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Agriculture faces serious challenges in the
years ahead — from a rapidly growing global population
that needs to be fed, to challenges from climate change and
the demand for a more sustainable production. This will put
an increasing strain on the world’s food and water supply, the
 availability of arable land and the preservation of biodiversity.
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The technologies offered by crop science
and genetic engineering have a long history of
 improving agricultural production and will play a critical role in
 addressing the challenges of today and tomorrow. Genetically
modified (GM) crops are not the only answer, but their potential
to reduce inputs like land, water, energy and pesticides and at
the same time increase yields, makes them an attractive option
for sustainable and productive farming.

For 17 years GM crops have been increas-
ingly cultivated and consumed world-wide. Concerns
about possible negative effects on health and the environ-
ment have proven to be unfounded. The commercialisation of
biotech crops started in 1996. In 2012, 17.3 million farmers
planted GM crops on 170.3 million hectares around the
world. Scientists, political leaders and farmers have become
increasingly vocal in calling for rational debate based on
 scientific data and years of practice in the field.

This guide serves as an overview of the global experience of
agricultural biotechnology and provides fact-based informa-
tion to policymakers, journalists and the wider public. 
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Agricultural productivity is back on the
 political agenda and there is a pressing need for new
technologies in agriculture to help those at the sharp end of
the global food challenge. Developed and developing
 countries both need all available tools to increase productivity
and help fight global food insecurity, while minimising
 negative impacts on the environment.  
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FARMERS AROUND 
THE WORLD

An inspirational smallholder
farming experience

Name: Rosalie Ellasus 

Profession: Maize and rice farmer 

Country: The Philippines 

Background: First generation farmer, graduated the Integrated Pest
Management – Farmers School (IPM-FFS) government programme.

Challenges: Repeated buyer rejections of maize affected by mites,
 disease and fungi producing toxins.

Opportunities: After visiting a GM demonstration farm of Bt maize in
Sta. Maria, Pangasinan, Rosalie held a Bt/non-Bt maize demo on her
own farm. Seeing the good results, she started growing stacked trait  
– insecticide and herbicide resistant maize.

“I gained tremendous benefits such as
greater yield of higher quality, less

monitoring in the occurrence of
pest and diseases, cut spraying
of insecticides, minimal tillage,
less application of fertilizers,
 easier management, thus resul-
ting to more profitable farming.”
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Quick facts QUICK FACTS
ABOUT 
GENETICALLY 
MODIFIED
ORGANISMS 
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What is genetic 
modification (GM)?

Genetic modification is a technology used to improve plants
in a more precise way than conventional breeding. It means
that existing genes are modified, or new genes included, to
give plant varieties desirable characteristics (traits), such as
resistance or tolerance to certain pests or herbicides, or
higher tolerance to drought conditions.

Because only a few genes with known traits are transferred,
GM methods are faster and more targeted than traditional
breeding. They are used alongside conventional plant
 breeding.
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Why do we need to 
“improve” plants?

Genetic modification allows scientists to help farmers
 improve yields by adapting plants to certain conditions. 
For example, GM maize can better resist the European corn
borer, a pest that can cause serious damage to maize crops.
The pest increasingly affects European fields and cannot be
easily addressed with conventional means. Current GM crops
and new drought-tolerant varieties help improve the field
 performance of crops. Additional useful traits, such as
 healthier oil composition, are entering the market quickly.

Swiss national 
research 
programme

Based on long term
 observations and many
 scientific studies, no negative
health effects from commer-
cially used GM Crops are
 verifiable.
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Are GM crops safe for
health and the environment?
Yes. All GM crops that are currently on the market have
proven to be safe. GM products all have to go through a rig-
orous safety assessment by a competent authority. In the EU,
this role is carried by the European Food Safety Authority
(EFSA).

In 2000 and 2010, the European Commission released two
reports that cover 25 years of research on potentially harmful
effects of GM crops or food on human health or the environ-
ment: “A decade of EU-funded GMO research (2001-2010)”
and “EC-Sponsored research on safety the genetically
 modified organisms (1985-2000).”

These reports concluded that,

“The use of more precise
technology and the greater
regulatory scrutiny probably
makes GMOs even safer than
conventional plants and
foods.” 1

and

“[T]here is, as of today, no
 scientific evidence associating
GMOs with higher risks for the
environment or for food and
feed safety than conventional
plants and organisms.” 2
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Werner Arber
President of the 
Pontifical Academy 
of Sciences 

Our Academy concluded that
 recently established methods of
preparing transgenic organisms
 follow natural laws of biological
 evolution and bear no risks
 anchored in the methodology 
of  genetic engineering.

Main source:
James, C. 2012. Global Status of
 Commercialized Biotech/GM Crops:
2012. ISAAA Brief 44-2012: Ithaca, NY

GM Worldwide

A record 17.3 million farmers grew GM crops in 2012, up from
16 million farmers in 2011. Over 90% were  resource-poor
farmers in developing countries. Worldwide, 170.3 million
hectares were planted with GM crops in 28 countries 
– a 100-fold increase since they were introduced in 1996.
This is more than the total number of farmers in the EU and
more than the entire arable land in the EU.

