Ten Years of
Biotech Crop Production

Economic, environmental and social benefits

INTRODUCTION

Since the dawn of agriculture 10,000 years ago, almost all of the
plants that we now use for food, feed and other purposes have been
very extensively modified using various hybridization and mutation
techniques. Sophisticated plant breeding programmes resulted in

the “Green Revolution’ that in the 1970’s and 80’s intensified agricul-
tural production to such an extent that it contributed significantly to
preventing starvation in many parts of the world, while, at the same
time permitting large areas of “wilderness” to escape conversion into
cropland’-2, Genetic modification, a tool for plant breeders developed
over the past 30 years, is an important step in the continued evolution
of breeding techniques. It enables new crop varieties to be produced
with desirable traits not achievable using longer-established methods.
However, we should not consider it in isolation, as just being valuable
for agriculture: modern biotechnology is also widely used for health-
care and industrial applications, and the boundaries between these
uses are becoming increasingly blurred.




Economic, environmental and social benefits

ACCELERATING GLOBAL ADOPTION BY FARMERS

GM crop varieties were grown on over 80 million hectares of land in 2004, only nine years after they were first
commercialised3.Eight and a half million of the world’s farmers in 17 countries are choosing them because of the
benefits they deliver: easier management, better pest control, reduced spraying, safety for non-target species
and more consistent yields that provide a more secure food supply. Many citizens of Europe are unaware of this,
because at this time the immediate and direct benefits lie predominantly with the growers.

BENEFITING DEVELOPING WORLD FARMERS

Small-scale farmers in the developing world have at least as much to gain as larger-scale commercial growers.
There are still over 800 million people who are chronically undernourished, and many others whose diet is poor.
Genetic modification can, and is already making a significant contribution towards alleviating this problem by
improving the food security of subsistence farmers and allowing some of them to grow a surplus to trade and
make a return. Today, 90% of farmers planting GM crops are resource-poor farmers from developing countries,
whose increased incomes from GM crops is helping in the alleviation of povertys3.

In the developing world, some GM crops are already contributing to improving the quality of life through yield
enhancements and a healthier farming environment34. White maize for food resistant to insect pests, grown by
commercial and subsistence farmers in South Africa, provides greater food security through improved yields
while allowing a reduction in pest control spraying>. Insect resistant cotton in the same region provides a direct
cost benefit for its growers through more consistent and higher yields, savings in the form of lower requirements
for pesticide but also reduced requirements for water and labours, a benefit experienced particularly by women
and children in rural farming areas. In China, similar benefits are experienced by 7 million farmers growing insect-
resistant cotton on plots of one hectare or less .Sorghum and cassava, the staple foods of more than half a billion
Africans, are being nutritionally improved to give increased levels of protein, vitamins and minerals. This work is
supported by the Gates Foundation as part of their Grand Challenges in Global Health initiative’. Disease- and
pest-resistant plants are also being developed, with drought tolerance being a longer-term goal.

SOCIETAL AND ENVIRONMENTAL GAINS

Meanwhile, the benefits experienced by larger-scale farmers in both industrialised nations and lesser developed
countries are already considerable. Recent research# shows that in the first nine years of GM crop cultivation:
Global net farm income increased by $27 billion (€ 23 billion);
The environmental footprint of farming was reduced by 14%;
This includes a reduction in carbon dioxide emissions in 2004 equivalent to taking nearly five million cars off
the road for a year. Reduced-till agriculture - made much easier by the use of GM herbicide-tolerant crops
- means healthier soil, with reduced erosion and far less carbon dioxide release; and,

Pesticide use fell by over 170,000 tonnes. In 2004 alone this was over 40,000 tonnes, equivalent to more than
30% of total active ingredients used on European arable crops. Because less spraying means fewer tractor
passes, this also contributes to lower CO, emissions.

Insect resistant maize also has an additional health benefit; because fewer insect damaged leaves and cobs
result in much less infection by fungal moulds, there is also a marked reduction in the presence naturally occur-
ring toxins (called fumonisins) produced by these fungi, toxins that are know health risks to animals and that
are associated with human health problemss.



Economic, environmental and social benefits

GAINS FOR EUROPEAN FARMERS

Even though farm experience in Europe is limited, there is also clear evidence here of benefits from insect resist-
ant and herbicide tolerant crops. Spain has been growing insect resistant maize since 1998 and a total welfare
gain of € 15.5 million was estimated during this six year period®. In the Rhine Valley, the use of insect resistant
maize between 1998 and 2002 resulted in an average increase in profit for the farmer of 84 - 93 €/ha compared
to insecticide application or biological control (Trichogramma)0.

In 2005 there were plantings of GM insect resistant maize in five EU countries: Spain (the largest producer
with an estimated 55,000 hectares); Czech Republic; France; Germany and Portugal. Even so, the overall area
of GM crops grown in the European Union remains small and few EU farmers are experiencing the benefits
of this technology. Yet the EU imports considerable quantities of approved GM animal feed ingredients from
the Americas. Twenty nine million tonnes of soy meal were consumed in 2004/05, mostly un-segregated EU
approved GM and non-GM material from the Americas'! and some 6 million tonnes of maize and maize gluten
feed, some from EU approved GM varieties, are imported into the EU on an annual basis.

