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Green Biotechnology
and Climate Change

Introduction

This document aims to provide background information about the role green biotech
currently plays, and can play in future, in helping to combat climate change. This document
is not intended as a comprehensive overview of these issues, but as general guidance for
those who wish to communicate on green biotechnology.

After a short introduction on climate change, the three main areas where green biotech
currently plays or can play a positive role are highlighted.

The overall message is that biotech plants can, and already do, contribute positively
to reducing CO 2 emissions and anticipating the impact of climate c hange on food
scarcity. This will increase as they are more widel y adopted.

Climate change threatens all elements essential for life, such as water, food, health,
environment and land. The 2006 Stern report’, commissioned by the UK government to the
economist Nicholas Stern, warns that temperatures could increase by 2 to 3 degrees in the
next fifty years, leading to a catastrophic scenario at the end of the century with a 5 to 8
degree increase forecast, if nothing is done. This is a dramatic scenario whose most obvious
symptom would be the change in weather conditions; more heat waves, storms and floods
caused by melting glaciers (which could affect more than 30% of the world’s agricultural
lands). Unabated climate change could cost the world at least 5% of GDP  each year; if
more dramatic predictions come to pass, the cost could be more than 20% of GDP.

The chart on page 2 (source Stern report) shows some of these effects.
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Projected Impacts of Climate Change
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The decline of crop yields, ocean acidification, malnutrition and heat stress, population
displacement and threatened ecosystems are effects underlined by the Stern Report as
other worrying consequences of climate change. These effects should be considered in the
light of growing population levels . In order to feed the overall population, the world will
have to double its rate of agricultural production over the next 25 years; despite having
already quadrupled it in the last 50 years.

In addition to this, the changing meteorological conditions associated with climate change
will have an impact on agricultural yield . This means that farmers will have to find new
technological solutions to cope with these challenges. Addressing climate change will
require substantial efforts and policy development over many decades and must be
responsive to evolving scientific and technical understanding as well as experience with
policies.

Given the impacts of climate change on agricultural productivity and the part played by
agriculture practices in global warming, agricultural techniques must play a substantial part
in the fight against climate change. As an example, the production of biofuel from
biotechnology crops like GM sugar achieves a reduction of adverse CO:2 emissions of
transport while limiting the impact of the increased cultivated land area Green biotechnology
offers a “toolbox” which can help farmers limiting greenhouse gas emissions as well as
adapting their agricultural techniques to shifting climates.

The three major contributions of green biotechnolog y to the mitigation of the impact of
climate change are:

1. Greenhouse gas reduction

2. Crops adaptation
3. Protection and increase yield with less surface
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Context

Agriculture is a major source of greenhouse gas emissions?. Agricultural practices - such as
deforestation, cattle feedlots and fertilizer use - currently account for about 25% of
greenhouse gas emissions. Agriculture accounts for 14% of CO2 emission. Agriculture is
also a major source of methane (CH,4) and nitrous oxide (N,O), with latest estimates showing
that it accounts for 48% of methane emissions and 52% of N,O emissions in the EU.
Implementing sustainable agricultural practices is therefore more important now than ever.

Solutions

Green biotechnology offers solutions to decrease greenhouse gas emissions and help
mitigate climate change by offering the tools to engineer crops using less energy through
increase in yield. Green biotechnology crops can help to mitigate the climate change
because it gives to farmers the opportunity to adopt a more sustainable farming system.
These are examples of the positive impact that could play the green biotechnology:

1. Less fuel consumption on farm
2. Carbon sequestration
3. Reduced fertilizer use

1. Less fuel consumption on farm

Solutions

GMOs can help decrease the necessity and frequency of spraying. Genetic engineering
crops have highly helped farmers to adopt less intensive agricultural methods such as
reduced tillage or no tillage. For example, GM Insect Resistant Crops have been developed
to resist insects and to use fewer insecticide treatments. This consequently leads to a
reduction of fuel used by farmers when they spray pesticides on their fields, which means a
saving in carbon dioxide emissions.