How many farmers plant
GM worldwide? 
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The top ten countries planting GM crops each grew more
than 1 million hectares in 2012: 

In 2012 for the first time developing countries grew more
GM crops than industrial countries.

Brazil, for example, has dramatically expanded its planting
of GM crops and has experienced the largest increase of
biotech crop area in any country. The high GM adoption
rates contribute to Brazil’s self-sufficiency and to meeting
the high domestic and export demand. 

Which countries are 
the leaders in GM crop
 cultivation?

USA
69.5

Brazil
36.6

Argentina
23.9

Canada
11.6

India
10.8

China
4.0

Paraguay
3.4

Pakistan
2.8

South Africa
2.9

Uruguay
1.4
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The main GM crops in terms of hectarage are soybean,
maize, cotton and rapeseed (canola). Other GM crops that
have been approved and grown around the world include
sugar beet, alfalfa, papaya, squash, poplar, tomato, banana,
sweet pepper, potato, rice and various ornamental flowers.

Which GM crops are
grown around the world?

Technology is clearly central to 
increasing productivity in a way that
ensures sustainability in a more
 equitable way (…). Biotech is of
course a big part of that. 
Genetically modified organisms 
are part of biotechnology, and
 certainly have enormous potential.

Daniel Gustavson
Deputy Director General,
UN Food and Agriculture
Organisation (FAO)
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SOYBEAN: 81% 
93% in the US, 100% in Argentina, 88% in Brazil

COTTON: 81% 
94% in US, 93% in India, 80% in China

MAIZE: 35% 
88% in US, 75% in Brazil

CANOLA: 30%
93% in US, 97.5% in Canada

Global adoption rates 
for GM crops

In 2012, the global market value of biotech seeds rose by
10% from 2011 to reach $14.84 billion. This represented 
35% of the $34 billion global commercial seed market.

Biotech market by crop

Maize 56%

Soybean 32%

Cotton 9%

Canola 3%

Total = $14.84 billion

2012
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Most of the GM crops grown commercially today have im-
proved traits for herbicide tolerance (59%), insect-resistance
(15%), or both (26%). Other GM traits aim at disease
 resistance, drought tolerance, health or nutrition benefits,
longer shelf life or more efficient industrial use.

Which improvements are
the most common?

17
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Why are farmers planting
more GM crops worldwide?

Higher
yields

Soil 
preservation

Less time spent
on crop walking
and/or insecti-
cide application

Less risk of
yield loss when
experiencing
drought stress Higher 

farm 
income

Easier adoption of
no/reduced tillage
practices, which
save time and
equipment usage

Improved quality
(e.g., lower levels
of mycotoxins in
GM insect-
 resistant maize)

Increased 
management 
flexibility

Less spraying
due to improved
weed and pest
control
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Who are the new developers?

Rise of China, India, Brazil and other emerging nations

Public institutions and Public Private Partnerships (PPPs)

What is being developed?

First generation: insect resistance and herbicide 
tolerance 

Next generation : nutritional value, stress tolerance, 
disease resistance

New crops: emphasis on crops for developing world

New traits: climate change mitigation and adaptation 

New techniques 

A promising R&D pipeline

Owen Paterson
UK Environmental 
secretary

The next generation  
of GM offers the most
wonderful opportunities 
to improve human health.
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What traits?

Tolerance to biotic and abiotic stresses 
(cold-, drought-, salt-tolerance)

Nitrogen use efficiency

Fertility control

Improved grain quality 

Modifications in oil, sugar, starch content 
(such as high oleic soy with fewer trans fats)

Protein quality and amino acid composition

Vitamin content 

Nutritional quality

Flavour and postharvest quality

Reduced allergenicity

Grain processing

Amylase for ethanol production

A promising R&D pipeline
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Europe

STATUS OF
GM CROPS,
FOOD AND
FEED IN
EUROPE
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All GM plants used for food or food ingredients, feed, fibre
and fuel must undergo a rigorous review of their safety as
part of the authorisation procedure before they can be put on
the market.

In the EU, this task is carried out by the European Food
Safety Authority (EFSA), whose panel of independent scien-
tific experts cooperates closely with national authorities on
food safety. The safety of GM crops is assessed at two levels:
the way they are produced and their specific new characteris-
tics resulting from genetic modification. The goal is to ensure
that the GM product is at least as safe for human and animal
consumption and for the environment as its conventional
counterpart.

How is the safety of GM
products assessed in the EU?

Prof. Anne Glover
EU Chief Scientific 
Advisor

Whether you talk about stem cells,
GM technology or whatever it is, the
evidence is there. What people are
not clear about is when and why
they dismiss the evidence and make
 decisions on the basis of a
 philosophical or ethical viewpoint,
whatever that might be.
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▼

▼

▼

▼

Specific GMO legislation outlines the approval process and
guarantees that all GM products placed on the EU market are
as safe as their conventional counterparts. 

