is	pre-
sent	in	the	population	in	a	proportion	greater	than	1%.	Below	this	threshold,	it	is	customary	to
speak	of		mutation.

13. genomics	is	the	study	of	the	genome	of	an	organism.

14. or,	Targeting	induced	local	lesions	in	genomes.

15.	doebley,	J.f.,	B.s.	gaut,	B.d.	smith,	The Molecular Genetics of Crop Domestication,	in	“Cell,”
december,	2006.

16. in	 1950,	 the	 fao	 initiated	 a	 collaboration	with	 the	 international	atomic	energy	agency
(“atoms	for	food	global	partnership”)	in	order	to	make	the		irradiation	technology	more	acces-
sible	for	developing	countries.

17.	 for	 a	 comprehensive	 overview	of	 the	major	 challenges	 to	which	 the	 global	 agricultural
sector	(through	agricultural	innovation)	will	be	called	upon	to	give	an	answer,	also	see,	among
others:	 the	 Final Report and background documents,	 fao	 international	Technical	 Conferen-
ce	“agricultural	Biotechnologies	in	developing	Countries:	options	and	opportunities	in	Crops,
forestry,	livestock,	fisheries	and	agro-industry	to	face	the	Challenges	of	food	insecurity	and
Climate	Change,”	2010;	Chikelu	mba,	Harnessing PGRFA for Enhanced Crop Productivity. Chal-
lenges and Opportunities,	 fao,	 2010;	 dr.	 Kakoli	 ghosh,	 Towards a Strategic and Integrated
Management of Plant Genetic Resources for Food Security and Sustainable Development,	fao,
2009;	ruane,	J.,	a.	sonnino,	The Role of Biotechnology in Exploring and Protecting Agricultural
Genetic Resources,	fao,	2006;	The CAP in 2020: meeting the future challenges of food, natural
resources and territory,	the	european	Commission,	2010;	The Second Report on the State of the
World’s Plant Genetic Resources for Food and Agriculture,	The	Commission	on	genetic	resources
for	food	and	agriculture,	fao,	2009;	fears,	r.,	Genomics and Genetic Resources for Food and
Agriculture,	background	paper	for	the	Commission	on	genetic	resources	for	food	and	agricul-
ture,	fao,	2007;	martínez,	a.,	a.	amri,	Managing Plant Genetic Resources in the Agro-ecosystem:
Global Change, Crop-associated Biodiversity and Ecosystem Services,	2008.

18. for	a	brief	analysis	of	opportunities	and	concerns	that	the	use/adaptation	in	the	context	of
developing		major	biotechnology	in	agriculture	of	mas	(but	the	considerations	can	be,	to	some
extent,	generalized),	 see	guimaraes,	ep	et al.,	Marker-Assisted Selection. Current status and
future perspectives in crops, livestock, forestry and fish,	pp.	10-13,	fao,	2007.

19.	in	this	regard	also	see:	gurr,	s.J.,	p.J.	rushton,	Engineering Plants with Increased Disease
Resistance: What are We Going to Express?,	in	“Trends	Biotechnol,”	23,	pp.	275-282,	2005a;
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gurr,	 s.J.,	 p.J	 rushton,	 Engineering Plants with Increased Disease Resistance: How are, We 
Going, to Express, it?,	in	“Trends	Biotechnol,”	23,	pp.	283-290,	2005b.

20.	in	this	regard	also	see:	sundaram,	r.m.	et al.,	 Introduction of Bacterial Blight Resistance into 
Triguna a High Yielding, Mid-early Duration Rice Variety,	in	“Biotechnol,”	J.	4(3),	pp.	400-407,	2009.

21. Consider,	as	a	prime	example,	the	case	of	“ug99”	rust	in	wheat,	upon	which	-	because	of
its	prevalence	and	impact	-	a	research	program	established	at	the	international	level,	including
fao,	usda-ars,	CimmyT,	the	gates	foundation	and	iCarda,	is	currently	working.