Data and examples

. Barfoot and Brookes’ study (2006)* indicates that in terms of greenhouse gases, each
litre of tractor diesel consumed contributes an estimated 2.75 kg of CO:z into the
atmosphere. Thus, the fuel savings associated with making fewer spray runs (relative to
conventional crops) has resulted in permanent savings in CO2 emissions. In 2005 this
amounted to about 962 million kg (arising from reduced fuel use of 356 million litres).
Over the period 1996 to 2005 the cumulative permanent reduction in fuel use is estimated
at 4,613 million kg of carbon dioxide (arising from reduced fuel use of 1,679 million litres).

According to a more recent report from Barfoot and Brookes®, The adoption of reduced
tillage or no tillage systems in respect of fuel use results in reductions of carbon dioxide
emissions of 89.44 kg/ha and 40.43 kg/ha respectively. The amount of tractor fuel used
for seedbed preparation, herbicide spraying (NT only) and planting in each of these
systems is shown in the table below.

I #
el crops: the first ten years - Global socio-economic and environmental impacts, Barfoot, P. and Brookes, G. (2006)
4 GM crops: global socio-economic and environmental impacts 1996-2006, Barfoot, P. and Brookes, G. (2008)
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Tractor fuel consumption by tillage method

Tillage system litre/ha

Traditional cultivation: mouldboard plough, disc and 46.65

seed planting etc

Conservation cultivation (ET): chisel plough, disc and 2883

seed planting

No-till (fertiliser knife, seed planting plus 2 sprays: 1412

pre-plant bum down and post-emergent)

Source: “GM crops: global socio-economic and environmental impacts 1996-2006,” Barfoot, P. and Brookes, G.
(2008)

2. A more sustainable farming system

Solutions

Soil carbon sequestration will be an important part of any international strategy to mitigate
the increase in atmospheric CO, concentrations. By adopting more sustainable
management practices, agriculture may play a large part in enhancing soil carbon
sequestration across the globe. One way is by reducing the amount of conventional tillage,
after long term tillage soil carbon stocks.

By leaving at least 30% of residue on the soil surface, no-till agriculture reduces the loss of
CO, from agricultural systems and may also play a role in reducing evaporative water loss
from soils. The benefits of no till practices extend beyond increasing carbon sequestered in
the soil. Because tilling disrupts soil structure, no-till practices may increase soil structural
stability rendering it less vulnerable to degradation and erosion. Additionally in warmer and
drier climates evaporative water loss may be reduced as residue remains on the soil surface
creating a wetter and cooler soil microclimate.

Crops developed with agricultural biotechnology reduce the need for tillage or plowing,
allowing farmers to adopt conservation or “no-till” farming practices. This has positive
consequences in terms of mitigation: 1) tractor fuel use for tillage is reduced, 2) soil quality is
enhanced and levels of soil erosion are cut, 3) less tillage means more carbon remains in
the soil which leads to lower emissions.

Data and examples

- In 2007, the no-till area has nearly doubled in the US and a 5-fold increase was recorded
in Argentina, with GM Roundup Ready soybean estimated to account for 95% on the no-
till soybean area®. Besides soil preservation, no-tillage agriculture saves fossil fuels
burned by engines, and decreases economic and environmental costs of intensive
farming.

According to Barfoot and Brookes (2008)°, the additional amount of soil carbon
sequestered since 1996 has been equivalent to 63,859 million tonnes of carbon dioxide
that has not been released into the global atmosphere. Those soil carbon savings are
based on saving arising from the rapid adoption of new farming systems in North and
South America for which the availability of GM Herbicide Tolerant (HT) technology has
been cited by many farmers as an important facilitator. GM HT technology has been an
important contributor to this increase in soil carbon sequestration but is not the only factor
of influence.