1. Risk assessment is done on 
a case-by-case and step-by-step basis.

2. When EFSA has completed the environmental, human 
and animal health safety assessment, its scientific opinion 

forms the basis of a Draft Decision to be proposed by 
the European Commission.

3. Member States vote on the European 
Commission’s proposal.

4. Once released, GMO’s are subject to  monitoring, 
traceability and labelling: monitoring plans need to be 

approved prior to marketing the product. 
Traceability is ensured by labelling and administrative 

records throughout the food chain.

5. Public information: Information is provided to the public
throughout the approval process. 

With this regulatory framework in place, GMOs are one of the
most assessed food products in history. Other widely-
 consumed products, like coffee, might not receive market
 authorisation if assessed in a similar way. Still, people continue
to consume coffee because the benefits from drinking
 outweigh the (perceived) risks. 

What is the approval process
for GMOs in the EU?
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As of May 2013, a total of 48 GM crops were approved for
import and processing and/or for food and feed in Europe. 

More than half of those crops were types of GM maize. Other
crops included soybean, rapeseed, sugar beet and cotton.

Which GMOs can be
imported into the EU?

25
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Only two GM crops have been approved for cultivation in
 Europe and just one one – the insect-resistant Bt maize
MON810 – is currently being grown in some parts of Europe.
It was first approved in the EU in 1998 and helps fight off
 insect pests. Several Member States have issued legally
questionable bans on cultivation of one or both of these
crops approved at EU level. Several of these bans have been
succesfully legally challenged in the European Court of
 Justice. Farmers outside the EU are allowed to grow many
more varieties. 

Which GMOs can be
cultivated in the EU?

26

Costs for applicant companies
arise mainly from the large
number of studies required
and vary from €7 million to
€15 million per crop.3

{
{
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Sources: 
James, C. 2012. 
Ministry of Agriculture, Spain 2013

Planting statistics
for EU countries

Spain
136,962 hectares Bt MAIZE

Portugal
9,278 hectares Bt MAIZE

Czech Republic
3,080 hectares Bt MAIZE

Romania
217 hectares Bt MAIZE

Slovakia
189 hectares Bt MAIZE
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Spain is the EU leader in planting GM maize. 
It grows Bt maize resistant to the corn borer
plague that can cause losses of up to 30% of 
the total crop. In 2013, GM maize accounted for
32% of the total maize grain sold in Spain
throughout the year.4 Official data for 2013 from
the Ministry of Agriculture showed a  historical
record of 136,962 cultivated hectares 
– up 18% from 2012.5

Thanks to the cultivation of Bt maize, Spanish farm-
ers achieved an additional gross margin of over
€11 million in 2012. This means an additional €95
per hectare, according to a 2012 study published
in the Spanish Journal of Agricultural Research.6

Reaping the benefits of
 growing GM maize in Spain
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Labelling is mandatory within the EU for all food and feed
products consisting of, containing, or obtained from GM
plants when this makes up more than 0.9% of the GM ingre-
dient. This allows consumers to make an informed choice, as
long as the choice to buy such products is offered by
providers. Products derived from animals fed with GM feed 
– a common practice in the EU – are not labelled. The 0.9%
threshold was determined by politics and has no foundation
in any scientific finding or fact. 

In countries where GM cultivation is allowed, farmers have
the choice to grow either organic, GM or conventional  
crops so long as co-existence measures are adhered to. 
Co-existence measures have been very effective. 
For example, Spain has successfully been growing GM maize
together with  conventional and organic crops for 15 years.
Simple, effective and science based co-existence measures
allow Spanish farmers to benefit from whatever technology 
or production method best fits their needs.

How is choice for consumers
and farmers guaranteed? 
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Some survey results and questions are misleading. Questions
that ask people to quantify “how worried they are” about a
technology obviously record high levels of concern. A recent
Swedish meta-survey found that many European surveys on
biotechnology focus too much on risks.7 Reliable public
 opinion pollsters do not use such misleading methods; they
ask people to rank their concerns instead of indirectly suggest-
ing what those concerns might be.

Eurobarometer did this in 2010, asking 16,000 Europeans: 
“… in your own words, what are all the things that come to
your mind when thinking about possible problems or risks
 associated with food and eating?” Only 8% of Europeans
 spontaneously say they are worried about GM in food.8

Moreover, a 2013 study from Germany found that the young
generation is much more open and positive towards GM
 technology than the older generations.9

Questions on GMOs asked in a vacuum are inefficient to gauge
public opinion. Another Eurobarometer survey from 2006 on
biotechnology found that people are more willing to buy GM
products if they deliver certain benefits like price incentives,
less pesticide residues or healthier food.10

A large percentage of people recognise that there are benefits.
According to a 2010 Eurobarometer survey on agriculture, 
77% of  Europeans agreed that the EU should encourage its
 farmers to take advantage of biotechnology in agriculture.11

Many polls suggest a low level of knowledge about GM
food. A consumer is much more cautions when lacking direct
experience or verifiable evidence. In one recent survey, 34% of
Europeans found a clear deficit of information on GMOs; this
means that many have yet to form their final opinion on the
subject.12