22.	with	regard	to	this	also	see	the	works	of:	Boyer,	J.s.,	Plant Productivity and Environment,	in
“science,”	218,	pp.	443-448,	1982;	ribaut,	J-m.,	J.	Betrán,	Single Large-scale Marker-assisted
Selection (SLS-MAS),	 in	 “mol.	Breed,”	5,	pp.	531-541,	1999;	forster,	B.p.	et al.,	The Deve-
lopment and Application of Molecular Markers for Abiotic Stress Tolerance in Barley,	in	“Journal	of
experimental	Botany,”	51,	pp.	19-27,	2000;	ribaut,	J-m.,	g.	edmeades,	e.	perotti,	d.	hoising-
ton,	QTL Analyses, MAS results, and Perspectives for Drought-tolerance Improvement in Tropical
Maize,	in	“molecular	approaches	for	the	genetic	improvement	of	Cereals	for	stable	production
in	water-limited	environments,”	pp.	131-136,	CimmyT,	mexico,	2000;	Bänziger,	m.,	p.s.	se-
timela,	d.	hodson,	B.	vivek,	Breeding for Improved Abiotic Stress Tolerance in Maize Adapted
to Southern Africa,	 in	 “agricultural	water	management,”	80,	 pp.	212-224,	2006;	harris,	P.,
Abiotic Stresses: Plant Resistance Through Breeding and Molecular Approaches,	CrC	press,	Boca
raton,	florida,	2005;	almekinders,	C.J.m.,	p.C.	struik,	Diversity in Different Components and at
Different Scales,	in	almekinders,	C.,	w.	de	Boef	(eds),	Encouraging Diversity: The Conservation
and Development of Plant Genetic Resources,	 intermediate	Technology	publications,	 london,
2000;	singh,	K.B.,	B.	ocampo,	l.d.	robertson,	Diversity for Abiotic and Biotic Stress Resistance
in the Wild Annual Cicer species,	in	“genetic	resources	and	Crop	evolution,”	45,	pp.	9-17,	1998;
langridge,	p.,	n.	paltridge,	g.	fincher,	Functional Genomics of Abiotic Stress Tolerance in Cereals,
in	“Briefings	in	functional	genomics	and	proteomics,”	4,	pp.	343-354,	2006.

23. flowers,	T.J.,	 Improving Crop Salt Tolerance,	 in	 “Journal	of	experimental	Botany,”	55,
pp.	307-319,	2004.

24.	The	main	work	in	this	direction	has	been	carried	out	within	the	private	sector	(with	the	use
of	both	traditional	breeding	approaches,	and	techniques	of	genetic	modification).	such	appro-
aches,	to	be	tested	in	the	field,	might	in	any	case	-	in	the	opinion	of	the	fao	-	not	be	directly
applicable	in	less	intensive	agricultural	contexts	(and	characterized	by	minor	public	resources	to
improve	agriculture)	in	developing	countries.	an	initiative	that	seems	potentially	able	to	lead	to
a	positive	effect	-	in	the	long	term	-	is	represented	by	the	public-private-partnership	between
CimmyT,	monsanto	and	the	gates	foundation	to	develop	maize	varieties	resistant	to	drought
in	africa.

25.	 in	 this	regard,	also	see:	 	ruane,	J.,	a.	sonnino,	p.	steduto,	C.	deane,	Coping with Water
Scarcity: What Role for Biotechnologies?,	fao,	rome,	2008.

26.	ruttan,	v.w.,	Biotechnology and Agriculture: A Skeptical Perspective,	in	“agBioforum,”	2,
pp.	54-60,	1999.

27.	in	this	regard,	also	see	the	analysis	and	discussions	contained	in	the	document	published	in
2010	by	the	Barilla	Center	for	food	&	nutrition,	entitled	Is GMO agriculture sustainable?

28.	in	this	regard,	also	see:	murphy,	d.J.,	Molecular Breeding Strategies for the Modification of
Lipid Composition,	in	“vitro	Cell.	devel.	Biol.-plant,”	42,	pp.	89-99,	2006.

29.	with	 regard	 to	 this,	 also	 see:	sonnino,	a.,	Z.	dhlamini,	 f.m.	santucci,	p.	warren,	Socio-
economic Impacts of Non-transgenic Biotechnologies in Developing Countries,	fao,	2009.

30. with	regard	to	this,	also	see:	Thompson,	J.,	i.	scoones,	Addressing the Dynamics of Agri-
food Systems: An Emerging Agenda for Social Science Research,	in	“environmental	science	and
policy,”	12,	pp.	386-397,	2009.

31. for	an	overview	of	what	is	currently	considered	the	technical	frontier	in	terms	of	agricultural
biotechnology,	 it	 is	possible	 to	refer	 to	a	document	produced	 in	2011	by	the	research	 institutes
JrC-ihCp	ipTs	of	the	european	Commission,	New Plant Breeding Techniques: State-of-the-art and

Prospects for Commercial Development;	also	of	interest	is	the	document	produced	in	2010	-	in	re-
ference	to	cisgenesis,	one	of	the	techniques	that	appears	most	promising	for	the	future	–	by	riKilT	
institute	of	food	safety,	at	the	request	of	the	dutch	government,	Food and Feed Aspects of Cisgenic 
Crop Plant Varieties.

32. Global Status of Commercialized Biotech/GM Crops,	isaaa,	2010.

33. avoiding,	by	choice,	an	 in-depth	examination	of	what	 is	happening	 in	 the	united	states
(which	alone	merits	an	entire	document-long	discussion	and	is	also	best	represented	in	terms
of	what	 is	produced	by	the	scientific	community)	and	africa	(to	which	we	will	devote	further
investigation).

CHaPTEr 3

1. Global Status of Commercialized Biotech/GM Crops,	isaaa,	2010.

2. Today,	 in	europe,	only	the	cultivation	of	gm	plant	varieties	 is	allowed:	maize	produced	by
monsanto,	mon810,	and	the	aforementioned	potato	produced	by	Basf.