® “Conservation Tillage and Plant Biotechnology: How New Technologies Can Improve the Environment By Reducing the Need to Plow”, Richard
Fawcett, Dan Towery , Conservation Technology Information Center

® GM crops: global socio-economic and environmental impacts 1996-2006, Barfoot, P. and Brookes, G. (2008)
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Context of carbon sequestration impact

2006: car equivalents

Crop/trait/country Permanent Average family Potential Average family
carbon dioxide car equivalents additional zoil car equivalents
savings arising removed from carbon removed from

from reduced the road for a sequestration the road fora
fuel use (million year from the savings (million vear from the
kg of carbon permanent fuel kg of carbon potential
dioxide) savings dioxide) additional soil
carbon
sequestration

US: GM HT sovbeans 245 108,877 4064 1,806,345

Argentina: GM HT 659 203 094 6,904 3,108,408

soybeans

Other countries: GMM i 34091 813 361,047

HT soybeans

Canada: GM HT 136 60,541 1,677 745,304

canola

Global GMIE cotton 98 43,582 0 0

Total 1,215 540,186 13,549 6,021,604

Source: “GM crops: global socio-economic and environmental impacts 1996-2006,” Barfoot, P. and Brookes, G.
(2008)

3. Reduced fertilizer use

Solutions

Nitrous oxide has a global warming potential of 296, meaning it has a global warming
potential (GWP) about 300 times greater than carbon dioxide — this means that 1 pound of
nitrous oxide is counted as 296 pounds of CO,. In addition, nitrous oxides stay in the
atmosphere for more than 100 years. The formation and release of N,O from agricultural
fields happens when nitrogen fertilizer applied to crops interacts with common soil bacteria.
It is estimated that nitrogen fertilizer accounts for one-third of the GHGs produced by
agriculture (Stern Review 2006). Reduced fertilizer use will mean less nitrogen pollution of
ground and surface waters.

Data and examples

- The company, Arcadia Biosciences, has developed GM rice and canola that uses
nitrogen more efficiently, so the plants need less fertilizer. Arcadia's Nitrogen Use
Efficiency (NUE) technology produces plants with yields that are equivalent to
conventional varieties but which require significantly less nitrogen fertilizer because they
use it more efficiently’. This technology has the potential to reduce the amount of
nitrogen fertilizer that is lost by farmers every year due to leaching into the air, soil and
waterways. In addition to environmental pressures, nitrogen costs can represent a
significant portion of a farmer's input costs and can significantly impact farmer
profitability.

" http://Awww.arcadiabio.com/
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Context ®

Solutions must be developed to adapt crops to new conditions, such as other types of soils
or harsher conditions as drought and salinity. Climate change poses a real challenge in
terms of available agricultural land and fresh water use. The agricultural sector uses a huge
amount of available fresh water - 70% of the water currently consumed by humans is used in
agriculture, and this is likely to increase as temperatures rise. Moreover, 24.7 million acres
of farmland worldwide are lost each year due to salinity caused by unsustainable irrigation
techniques. In a warmer climate, plants will react to stresses, such as drought, by
consuming large quantities of energy which is normally used for growth and seed
production.

Solutions

Water shortages are already costing billions of dollars a year in crop shortfalls around the
world, and are likely to grow more costly, according to academic and government
forecasters. This could have an impact on prices of basic commodities that could climb to
comparatively exorbitant levels. For example, in Australia, where drought has persistent
since 2002, some wheat farmers last year reported failing to harvest a crop for the first time
in 40 years.’

Green biotechnology offers solutions that could help farmers facing this challenge. This is
absolutely essential for farmers in developing countries as well as in some developed
countries (in particular, in the south of Europe) where yields would be affected substantially.

Genetic modification is already being used to develop crops tolerant to drought conditions.
Indeed, a number of crop varieties have been developed which are stress tolerant. This will
enable areas of semi arid land, both now and in the future, to be used to cultivate food
crops, with huge potential benefits. Moreover, the process is said to actually clean the soil by
removing the accumulation of salt. Tolerance to abiotic stress like water shortage and
salinity is complex but promising results have been obtained in model plants and are being
transferred to important food species in field conditions. Maize, wheat and rice would be the
first important crops benefiting from these emerging technologies.