What do Europeans 
think about GM?
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The EU Research Project CONSUMERCHOICE looked at the
actual purchasing behaviour of consumers when given the
opportunity to choose between GM and non-GM foods. The
project found that the responses given by consumers when
prompted by questionnaires about GM food were not a
 reliable guide to what they actually did when shopping in
 grocery stores. In fact, it concluded that Europeans do buy
GM-foods when they are physically present and labelled
on the shelves.13

Consumer purchasing
behaviour
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Young farmers embrace
 innovation

FARMERS AROUND 
THE WORLD

Name: Felipe Gatto 

Profession: Soybean farmer 

Country: Brazil

Background: Felipe is one of a new group of young, well-educated
 farmers that are rejoining their family farms in Brazil. His generation
looks to agricultural advances from the plant science industry to keep
their farms productive and sustainable so that their children too can
 experience the passion of farming on the Brazilian plains.

Challenges: Weed pressure.

Opportunities: 20% of the soybean crops at his farm has been
 developed through biotechnology. Especially important are herbicide
 (glyphosate) resistant  soybeans.

“Since glyphosate effectively destroys
various weeds without affecting the

soybean crop, we have over the past
three years rotated small plots to
reduce weed pressures”

32
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Trade

GM CROPS
AND TRADE
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We import what we cannot or do not grow enough of on our
soil. The EU is the world’s biggest importer of agricultural
commodities. A substantial and increasing part of these is
based on GM crops. 

European import dependency is particularly high for soybean
where EU domestic production covers only 7% of the
 demand. Soybean is one of the best sources of protein and is
predominantly used to feed farm animals, while soy lecithin is
used in many processed food products. For cotton, we
 depend almost entirely on imports as finished products. 

Why does the EU import 
GM crops?

Owen Paterson
UK Environmental 
secretary

Europe benefits hugely
from the GM crops grown
in the rest of the world.
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EU 27 main agricultural
imports

Maize 1 542

Colza seeds 1265

Food preparations 1223

Poultry meat 1036

Bovine meat, 
boneless 998

Coffee
8 389

Soya-bean meal 6 422Soya-beans 4 732

Cocoa 
beans 3 695

Bananas
2 854

Crude palm
oil 2 805

Tobacco
1 923

Wine of fresh
grapes 1 663

Raw cane 
sugar 1581

TOTAL IMPORT:
€98 BILLION

SELECTED PRODUCTS:
TOP 14 CATEGORIES,

42% SHARE

Figures given in million euros
Source: DG for Agriculture and Rural Development (2012).
Agricultural trade in 2011: the EU and the world. 
European Commission
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In the EU’s main importing partners – North and South
 American countries – GM is now the standard for several
traded commodities, because farmers choose to grow these
GM varieties.  Brazil heads the list of Europe’s suppliers,
 followed by the USA and Argentina. It is increasingly costly 
and challenging for actors along the food and feed value chain
to buy certified non-GM or GM-free shipments of certain
 commodities, especially as this segregation is not motivated
by any objective health or safety concerns. As a consequence,
major retailers have now ended their GM-free feed policies 
for poultry.14

Does it have to be GM?
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Despite its import dependency, in the EU there are obstacles
to trade which have already resulted in trade disruptions and
higher prices for key agricultural commodities. The EU’s
 authorisation system is much slower than those in place in
 exporting countries. Even after product safety is confirmed,
many months are lost in administrative processing before a
variety is approved for import. As a result, shipments thought
to contain traces of unapproved GM crops in the EU are sent
back to the countries of origin. The overall related cost to the
European economy of these trade incidents could total up to
€9.6 billion per year according to a report published by the
European Commission.15

The approval delays are not a matter of safety – after all,
the crops waiting for authorisation in Europe have under-
gone a rigorous safety assessment at EU-level and most
of them have been approved in a number of third countries
which follow similar safety assessments. 

The lack of timely implementation of EU policies on
biotech crops makes predictions about authorisations
 extremely difficult. Without predictability in Europe, the food
industry, commodity traders and livestock farmers will face
even greater challenges in the future.

How does EU regulation
 affect trade?
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It is difficult and costly to distinguish different varieties of the
same crop, when these are shipped and processed. As with
all aspects of agriculture, 100% “purity” is impossible to
achieve. Just as there may be a grain of sand on a lettuce,
there may be “low level presence” of a given GM variety in a
commodity shipment. If this grain turns out to be a variety
that is not yet authorised in the EU, the entire shipment is
technically illegal and not allowed to enter the EU. 

This “zero tolerance” principle maintained by the EU is at
odds with the reality of a fast growing number of different
GM varieties on the world market. 

What is “zero tolerance” 
and why it is not realistic?

There are approx. 2500 individual
authorisations for GM products by
various governments across the

world. In Europe, this number is 48,
while as many as 74 GM crops

 products are waiting for approval in
the EU authorisation system. 