3. Consequences, opportunities and challenges of Modern Biotechnology for Europe,	 in	 “Joint
research	Center	reference	report,”	2007.

4. The	eurobarometer	survey,	conducted	in	february	2010,	is	the	seventh	in	a	series	begun	in
1991	and	is	based	on	representative	samples.	Europeans and Biotechnology in 2005: Patterns
and Trends,	eurobarometer,	european	Commission,	July	2005;	Europeans and Biotechnology in
2010,	eurobarometer,	european	Commission,	november	2010.

5. see,	Is GMO agriculture sustainable?,	Barilla	Center	for	food	&	nutrition,	2010.

6. Global Status of Commercialized Biotech/GM Crops,	isaaa,	2010.

7.	in	Brazil,	the	increase	in	biotech	acreage	was	4	million	hectares	(isaaa,	2010).

8. 93%	for	soy	and	cotton,	86%	for	maize,	96%	for	sugar	beet	and	88%	for	rapeseed	(isaaa,
2010).

9. Beintema,	n.,	p.	adhiguru,	p.s.	Birthal,	a.K.	Bawa,	Public Agricultural Research Investments:
India in a Global Context,	national	Center	for	agricultural	economics	and	policy	research,	iCar	
policy	Brief,	2008.

10. pardey,	p.g.,	Agricultural Research and Productivity for the future,	farm	foundation	Confe-
rence,	university	of	minnesota,	2009.

11. lusser,	m.,	C.	parisi,	d.	plan,	e.r.	Cerezo,	New Plant Breeding Techniques: State-of-the-art
and Prospects for Commercial Development,	JrC	report,	2011.

12. The	 techniques	of	breeding	 taken	 into	 consideration	by	 the	 study	 include:	mutagenesis,
cisgenesis,	grafting,	agroinfiltration,		synthetic	genomics,	etc.

13.	public	authorities	having	a	role	in	the	approval	process	of	new	plant	organisms	that	result
from	biotechnology	(not	just	gm)	are	the	united	states	department	of	agriculture	(usda),	the
environmental	protection	agency	(epa)	and	the	food	and	drug	administration	(fda).

14. These	are	aspects	that	we	have	documented	elsewhere	(Is GMO agriculture sustainable?,
Barilla	Center	for	food	&	nutrition,	2010).

15.	fritz,	s.	et	al.,	Awareness and Acceptance of Biotechnology Issues among Youth,	undergra-
duates	and	adults,	in	“agBioforum,”	6	(4),	2003.

16.	sittenfeld,	a.,	a.	espinoza,	Revealing Data on Public Perception of GM Crops,	 in	“Trend	in
plant	science,”	2002.

17.	hoban,	T.J.,	Public Attitudes towards Agricultural Biotechnology,	esa	working	paper,	2004.
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18.	international	service	for	the	acquisition	of	agro-biotech	applications.

19.	among	all	the	biotech	plant	varieties	that	have	been	approved	for	commercial	production	in
China,	there	are	over	200	varieties	of	Bt	cotton.	(lagos,	J.e.,	w.	Bugang,	China-People Republic
of Biotechnology, GE Plants and Animals,	 g.a.i.n	 report	 usda	 foreign	agricultural	 service,
2010).

20. only	one	species	of	virus-resistant	papaya	is	still	produced	in	guangdong,	covering	an	area
of	3,500	hectares.		(lagos,	J.e.,	w.	Bugang,	China-People Republic of Biotechnology, GE Plants
and Animals,	g.a.i.n	report	usda	foreign	agricultural	service,	2010).

21.	it	is	estimated	that	China’s	population	will	have	reached	1.6	billion	by	2030	and	the	conse-
quent	demand	for	food	production	will	increase	by	at	least	60%.	The	current	process	of	urbani-
zation	will	also	lead	to	a	gradual	reduction	in	the	arable	land	and	the	sustainability	of	the	quality
of	food.	(Zhang,	Q.,	China: Agricultural Biotechnology Opportunities to Meet the Challenge of Food
Production,	in	“agricultural	Biotechnology	and	the	poor,”	2002).

22. huang	J.,	Q.	wang,	Agricultural Biotechnology Development and Policy in China,	in	“agBio-
forum,”	2002.

23.	fao	international	Technical	Conference,	“agricultural	Biotechnologies	in	developing	Countri-
es,”	march	2010.

24.	partly	financed	by	the	central	government	and	partly	by	local	ones.

25. fao	international	Technical	Conference,	“agricultural	Biotechnologies	in	developing	Countries,”
march	2010.