Data and examples

- Biotech crops have already been developed to be better adapted to warmer conditions.
Current biotech soybeans and cotton enable farmers to use more benign herbicides that
rapidly dissipate in soil and water. Herbicide-tolerant soya, maize, cotton and oilseed
rape have allowed farmers to reduce the amount of ploughing required before planting
their crop, thereby reducing water dissipation. They also help to reduce fossil fuel use,
carbon emissions and soil erosion. New varieties of drought-resistant crops, or crops
which can be grown on marginal lands, also offer new opportunities to some of the
world’s poorest regions.

Many field trials are being developed to test the introduction of second-generation GM
traits to counter drought tolerance. Companies and plant biotechnology research
institutes are working on stress tolerance programs comprising several product lines such
as maize, cotton, canola (oilseed rape) and soybean. The first biotech maize varieties
with drought tolerance are expected to be commercialized by around 2011 and the trait
has already been incorporated in several other crops.*°

8 «Coping with water scarcity in developing countries: what role for agricultural biotechnologies?”, FAO, 2007
° “Biotech companies race for drought-tolerant crops”, Reuters, 2008

%Biotech companies race for drought-tolerant crops”, Reuters, 2008
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11
Some current research projects

1. Drought Tolerant Oilseed Rape

The plant is engineered to reduce the levels
PARP [poly(ADP-ribose) polymerase], a key
stress-related protein in plants. This results in
a crop which was far better able to survive
drought than reference plants.

Field trial results for summer 2006 harvest
show relative yield increases of up to +44%
compared to non-drought tolerant varieties.
Bayer CropScience is currently
conducting research work on maize,
cotton, oilseed rape and rice, with the
objective of developing a new generation of stress-tolerant, high-performance
crop varieties.

2. Drought Tolerant Maize

Hybrid crops have been developed to tolerate drought and
periodic water deficits. Pioneer Hi-Bred International, Inc., a
DuPont subsidiary, is developing hybrids and varieties that use
water sources more efficiently and therefore perform better
during water deficits.

Maintaining yields during water stress will help preserve grower
incomes and yield more grain for the food and energy value
chain as well as reducing the need for irrigation.

GM Non-GM
(Grown under drought
conditions)

3. Transcription Factors

Some exciting work in this area involves the use of genetic switches called transcription
factors and stress genes from microbial sources.

Monsanto has tested specific transcription factor genes in the Arabidopsis plant that
influence multiple other genes involved in the plant's response to stress.

Scientists have demonstrated these genes improve drought tolerance in the Arabidopsis
plant, increasing productivity by at least two- fold during severe water stress. In the third
year of trials, maize yields have increased under water stress by up to 30%.

 Agricultural Biotechnology Council (abc), http:/www.abcinformation.org/
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Context

It is likely that with temperature rises and desertification, land area available for farming will
be reduced. Moreover, populations are rapidly increasing. By 2025, there will be 2.5 billion
more people than today. This population boom will result in a 35% increase in demand for
food supplies. According to a United Nations report, farmers will need to at least double their
production over the next 25 years to feed all these people’?. As an example, China faces the
onerous task of feeding a fifth of the world's population with less than a tenth of global
farmland, and combining food production and environmental protection are a key challenge.
More than two-fifths of the 55% increase in the world's meat consumption between 1997 and
2020 islgxpected to occur in China, according to the International Food Policy Research
Institute™.

The major aim of agricultural biotechnology is to enhance agricultural productivity and
maximise the productive capacity of our diminishing resources. As they have been designed
to be more resistant, some species of GM crops are able to develop normally even in harsh
conditions. Hence they can be a solution because higher productivity and yields are
possible, especially in developing countries.

In the future, we can hope that an increasing adoption of GM crops will limit the loss in
biodiversity since it will offer incentives to farmers not to expand their agricultural lands, in
particular in developing countries.

1) Sustainable agricultural practices

Solutions

Green biotechnology provides a “toolbox” to farmers so that they can adopt sustainable
agricultural practices tackling with tomorrow’s challenges. Green biotechnology crops are
helping farmers to increase yield whilst being more resistant to pests and diseases that are
likely to spread in a shifting climate. Below are some concrete examples of GM crops
providing concrete solutions to farmers.