POSITIVE HEALTH BENEFITS

While the benefits of today’s biotechnology crops are most apparent to growers, increasingly, we will see crops
with direct consumer health benefits. Oilseeds with high levels of omega-3 fatty acids for example, for improved
cardio-vascular health and brain development'2 that are already being tested in research trials, or tomatoes
with enhanced levels of antioxidants that help to protect against certain cancers'3.There is also advanced work
underway to improve oilseed crops that will produce healthier oils, for example, increasing levels of oleic acid e
(a mono-unsaturated fatty acid), to increase levels of beta-carotene to improve diets deficient in vitamin A, to
increase vitamin E and enhanced levels of minerals14.15.16,

—— -

BIO-BASED ECONOMIES CONTRIBUTING TO THE LISBON AGENDA

Moving beyond food, the benefits of agricultural biotechnology to European society can be even more signifi-
cant. Growing modified crops as sources of renewable raw materials (converted to valuable end products by
further bio-processing) makes the sustainable bio-based economy a reality'”. Instead of relying on fossil fuels
for energy and as a source of chemicals, we will harvest plants and process them with enzymes. Bio-fuels and
bio-plastics are already a commercial reality. Using plant genomics and biotechnology to optimize plants to
produce these renewable feeder stocks for the industrial biotechnology sector will play an increasingly impor-
tant role. An example is using oilseed crops to produce biodiesels that contribute to European environmental
sustainability.



As crops for non-food uses become
more widely grown, so will the

demand for agricultural land
increase. Instead of having a sur-
plus of cropland as at present, agri-
cultural land will be at a premium,
and it will be essential to maximise
crop yields to avoid encroaching
on unspoilt countryside. This takes
us full circle back to those traits
so important to the growers, traits

that are already providing efficient
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production with reduced environ-
mental footprints. Here too there
are exciting developments that can
help to achieve sustainable produc-
tion in an environmentally respon-
sible way. Good progress is being
made in modifying crop plants that
will utilise water more efficiently
and are tolerant to drought con-
ditions'8, this will benefit farmers
growing crops in arid areas and will
lessen irrigation needs. Research

Simon Barber, Director, Plant Biotechnology Unit

Email: s.barber@europabio.org

www.europabio.org and www.abeurope.info

REFERENCES

1 Evans, L.T. 1998.“Feeding the Ten Billion: Plants and Population Growth.” Cambridge University Press, Cambridge.
2 Trewavas, A.J.2001.The population/biodiversity paradox. Agricultural efficiency to save the wilderness. Plant Physiology 125:174-179
3 James, C.2004. Preview: Global Status of Commercialized Biotech/GM Crops: 2004. ISAAA Briefs

No.32.ISAAA: Ithaca, NY.

0 00 N LKA

into developing plants that are
more efficient nitrogen users' is
also well advanced, this will enable
the use of less nitrogen fertilizers
thus helping to lower the leach-
ing of nitrogen into groundwater
supplies. These two “input” traits,
primarily benefiting growers, would
provide very substantial environ-
mental and social benefits.

Brookes & Barfoot; GM Crops: The Global Economic and Environmental Impact—The First Nine Years 1996-2004; AgBioForum, 8(2&3): 187-196.

Gouse M., Pray C.E., Kirsten J.and Schimmelpfennig D. (2005). A GM subsistence crop in Africa: the case of Bt white maize in South Africa. Int.J. Biotechnology 7 (1/2/3): 84-94.
Morse S., Bennett R.M., Ismael Y.(2005). Genetically modified insect resistance in cotton: some farm level economic impacts in India. Crop Protection 24: 433-440.
http://www.gcgh.org/subcontent.aspx?SeclD=390 gives details of projects under the Grand Challenge number 9: Create a nutrient-rich staple plant

Wu, FA., J.D. Miller, and E.A. Cassman. 2004. The economic impact of Bt corn resulting from mycotoxin reduction. Journal of Toxicology, Toxin Review 23:397-424.

Demont M.and Tollens E. (2004). First impact of biotechnology in the EU: Bt maize adoption in Spain. Annals of Applied Biology 145:197-207.

10 Degenhardt H., Horstmann F.and Miilleder N. (2003). Bt-Mais in Deutschland. Erfahrungen mit dem Praxisanbau von 1998 — 2002. MAIS 2/2003: 75-77.
11 http://www.fas.usda.gov/gainfiles/200407/146107010.pdf

i Pol,

i Pol,

12 http://www.csiro.au/index.asp?typ

&id=0mega3&styls

13 Refers to a paper in Nature Biotechnology published by Italian scientists. http://www.checkbiotech.org/root/index.cfm?fuseaction=search&search=tomato&doc_id=10786&start=1&fullsearch=0

14 DuPont Agricultural Products (1996), ‘Safety Assessment of High Oleic Acid Transgenic Soybeans, Notification Dossier 62 FR 9155-9156, Docket No. 96-098-1( http://www.epa.gov/fedrgstr/EPA-IMPACT/1997/
February/Day-28/i5023.htm ).

15 Shewmaker, C,, Sheehy, J. A., Daley, M., Colburn, S. and Ke, D. Y. (1999), ‘Seedspecific overexpression of phytoene synthase: Increase in carotenoids and other metabolic effects; Plant J., Vol. 20(4), pp.401-412

16 Rocheford, T.R., Wong, J.C. Egesel, C. O.and Lambert, R. J. (2002),,Enhancement of vitamin E levels in corn; J. Amer. Coll. Nutr., Vol. 21, 3(S), pp. 1995-204S.

17 See http://www.bio-economy.net/ for details and more links.

18 Egyptian scientists produce drought-tolerant GM wheat Wagdy Sawahel, 14 October 2004, Source: SciDev.Net http://www.scidev.net/News/index.cfm?fuseaction=readNews&itemid=1661&language=1

19 See Arcadia Biosciences at http://www.arcadiabio.com/Control/Arcadia/nutrient.aspx