26. among	the	applications	of	in	vitro	culture,	one	of	the	most	interesting	concerns	the	pos-
sibility	of	obtaining	fully	homozygous	individuals,	as	an	alternative	to	the	long	and	not	always
possible	(due	to	the	onset	of	phenomena	of	depression	from	inbreeding)	process	that	involves
repeated	 self-fertilization.	 it	 involves	 the	 in	 vitro	 cultivation	 of	 haploid	 cells,	 such	 as	 pollen
grains,	and	inducing	cell	multiplication	through	environmental	and	hormonal	stimuli.	Therefore,
it	will	produce	a	haploid	plant,	since	there	was	no	gamete	fusion.	The	little	haploid	plant	is	very
delicate	and	weak,	but	it	 is	possible	to	make	sure	that	it	will	regain	normal	level	of	ploidy.	it
interacts	with	products	(the	one	used	the	most	is	colchicine,	an	alkaloid	that	is	obtained	from	a
flower)	that,	during	mitosis,	prevent	cell	division	but	not	chromosome	replication.	Thus,	diploid
cells	will	be	obtained	once	again,	with	pairs	of	homologous	chromosomes	that	are	perfectly
identical	to	the	one	originated	by	replication	of	the	other.

27. since	1986,	r&d	in	agricultural	biotechnology	has	been	significantly	supported	by	the	re-
search	programs	at	the	state	level.	among	these,	the	most	important	are:	the	National Program
on High Technology Development	(also	known	as	Program 863)	and	the	National Program on
the Development of Basic Research	(also	known	as	Program 973).	also	see:	lu,	C.,	Agriculture
Biotechnology and its Management in China,	oilcrops	research	institute,	Caas,	2005.

28.	huang,	J.,	Q.	wang,	Agricultural Biotechnology Development and Policy in China,	in	“agBio-
forum,”	2002.

29.	we	mention,	by	way	of	example,	the	“national	Biosafety	Committee”	(nBC),	a	multidisci-
plinary	committee	of	74	experts	from	nine	ministries,	nine	research	institutes	and	nine	uni-
versities,	which	aims	to	assess	national	and	international	applications	for	biosafety	certification.
The	Committee	is	divided	into	three	groups:	biotech	plants,	animals	and	microorganisms,	food
and	feed.

30. The	reference	here	is	to	the	old	five-year	plan	that	is	now	concluding,	since	that	of	the	new
plan,	the	12th Five Year Plan on the Development of Biotech Industry	(2011-2015),	has	recently
been	approved	but	no	detailed	information	is	available	concerning	it.

31.	among	the	main	objectives	of	the	plan,	to	be	highlighted:	1)	the	consolidation	of	a	legal
and	political	structure	that	 is	appropriate	and	able	 to	stimulate	technological	 innovation	and
dissemination	of	technical	standards	for	the	development	of	biotechnology	techniques;	2)	the
development	of	new	biotech	products	protected	by	intellectual	property	rights	capable	of	gene-
rating	total	annual	revenues	of	1	billion	rmB,	and	3)	the	creation	of	about	10	biotech	compa-

nies,	each	with	a	turnover	exceeding	1	billion	rmB,	and	8	specialized	industrial	parks	in	various	
biotechnology	applications,	with	a	turnover	of	50	billion	rmB	each.	

32.	isaaa,	may	2011.

33. These	regulations	are	implemented	by	the	ministry	of	agriculture	through	the	ministerial
decrees	8,	9	and	10	(Measures on the Safety Evaluation Administration of Agricultural GMOs,
Measures on the Safety Evaluation of Agricultural GMO Imports and Measures on Agricultural
GMO Labeling Administration)	governing	the	approval	processes	for	the	production	and	dome-
stic	trade,	those	of	import	and	labeling.

34. By	way	of	example:	li,	Q.,	K.r.	Curtis,	J.J.	mcCluskey,	T.i.	wahi,	Consumer Attitudes Toward
Genetically Modified Foods in Beijing-China,	in	“agBioforum,”	2002.

35. Food Biotechnology: consumer perception of food biotechnology in Asia,	afiC,	2008.

36. 65%	of	the	survey	sample,	afiC,	2008.

37. Knowledge	of	issues	related	to	sustainable	food	production	is	low	and	only	10%	of	the	sam-
ple	said	they	had	heard	about	them	before.

38. numerous	 studies	 often	 cite	 incidents	 of	 farmers	 committing	 suicide	 because	 of	 failed
harvests	and	cattle	and	goats	 that	died	 from	grazing	 in	Bt	cotton	fields	 	 (rangasamy,	n.,	K.
elumalai,	Market Opportunities and Challenges for Agri-Biotech Products in India,	in	“agricultural
economics	research	review,”	2009).

39. Global Status of Commercialized Biotech/GM Crops,	isaaa,	2010.

40.	in	october	2009,	the	“genetic	engineering	appraisal	Committee,”	after	a	long	process	of
analysis	and	study,	concluded	that	the	Bt	eggplant	(Brinjal)	is	safe	for	the	environment	and	he-
alth.	however,	the	market	entry	of	this	variety	has	been	blocked	by	the	ministry	of	environment
and	forests,	which	in	february	2010	announced	a	moratorium	on	the	approval	process	while
waiting	for	the	government’s	regulatory	system	to	conduct	more	detailed	studies	on	this	new
variety.	although	so	far	there	seem	to	be	no	further	developments	on	this	matter,	india	is	poised
to	approve	the	first	biotech	crop	used	as	food	(singh,	s.,	India Biotechnology – GE Plants and
Animals, GAIN Report,	usda	foreign	agricultural	service,	2010).