Data and example

One of the early successes of biotechnology has been the ability to insert genes from a
naturally occurring soil bacterium, Bacillus thuringiensis (Bt), into maize, cotton, and
other crops to impart internal protection from insect feeding. For many farmers, Bt crops
are proving to be a valuable tool for integrated pest management programs by giving
growers new pest control choices. This is the case for fungal diseases which are a real
problem for farmers in maize and cereal cultivation. Not only do they cause yield losses,
some fungi can also produce toxic substances, the so-called “mycotoxin”. There are over
300 different known toxins, each with specific effects. For example, the level of
fumonisin, one of those 300 toxins, is associated with oesophageal cancer and neural
tube defects. Bt maize is a powerful tool to reduce the level of fumonisin which could
have significant benefits in developing countries, especially where unprocessed maize is
a key part of the diet.

GM or transgenic canola (oilseed rape) varieties have been modified to be resistant to
specific herbicides. They are called herbicide-resistant varieties. The plants are modified,
but the oil is not modified. GM canola was first introduced in Canada in 1995. The
primary impact in the early years of adoption was increased yields of almost 11% (eg, in
2002 this yield increase was equivalent to an increase in total Canadian canola

12 “State of World Population 2001," Chapter 2, Environment Trends, Moving Towards Food Security subhead”, United Nations Population Fund,
Nov. 7, 2001
13“World Food Prospects: Critical issues for the early twenty-first century”, International Food Policy Research Institute, 1999
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production of nearly 7%). A small additional price premia was achieved from crushers
through supplying cleaner crops (lower levels of weed impurities)*.

A recent survey conduced in the three leading Bt maize regions in Spain (Aragon,
Catalonia and Castilla-La Mancha) show that farmers adopting Bt maize experienced
higher average yields than conventional growers for three growing seasons studies (from
2002 to 2004). For the three studies years, these higher yields were statistically very
significant for the province of Zaragoza with a yield increase of 11.8%". In France,
Orama, a trade association in the agricultural sector, found out that the average gain of
Bt maize was about 9.2 quintal per hectare compared to conventional maize by studying
13 plots of Bt maize field in France in 2005,

2) Increased yield to address tomorrow’s challenges

“Science and technology must spearhead agricultural production in the next 30 years at a
pace faster than the Green Revolution did during the past three decades,” Dr. Diouf Dr
Jacques Diouf, Director-General Food and Agriculture Organization of the United Nations
(FAO) asserted. Farmers need to produce more food than ever before. Each year, global
population grows by more than 73 million. This is only slightly less than adding a population
the size of Germany’s each year. As a result, world population is expected to reach 7 billion
by 2013 and 8 billion by 2028. And, as people in developing countries attain higher levels of
education and income, the demand for higher-quality food increases. The combined effect of
population gains and income gains around the world is projected to increase the demand for
food 55 percent by 2030.

Data and example

- Biotechnology and advances in breeding are helping agriculture achieve higher yields
and meet the needs of an expanding population with limited land and water resources.
Production of primary food and feed crops — maize, wheat, rice and oilseeds — has
increased by 21 percent since 1995, while the total cropland devoted to these crops has
increased by only 2 percent. The productivity gains that accounted for most of the
increased production of these crops are also important for global food security and land
conservation.

** GM crops: global socio-economic and environmental impacts 1996-2006, Barfoot, P. and Brookes, G. (2008)

5 Bt maize in Spain—the performance of the EU’s first GM crop, Nature, April 2008

16 “Gm Maize in the field : conclusive results”, Orama, 2007
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Global Challenge: Food Demand
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According to the Food and Agriculture Office of the United Nations (FAO)', out of the
world's total land area of 13 billion hectares (ha), 12% is cultivated but the future
expansion of farmland for food production will be slower than in the past. In the next 30
years, developing countries will need an additional 120 million ha for crops according to
the FAO, this means, less new land will be opened up than in the past. Some countries
and communities will face problems related to land scarcity. This will strengthen their
dependency to food and feed import. Genetically modified crop varieties are the most
cost-effective way to sustain farming in marginal areas and to restore degraded lands to
production. If we want to feed the world without destroying our resources, science and
technology should drive the development of modern agriculture.
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