{
{
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The EU should process applications more efficiently, in line
with the timelines foreseen in its own legislation and the
 expanding world-wide GM adoption. “Technical solutions”
for food and seed containing low-level presence of GM
 material not yet approved in the EU need to be introduced for
more legal certainty on the implementation of the “zero
 tolerance” principle. The EU should engage in ongoing inter-
national cooperation to find sustainable solutions to the “low
level presence” of demonstrated safe but not yet authorised
GMOs in imports of key commodities.

What are the solutions?

Jack Bobo
Senior adviser on biotech
to the U.S. Department 
of State

The European livestock industry
runs on genetically engineered feed,
and GM organisms are widely used
in cheese, wine and beer. Let's
make sure we provide all the
 information, which includes saying:
‘look you've been eating beer, wine
and cheese for all this time and
you're doing fine’.
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Food security

GM CROPS
AND FOOD
SECURITY
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Close to one billion people are chronically hungry and up to
two billion lack food security intermittently due to varying
 degrees of poverty. The latter do not always have enough
money to buy sufficient quality and nutritious food, or if they
are subsistence farmers, they may not harvest enough every
year to adequately feed their families. Recent figures show
that globally there is a reduction of people suffering from
hunger and malnutrition; however, the challenge remains, as
more people leave the rural areas to settle down in the city
where they rely on surplus of farm production. 

How big is the threat of
global food insecurity?

Maciej J. Nalecz
UNESCO Director 
of Basic Sciences

Biotechnology is an obvious
choice for Africa to start investing 
in R&D. It offers not only exciting
 research possibilities, but almost
endless applications that are 
crucial to development.
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There will be nine billion people on our planet in 2050.
 Consumption patterns are changing with an increasing
 demand for meat. To meet this demand, we need to double
food production in the developing world. The UN Food and
Agriculture Organisation (FAO) estimates that global food
supply must increase by 70%. At the same time, we need to
avoid the over cultivation of agricultural land and protect our
environment: 30% of global land is already degraded and
 climate change has already made farmers in developing
countries lose 10-25% of their productivity.16

Why do we need to produce
more and better?

More food must be
produced on less land (FAOSTAT)

1960 1980 2000 2020

3.0 billion 4.4 billion 6.0 billion 7.5 billion

Population in billions

Arable land per    person (hectares)

4.3

1980

3.0

2.2
1.8
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80% of the required food production increase will have to
come from intensification in the form of yield increases and
higher cropping intensities. At the beginning of 2013, 80 agri-
cultural ministers signed a communiqué that emphasised the
need for “sustainable agriculture, and its intensification”.17

This means growing more with less: less land, less input,
less water and less energy. Making use of modern biotech-
nology is one way to reduce pressure on these resources. 
For instance, biotech crops can improve yields while using
land more sustainably: yields can be increased by 6%-30%
on the same amount of land.18

How can GM crops help 
sustainable agriculture?

46
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Realising their potential to improve lives, the biotech industry
and public research centres are studying ways to develop
biotech varieties for important staple crops such as cassava,
bananas, sorghum and maize. 
• The Golden rice project – the vitamin A enriched rice is

close to commercial approval in the Philippines and was
developed to prevent diseases such as blindness, caused
by vitamin A deficiency.19

• BioCassava Plus project – improving the nutritional quality
of cassava, the primary source of calories for over 250 mil-
lion people in Sub-Saharan Africa.20

• Africa Biofortified Sorghum project – developing a more
nutritious and easily digestible sorghum that contains in-
creased levels of amino acids, vitamins, iron and zinc.
Sorghum is the fifth most important cereal crop and the
main dietary staple for more than 500 million people.21

• Water Efficient Maize for Africa (WEMA) – developing
drought-tolerant maize, a staple that more than 300 million
Africans depend on as their main food source.22

Biotech projects for development
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In 2012 for the first time the areas GM crops in emerging and
developing countries exceeded those in industrialised
 countries. More than 90% of the world’s 17.3 million  farmers
growing GM crops were resource-poor farmers in
 developing countries growing on small farms. 51.2% of the
global farm income benefits were earned by developing
countries in 2011, mainly from growing GM soybean and 
GM cotton.23

With GM, more and better adapted new traits can be devel-
oped quickly to suit local farmers’ needs. High performance
seeds can be extremely easily deployed and are a fast and
efficient way to enable farmers in developing countries to
earn a better living. 

How many farmers in
 developing countries
grow GM crops?
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The EU’s reluctance towards the adoption of biotechnology
and towards the import of biotech crops has already had
major  effects on developing countries. This is evident in
terms of EU’s spread   unfounded fears and over cautious
regulatory approach that evokes trade disruptions and
 increases  demand and world food prices. This tends to hit
consumers in the developing countries the hardest.  

How do EU policies on 
GMOs influence developing
countries?