41.	singh,	s.,	India	Biotechnology – GE Plants and Animals, GAIN Report,	usda	foreign	agricul-
tural	service,	2010.

42. Choudhary,	B.,	K.	gaur,	Celebrating 10 Years Bt cotton in India: A Multipurpose Crop,	isaaa,	
2011.

43. Global Status of Commercialized Biotech/GM Crops,	isaaa,	2010.

44. according	to	the	Cotton	advisory	Board,	the	yield	of	cotton	in	india	has	declined	from	554
kg/hectare	in	2007-08,	to	524	kg	in	2008-09,	to	498	kg	in	2009-10	and	down	to	475	kg	in
2010-11	(Spurious Bt Seeds, weather Take Toll on Cotton Yields in India,	Business	standard,
india	2011.	we	have	dedicated	a	specific	focus	to	this	issue	in	the	position	paper	Is GMO agri-
culture sustainable?).

45. sales	of	Bt	cotton	count	for	77%	of	the	total	sales	of	biotech	companies	operating	in	the
agri-food	 sector	 (rangasamy,	n.,	 K.	elumalai,	Market Opportunities and Challenges for Agri-
Biotech Products in India,	in	“agricultural	economics	research	review,”	2009).

46. singh,	s.,	India Biotechnology – GE Plants and Animals,	gain	report,	usda foreign	agri-
cultural	service,	2010.

47. see	note	5,	Chapter	1.

48.	for	example:	monsanto	india	ltd.,	mahyco	monsanto	Biotech	(india),	syngenta	india,	rasi
seeds,	ankur	seeds,	nuziveedu	seeds,	prabhat	agri,	JK	seeds,	nath	seeds	and	indo-american
seeds	(rangasamy,	n.,	K.	elumalai,	Market Opportunities and Challanges for Agri-Biotech Pro-
ducts in India,	in	“agricultural	economics	research	review,”	2009).

49. for	example:	avani	seeds,	nav	gujarat	seeds,	nimbkar	seeds	pvt.	ltd	(see	note	5,	Chapter	1).
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50. The	crops	being	developed	by	the	public	sector	include:	bananas,	cabbage,	cassava,	cauliflo-
wer,	chickpeas,	eggplant,	rapeseed/mustard,	papaya,	potatoes,	rice,	tomatoes,	watermelon	and	
wheat.	instead,	among	those	of	interest	to	private	companies	are:	cabbage,	cauliflower,	cotton,	
corn,	rapeseed/mustard,	rice	and	tomato.		

51. hautea,	r.a.,	m.	escaler,	Plant Biotechnology in Asia,	in	“agBioforum,”	isaaa,	2004.

52. see	note	6,	Chapter	1.

53.	11th Five Year Plan 2007-2012,	government	of	india,	2008.

54. rangasamy,	n.,	K.	elumalai,	Market Opportunities and Challenges for Agri-Biotech Products 
in India,	in	“agricultural	economics	research	review,”	2009.

55. india	resource	Center,	2011.

56. public	spending	on	r&d	in	agriculture	between	1991	and	2003	grew	at	an	average	rate	
of	6.4%	per	year	(Beintema,	n.,	p.	adhiguru,	p.s.	Birthal,	a.K.	Bawa,	Public Agricultural Research 
Investments: India in a Global Context,	national	Center	 for	agricultural	economics	and	policy	
research,	iCar	policy	Brief,	2008).

57.	 in	2000,	spending	on	agricultural	r&d	 in	 india	amounted	 to	$1.3	billion;	 in	 the	united	
states,	$4.4	billion;	in	Japan,	$2.5	billion;	and	in	China,	$1.9	billion	(Beintemae	stads,	2008).

58. 60	million	children	under	5	years	of	age	(world	Bank,	2009).

59. hautea,	r.a.,	m.	escaler,	Plant Biotechnology in Asia,	in	“agBioforum,”	isaaa,	2004.

60. see	note	5,	Chapter	2.

61.Together	with	the	act,	the	related	regulation	already	implemented	should	also	be	taken	into	
consideration:	Rules for the Manufacture, Use/Import/Export and Storage of Hazardous Microor-
ganisms/Genetically Engineered Organisms or Cells,	1989.

62.	By	way	of	example:	Recombinant DNA Guidelines,	1994;	guidelines and Standard Operating 
Procedures for the Conduct of Confined Field Trials,	2008;	Guidelines for Safety Assessment of 
Foods derived from Genetically Engineered Plants,	2008.

63.	National Biotechnology Development Strategy,	dBT-ministry	of	science	&	Technology,	2007.

64.	singh,	s.,	India Biotechnology – GE Plants and Animals,	gain	report,	usda	foreign	agri-
cultural	service,	2010.

65.	Annual Report,	department	of	Biotechnology,	2009-2010.

66. This	is	the	case,	for	example,	of	the	state	of	andhra,	which		after	numerous	appeals	and	ha-
ving	received	approval	from	the	monopolies	and	restrictive	Trade	practices	Commission,	issued	
a	directive	that	requires	a	roof	(limit)		for	the	price	of	seed	of	all	biotech	companies	working	in	
the	area	(usda,	2010).	

67. Food Biotechnology: Consumer perceptions of food biotechnology in Asia,	afiC,	2008.

68. according	to	the	afiC	study,	66%	of	the	population	demonstrates	confidence	in	the	quality	
and	safety	of	foods	derived	from	genetically	modified	products.	

69.	according	to	the	afiC	study,	70%	of	the	population	declared	that	agri-food	biotechnologies	
will	be	able	to	bring	real	benefits	to	themselves	and	their	families	over	the	next	5	years.

70. singh,	s.,	India Biotechnology – GE Plants and Animals,	gain	report,	usda	foreign	agri-
cultural	service,	2010.

71.	vandana	shiva	(dehra	dunh,	november	5,	1952),	a	political	activist	and	environmentalist,	
has	fought	to	change	paradigms	and	practices	in	agriculture	and	food;	she	has	also	been	dealing	
with	matters	of	intellectual	property	rights,	biodiversity,	biotechnology,	bioethics,	genetic	engi-
neering	and	more.	in	1993,	she	received	the	right	livelihood	award.	she	is	one	of	the	principal	
leaders	of	the	“international	forum	on	globalization.”

72.	“many	farmers	have	been	led	to	believe	that	they	would	get	rich	by	buying	the	new	seeds,	

which	would	increase	production.	Those	who	let	themselves	be	convinced	discovered	that	they	had	
to	buy	the	seeds	again	every	year		–	the	seeds	do	not	breed	and	they	have	a	‘suicidal’	gene,	which	
is	proof	that	they	are	against	nature	-	at	a	price	three	times	higher	than	traditional	seeds.	so	they	
were	in	debt	up	to	their	necks.	result:	200,000	suicides	in	10	years”	(“la	stampa”,	4/3/2010).

73. Global Status of Commercialized Biotech/GM Crops,	isaaa,	2010.

74. also	regarding	the	cultivated	areas,	over	the	last	decade	there	has	been	a	process	of	the	
“soying”	of	the	country,	with	a	high	growth	rate	of		land	planted		with	soya.		

75.	Bisang,	r.	et al.,	The Political Economy of Biotechnology in Argentina		prometeo,	perugia,	
2005.

76. Biotechnology	in	argentina,	Knowledge + Innovation to Meet Global Market Needs,	sector	
profile,	prosperar,	2009.

77. falling	into	this	category	are:	seeds	and	plants,	food	components	and	inocula	(prosperar,	2009).

78.	revenues	from	exports	of	biotech	products	amounted	to	more	than	80	million	us$	(pro-
sperar,	2009).

79.	about	80%	of	enterprises	in	the	biotechnology	sector	are	small-medium	local	businesses	
(prosperar	2009).

80.	Market Review: Plant Biotechnology in Argentina,	agrivalue	sa,	2007.

81.	stads,	g.J.,	a.m.	ruiz,	g.	de	greef,	Argentina,	asTi	Country	Brief,	44,	2010.

82.	Full Time Equivalent.

83. see	note	18,	Chapter	2.

84. proseperar,	2009.

85.	To	be	mentioned	are:	the	ConiCeT	research	institutes,	institute	of	genetic	engineering	and	
molecular	Biology	(ingeBi),	Center	for	studies	on	photosynthesis	and	Biochemistry	(CefoBi),	
the	inTa’s	Castelar	Biotechnology	institute,	the	universities	of	Buenos	aires,	Cordoba,	la	plata,	
mendoza,	rosario,	san	martin	and	Tucumán.	The	local	businesses	that	are	particularly	impor-
tant	include	indear	and	the	agricultural	division	of	Bio	sidus.		

86.	argentina	is	the	country	with	the	highest	number	of	active	researchers	in	latin	america	
(3.4/1	000	active).	see,	prosperar,	2009.

87.	Market Review: Plant Biotechnology in Argentina,	agrivalue	sa,	2007.

88.	Based	on	data	collected	during	a	survey	in	2000	by	the	isnar	on	institutions	and	research	
organizations	in	latin	america,	it	was	found	that	argentina,	even	then,	was	the	country	with	
the	highest	number	of	applications	of	biotechnology,	genetic	engineering,	micropropagation	and	
different	 techniques	of	molecular	markers	 (Market Review: Plant Biotechnology in Argentina,	
agrivalue	sa,	2007).

89. san	luis,	Arcor and Georgalos Foods (prosperar,	2009).

90.	instituto	nacional	de	semillas	(national	seed	institute).

91. Comision	nacional	asesora	de	Biotecnologia	agropecuaria	(national	advisory	Committee	on	
agricultural	Biotechnology).