49

Dr. Felix M’mboyi
African Biotechnology
Stakeholders Forum

The affluent west has the luxury of
choice in the type of technology they
use to grow food crops, yet their
 influence and sensitivities are denying
many in the developing world
 accesss to such technologies which
could lead to a more plentiful supply
of food. This kind of hypocrisy and
 arrogance comes with the luxury of 
a full stomach.
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Biotech & the local 
community
Name: Karim Traoré 

Profession: Cotton farmer 

Country: Burkina Faso

Background: Karim has loved agriculture since childhood and believes
that modern agricultural practices will increase farmers’ revenues and
enable them to provide the basic needs, namely health, education and
food for their families.

Challenges: Dry conditions and the need to apply pesticides many
times that involves a lot of physical labour and higher costs.

Opportunities: 30% more cotton grown after using GM cotton and a
 reduction of pesticide applications. He would like to grow GM cereals
that resist drought and disease in the future.

“We experienced a parasite problem
in 1987-1988. This was the year

when people treated their crops
with pesticides up to 18 times.
And since that year, when you
grow cotton, you put it in the
ground and you are worried.
You couldn’t even sleep when
you plant cotton because you
don’t know if you can cope with

the parasites. But with GMOs,
when you plant, now you can

sleep.”

FARMERS AROUND 
THE WORLD

50
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Agriculture uses 70% of the world’s fresh water, occupies close
to 40% of all land (12% for crops and 27% for grassland) and
accounts for 14% of global greenhouse gas emissions.24 

Agriculture has played a significant role in the loss of biodiver-
sity, soil degradation, global warming and water pollution. 

What is the environmental
impact of agriculture?

Land use by agriculture has a tremendous impact on
 biodiversity. At the same time we need to feed a growing
world population on a limited available land and in an
 environmentally friendly way. This will require massive
 investments and the use of all available technologies. 
If greater productivity on existing land can satisfy demand,
then there is less pressure to extend agriculture into addi-
tional natural habitats. GM crops can increase yields by 
6%-30% on the same amount of land, avoiding the need to
plough up land that is currently a haven for biodiversity.

How do increased yields
in GM crops help the 
environment?
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The use of GM crops can reduce greenhouse gas
 emissions associated with the application of fertilisers, 
fuel use and ploughing. 

Since insect resistant biotech crop varieties can protect
themselves from insect damage, fuel use from tractors can
be reduced by less spraying and fertiliser distribution. In
 addition, nitrous oxide, associated with fertilisers, has a very
high global warming potential. 

Herbicide-tolerant crops make it practical for growers to
 control weeds with reduced or no ploughing or tillage. In
 Argentina and the U.S., the use of herbicide-tolerant soybean
crops has reduced the number of tillage operations by up to
58%.25 No-till or low-till practices contribute to better carbon
sequestration by carbon-enriched soils, while reduced
ploughing can cut CO2 emissions by saving on fuel
 consumption. 

What impact do GM crops
have on climate change?

Emissions have already been
 massively reduced in US
 agriculture since 1980 for

maize (-36%), cotton (-22%)
and soybeans (-49%).26

{
{
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It is estimated that nearly half the world’s population will be
living under severe water stress by 2030. That is why, soil
conserving farm practices, such as low- and no-till
 systems, easily combined with GM cultivation, are important
for more efficient water use by better trapping soil moisture.  

Where farmers need to adapt to water shortages, biotechnol-
ogy can help produce more crops per drop of water. In 
the US, where drought affected major agricultural lands in the
summer of 2012, new drought-tolerant maize is now available,
enabling farmers to produce more food per drop of water.  

How do biotech crops help
reduce water usage?

Main source:
Brookes G & Barfoot P (2013). Key environmental impacts of global genetically
 modified (GM) crop use 1996–2011. GM Crops and Food: Biotechnology in
Agriculture and the Food Chain , 4:2. http://dx.doi.org/10.4161/gmcr.24459 
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• In the period of 1996-2011:
> Farmers saved on plant protection products by 8.9%, 

equivalent to 474 million kg reduction of pesticide 
spraying.

> Fuel reduction accumulated to 5.471 million litres.
• GM crops have helped to save greenhouse gas emissions

 equivalent to taking 10.2 million cars off the roads.
• The United Nations Convention to Combat Desertification

(UNCCD) estimates that by the year 2050, half of the
 current arable land will become unusable.

?
DID YOU
KNOW?
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FARMERS AROUND 
THE WORLD

Reaping the benefits 
in Europe

Name: Maria Gabriela Cruz 

Profession: Maize farmer 

Country: Portugal

Background: Gabriela is a fourth generation farmer in her family farm.
She holds a degree in agricultural engineering and has found ways to
practice sustainable farming.

Challenges: Pests pressure, soil erosion and need for water
 conservation.

Opportunities: Biotech maize copes with high pest pressure and
 reduces the use of insecticides by eliminating 3 applications.

“GM crops are a way to keep farmers on
their land in Europe. If we don’t have

more GM crops, we will become less
competitive and have to import

more food as well as use less
sustainable farming practices.”
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Innovation

GM CROPS AND
INNOVATION

Tabs_Europabio_Tabs_Europabio  27/08/13  13:48  Page13



Tabs_Europabio_Tabs_Europabio  23/08/13  12:57  Page14



59

Agriculture has an enormous impact on the environment and
is central to addressing the challenges arising from popula-
tion growth. That is why, boosting innovation across the
 agricultural system is essential to grow more food with less
impact on the environment. Agricultural biotechnology is well
placed to tackle this challenge. Investing in this technology
has already helped over 17 million farmers around the world.

Genetic modification of plants is one of the tools to intensify
crop production sustainably by using less land, water, and
energy inputs. GM crops used now, and newly developed
 varieties will create more opportunities for farmers to ease 
the sustainable use of resources. 

Why do we need innovation
in agriculture?
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• 3 out of the 6 biggest agricultural biotech companies 
are European.

• The industry’s top 10 companies annually invest about 
$2.25 billion, or 7.5 % of sales into developing new 
products.27

• On average, it takes 13 years and $136 million to bring a
biotech commodity crop to market.28

60

Intellectual property rights (IPRs) ensure that public or private
developers of new technologies are rewarded for their efforts
and investments. This enables them to continue to invest in
new technologies and products. The many economic and
societal gains obtained from biotech innovations are
 therefore highly dependent on an effective IPR system.

As in any high-tech industry, patent systems ensure return on
investment for the lengthy and costly process of research and
development (R&D). New crops that have higher yields and/or
grow with less water are based on unique inventions. In
order for the developer to be able to go the whole way from
inventing to producing and gaining market access, there
needs to be adequate protection of the invention(s) to ensure
the investments made along the way can be recovered at
least in part.

What is the value of IPRs
for the agricultural sector?

?
DID YOU
KNOW?
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Sylvie Bonny
French National Institute 
of Agricultural Research 

The large concentration of firms in
large multinational groups exists in
many sectors, as does the commod-
ifying of new activities; patents have
existed for a long time for many
goods that are sometimes vital.

61

IPR protection boosts advancement and growth of
 agricultural innovation, including biotech, by ensuring the
spread of new inventions. Numerous studies show the link
between IP, R&D, investment and growth. IPRs contribute 
to substantial levels of jobs, tax revenues, GDP growth and
competitiveness.

Continuous innovation in agricultural biotech creates more
opportunities for the sector to address the grand challenges
of society, such as climate change and demographic shift,
while enhancing health and growth. 

The IPR system that protects this continuous innovation al-
lows for the knowledge and science at the basis of inventions
to be shared. By patenting an invention, the inventor is
obliged to disclose all the information about the invention in
writing which is then publicly available. Patents therefore
allow the global scientific pool of information to be enriched
every time a patent is filed. In this way, protecting inventions
through patenting allows sharing of information and
 enables other scientific advances and the development of
 alternative competing products that also benefit humanity.

What is the value of IPR
for the society?
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Both mature and emerging economies increasingly use
patent systems to facilitate biotech R&D and commercialisa-
tion. Collaboration between public institutions or universities,
SMEs and large companies is often based on licensing
 agreements whereby a license is granted to the big company
on the IP rights on a patented invention. It is often the big
company that invests in the costly and risky process of
 regulatory approval and commercialisation.

In this way, IPRs encourage collaboration between biotech-
nological entities and enable further R&D. It is not one single
entity, but rather the combination of universities, national
 research institutions in developed and developing countries,
and private large and small companies that are all together at
the forefront of innovation.

Who is at the forefront 
of innovation? 

62
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FAQs

GMO
CONTRO-
VERSIES 
– FAQs
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1. Are GM crops safe for human health
and the environment – do we know
enough about the long term effects?

Yes. There is a broad scientific consensus on the safety of the
GM products placed on the market. Two European Commis-
sion reports covering 25 years’ worth of research on the
 effects of GM crops on health and the environment have
shown no scientific evidence associating GMOs with higher
risks than conventional plants and organisms. More than 
2 trillion meals containing GM ingredients have been eaten
over the last 17 years by hundreds of millions of people
 without one adverse health incident having been reported.   

2. How accountable is the EU approval
process of GMOs?

The safety assessment and approvals process is rigorous and
prescribed by law. Any GM foods and feeds intended for sale
or cultivation in the EU are subject to a safety assessment
which is undertaken by independent scientists from the
 European Food Safety Authority (EFSA). However, the final
decision for authorisation rests with the EU Member States
that vote on European Commission proposals.
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3. Why do GM crops have patents?

Agricultural innovation plays a key role in driving long-term
agricultural productivity, rural development and environmental
sustainability by encouraging new solutions. For this reason,
innovation needs to be supported and protected by Intellec-
tual Property Rights (IPR), of which patents form the corner-
stone. 

The protection of regulatory data and confidential business
 information for biotechnology inventions is important to
 support the development and innovation process. Then, after
a patent is granted, the information on the product and the
technology behind it becomes publicly available and enables
new scientific advances to develop alternative products. The
plant science industry is one of the world’s most intensive
sectors for research and development (R&D). It ranks in the
top four global industries in terms of percentage of sales
 invested in R&D.