92. servicio	nacional	de	sanidad	y	Calidad	agropecuaria	(national	service	of	health	and	agri-
cultural	Quality).

93.	national	direction	of	agricultural	food	markets.

94.	instituto	nacional	de	semillas	(national	seed	institute).

95.	The	food	sector	accounts	for	52%	of	export	revenues	and	employs	37%	of	the	workforce	
in	 the	 country	 	 (2005-2015 Agricultural Biotechnology Development Strategic Plan,	ministry	
of	economy	and	production,	department	of	agriculture,	livestock,	fisheries	and	production).
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96. The	current	guidelines	for	labeling	provides	for	the	evaluation	of	the	characteristics	of	the
final	product	without	investigating	the	production	process.

97. see	note	10,	Chapter	2.

98. The	regulation	of	the	intellectual	property	rights	in	argentina,	unique	and	characteristic	of
the	country,	is	based	on	the	law	with	the	upov-78,	which	protects	the	right	of	the	farmers	to
conserve	and	replant	seeds	and	they	are	also	exempted	from	more	detailed	explanations	on
their	use	of	them.

99. after	 several	 incidents	 of	 illegal	 trade	 of	 rr	 soybean	 varieties	 developed	 by	monsanto,
and	the	equally	numerous	unsuccessful	appeals	to	the	argentine	judicial	system	that	the	level
of	control	for	the	remuneration	of	royalties	be	raised	so	that	a	patent	could	be	granted	to	the
plant	species	developed,	monsanto	has	announced	that	the	new	rr	soybean	varieties	will	be
introduced	in	2011	only	in	Brazil	and	paraguay.	furthermore,	in	2005	legal	actions	were	once
again	undertaken	by	monsanto	also	in	europe	against	soya	shipments	by	ship	that	were	not
authorized.	in	this	case,	however,	the	outcome	was	not	successful.

100. 2005-2015 Agricultural Biotechnology Development Strategic Plan,	ministry	of	economy
and	production,	department	of	agriculture,	livestock,	fisheries	and	production.

101. The	main	exponents	of	 the	various	activities	 related	 to	biotechnology	 in	argentina	were
asked	to	participate	at	12	thematic	round	tables	for	the	preparation	of	the	plan,	in	order	to	make
their	expert	contributions	and	promote	a	more	rapid	acceptance	of	the	contents	presented	in	it.

102. mergen,	d.,	Argentina Biotechnology – 2010 Annual Biotechnology Report,	gain	report,	
usda	foreign	agricultural	service,	2010.

103. see	note	3,	Chapter	2.

104.	secretariat	of	agriculture,	livestock,	fisheries	and	food.

105. United Nations Environment Program – Global Environment Facility.

106. 64%	of	the	people	interviewed	said	they	had	heard	about	biotechnology	in	agriculture,	but
were	confused	and	unsure	about	its	exact	meaning	(usda	foreign	agricultural	service,	2010).

107. 94%	 of	 the	 population	 expressed	 the	 wish	 that	 the	 government	 would	 provide	 more
precise	information	on	the	risks	and	benefits	associated	with	the	use	of	biotechnology	in	the
agri-food	sector	(gain	report,	usda	foreign	agricultural	service,	2010).

108. on	the	subject,	there	are	already		both	institutional	and	informal	initiatives,	and	in	this
respect	it	should	be	mentioned	that,	in	2004,	the	government	of	argentina	placed	“Biotechno-
logy”	as	a	compulsory	subject	in	schools.	Teachers	themselves,	however,		not	having	any	de-
tailed	knowledge	on	the	subject,	were	not	able	at	first	 to	put	 into	practice	 the	 teaching	and
thereby	implement	the	government’s	decision.	The	national	association	of	nonprofit	biotechno-
logy,	argenbio,	therefore	worked	voluntarily	for	the	organization	of	a	training	course	and	for	the
reference	of	the	educational	material,	which	was	then	offered	free	of	charge	to	schools	across
the	country.	Today,	more	than	10,000	teachers	have	attended	the	appropriate	training	course
and	the	number	continues	to	grow	(gain	report,	usda	foreign	agricultural	service,	2010).

109. regarding	this,	see:	simpson,	a.J.g.	et al.,	The Genome Sequence of the Plant Pathogen
Xylella Fastidiosa,	in	“nature,”	406,	pp.	151-57,	2000	(The	Xylella	fastidiosa	Consortium	of	the
organization	for	nucleotide	sequencing	and	analysis,	são	paulo,	Brazil);	Brazil’s	biotech	boom,
in	“nature,”	466,	issue	n.	7304,	15	July	2010.

110. CremaQ,	piauÍ,	The Miracle of the Cerrado. Brazil Has Revolutionized its own Farms. Can 
it Do the same for Others?,	in	“The	economist,”	aug	26th	2010.