4. Are biotechnology companies the main
beneficiaries of GM technologies?

Farmers get a direct profit (12%-21% on average) from
 growing GM crops via higher yields and less pesticide
 spraying. A recent study shows how much GM crops have
benefited farmers throughout the world. From 1996-2011,
global income gains for farmers from biotechnology were
$98.2 billion. 19.8 billion of this was in 2011 alone resulting in
an extra $130 per hectare for biotech growers in 2011.29 In
Europe, Spanish farmers growing biotech maize achieved an

66
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additional gross margin of over €11 million in 2012. This
translates to an  additional gross margin of €95 per hectare.

Today, the areas planted with GM crops in emerging and
 developing countries exceed those of industrialised countries.
Over 50% of biotech crops are grown in developing countries.
90% of all biotech crops are cultivated by small, resource-
poor farmers. Of the 28 countries growing biotech crops in
2012, 20 were developing nations.

Why do 17.3 million farmers choose to plant these crops on
170 million hectares worldwide in 28 countries? Because they
benefit from the technology.

5. Are GM plants fertile, or do farmers
have to buy new seeds every year?

All GM plants commercialised so far are as fertile as their con-
ventional counterparts. Nevertheless, GMO opponents have
claimed that companies plan to use Genetic Use Restriction
Technologies (GURTS) — or so called ‘terminator’ technology
— to prevent farmers from planting saved seed in the follow-
ing season. This has now become something of an urban
myth that “terminator” seed is being sold.

There are no such crops in the marketplace. Note that GURTS
and hybrid seeds should not be confused. Already, many
farmers, particularly in developed countries, prefer to buy new
seed each year because it produces better yields. In the case
of some hybrid crops such as maize and many vegetables,
buying new seed is preferable, as the harvested crop does
not breed true. This has not prevented hybrid seed dominat-
ing the market, even in developing countries such as India.
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6. Do GM crops really have higher yields?

GM crops allow farmers to protect and preserve yields from
damage from pest and weed pressure. Globally, in the period
of 1996 to 2011 GM crops contributed to the substantial yield
gains of 328 million tons. The increase in yields formed 49%
of the economic benefit of farmers growing biotech varieties.
The average yield increase for maize and cotton for example
has been +10.1% and +15.8% respectively.30

7. Do GM crops help reduce pesticide
 applications?

Herbicide-tolerant and insect-resistant plants account for
more than 95% of the GM crops at present; both contribute
to a reduction in farmer’s application of plant protection
 products. 

An environmental impact assessment from 2013 showed that
the GM technology reduced pesticide spraying in the period
1996-2011 by 474 million kg (-8.9%) of active ingredient and
decreased the Environmental Impact Factor (EIQ) – a simpli-
fied measure of toxicity from pesticides – by 18.1%. In
 particular, for insect  resistant maize the EIQ decreased by
41.7% and the amount of active ingredient by 45.2%; for
 insect resistant cotton the decrease was respectively 27.3%
and 24.8%.

68
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8. Can GM, conventional and organic
crops coexist?

Yes. In Europe, for example, over 15 years of experience with
Bt maize in Spain has shown that farmers can and do
 manage coexistence in practice. A labelling threshold of 0.9%
has been set for GM content in conventional and organic
crops, as long as growers have demonstrated that they have
taken reasonable precautions to prevent inter-mixing. In the
vast majority of cases, measured GM content falls well below
the 0.9% threshold. If not, labelling is required. As long as this
standard can be maintained, coexistence is perfectly possible
and presents no problems.

9. Are insect resistant crops toxic to 
‘non-target’ organisms, like butterflies?

There is mounting evidence that shows that GM crops have
no significant adverse effects on non-target organisms. Many
studies have confirmed that Bt crops are more specific and
have fewer side effects than conventional pesticides. In fact,
Bt has been used in organic farming as an alternative to
 conventional insecticides for almost 60 years. It is regarded
as highly selective and environmentally friendly. 

Studies on Bt maize, cotton, and rice in have not found any
significant difference in the populations of non-target
 organisms. The Bt technology has even positively affected
surrounding non-Bt crops by reducing the need for pesticide
spreading.31
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One such study found that: 

• Non-target organisms are generally more abundant in Bt
maize fields than in non-transgenic fields managed with
insecticides. 

• Bt crops grown today are more specific and have fewer
side effects on non-target organisms than most insecti-
cides currently used. Bt technology can contribute to
 natural enemy conservation and can be a useful tool in
 integrated pest management systems.32

In fact, numerous spray formulations containing the
 commonly occurring Bt soil bacterium have been used for
more than 40 years for crop protection, including organic
farming operations. However, an additional environmental
benefit of Bt maize, as compared to maize sprayed with
 organic and synthetic insecticides, is that the Bt maize plants
provide  insect protection much more selectively, without the
need for spraying. 

The International Union for Conservation of Nature originally
called for a moratorium on GM crops, but by 2007 had
 resolved that there was “no conclusive evidence of direct
negative impacts on biodiversity of GMOs that have been
commercially released”.33
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