111. Global Status of Commercialized Biotech/GM Crops,	isaaa,	2010.

112. an	expert	from	emBrapa	we	interviewed	for	the	preparation	of	this	document	has	poin-
ted	out,	 in	 the	case	of	 soybeans,	 there	are	programs	dedicated	 to	 improving	 the	 traditional
soybean	that	go	hand	in	hand	with	programs	to	improve	the	genetically	modified	soybean;	there
are	also	similar	programs	for	other	products	and	other	crops,	such	as	rice.	emBrapa	tends	to

try	to	carry	out	parallel	programs	to	improve	the	techniques	and	both	non-gm	and	gm	crops,	
for	its	role	as	a	public	company,	which	must	-	in	essence	-	offer	both	options	to	local	producers.	
in	general,	the	focus	of	emBrapa	in	the	development	of	non-gm	plants	is	no	less	than	that	
given	to	transgenic	variants.

113.	for	an	in-depth	discussion	of	the	points	of	interest	related	to	research	in	Brazil	in	the	field
of	 agricultural	 biotechnology,	 also	 see:	State of the Brazil’s Plant Genetic Resources	 (2009),	 a
report	elaborated	by		emBrapa	and	the	fao	as	a	supporting	document	for	the	preparation	of
the	Second Report on the State of the World’s Plant Genetic Resources for Food and Agriculture;
Generation, Adaptation and Adoption of Appropriate Biotechnologies in the Latin America and the
Caribbean Region: Concrete Actions for the Near Future,	a	background	paper	for	the	aBdC-10	fao
Conference,	2010;	ruane,	J.,	a.	sonnino,	The Role of Biotechnology in Exploring and Protecting
Agricultural Genetic Resources,	fao,	2006;	stands,	g.J,	n.	Beintema,	Public Agricultural Research
in Latin America and the Caribbean,	asTi-ifpri-idB	synthesis	report,	march	2009;	Agriculture
for Development. World Development Report 2008,	world	Bank,	pp.	158-179,	2008;	da	silveira,
J.m.,	i.	Carvalho	Borges,	An Overview of the Current State of Agriculture Biotechnology in Brazil,
university	of	Campinas,	Kennedy	school	of	government,	2005;	Tropical Agriculture: Brazil building
the future,	emBrapa,	2007;	Cardoso	Costa,	m.g.,	a.	Xavier,	w.	Campos	otoni,	Horticultural Bio-
technology in Brazil, International Society for Horticultural Science,	november	2006.

114.	one	of	 the	experts	of	emBrapa	we	 interviewed	 for	 the	preparation	of	 this	document
stated	that	important	agreements	are	currently	being	defined	with	China	for	access	to	China’s
wild	soybean,	that	seems	able	to	resist	some	diseases	of	the	plant	in	an	optimal	way,	which	is
very	important	for	the	Brazilian	agricultural	context.	The	agreements	should	lead	to	the	use	of
this	wild	variation	in	the	development	of	breeding	programs	aimed	at	the	selection	of	Brazilian
variants	of	soybean	resistant	to	local	biotic	stresses.

115.	 in	relation	to	public	policy	and	regulation	 in	Brazil,	also	see:	 	Beintema,	n.,	f.	avila,	C.
fachini,	Country Note on Brazil: New Developments in the Organization and Funding of Public
Agricultural Research,	asTi-ifpri,	october	2010;	da	silveira,	J.m.,	i.	Carvalho	Borges,	An over-
view of the Current State of Agriculture Biotechnology in Brazil,	university	of	Campinas,	Kennedy
school	of	government,	2005;	Carvalho	Borges,	i.,	J.m.	da	silveira,	m.	fonseca,	The Building of
an International Regulatory Framework to Agricultural Biotechnology,	2010;	revista de política
agrícola. Journal of Agricultural Policy published by the Secretariat of Agricultural Policy – Ministry
of Agriculture, Livestock and Food Supply,”	year	XiX	–	special	edition	for	mapa’s	150th	anniver-
sary,	July	2010.

116.	in	regard	to	this,	an	expert	of	emBrapa	we	interviewed	for	the	preparation	of	this	do-
cument	pointed	out	 -	 through	 the	 foundations	on	a	 regional	 level	 –	 that	emBrapa	creates
partnerships	aimed	at	supporting	part	of	the	financing	needed	for	technology	transfer	related
to	the	new	varieties	of	plants	(both	transgenic	and	non-gmo).

117. Consider,	in	this	regard,	the	recent	agreement	signed	between	emBrapa	and	syngenta	on
the	joint	development	of	innovative	solutions	in	reference	to	corn,	cotton	and	soybeans.

118.	with	 regard	 to	 this,	also	see:	marques,	r.,	C.	gonçalves	neto,	The Brazilian System of
Innovation in Biotechnology: A Preliminary Study,	in	“Journal	of	Technology	management	&	in-
novation,”	2007.

ConClusions

1. more	than	80%	of	the	area	cultivated	with	gmos	sees	the	use	of	seeds	that	have	traits	of	
tolerance	to	herbicides.

2. it	should,	however,	be	noted	that	transgenic	traits	specifically	designed	to	optimize	the	yield
of	biofuels	are	not	commercially	available.
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