Focus on Yields

Figure 2:
Global average farm income benefit from growing biotech crops 1996-2009 ($/hectare)
250

Biotech crops: evidence
of global outcomes and
impacts 1996–2009

214

200
150
82

100
46

50

45

24

20

0
HT soy

IR corn

HT corn

IR cotton

The biotech insect resistant (IR) traits, used in the corn and cotton
sectors, have accounted for 99% of the additional corn production
and almost all of the additional cotton production. The biotech
IR traits have targeted major pests of corn and cotton crops.
These pests, persistent in many parts of the world, significantly
reduce yield and crop quality, unless crop protection practices
are employed. The biotech IR traits have delivered positive
yield impacts in all user countries (except Australia5) when
compared to average yields derived from crops using conventional technology (such as application of insecticides and seed
treatments). Since 1996, the average yield impact across the
total area planted to these traits over the 14-year period has been
+7.1 percent for corn traits and +14.8 percent for cotton traits
(Figure 3).
Although the primary impact of biotech HT technology has
been to provide more cost effective (less expensive) and
easier weed control versus improving yields from better weed
control (relative to weed control obtained from conventional
technology), improved weed control has nevertheless occurred,
delivering higher yields in some countries (eg, HT soybeans
in Romania, Bolivia and Mexico, HT corn in Argentina and
the Philippines).
Biotech HT soybeans have also facilitated the adoption of
no-tillage production systems, shortening the production cycle.
This advantage enables many farmers in South America to
plant a crop of soybeans immediately after a wheat crop in
the same growing season. This second crop, additional to
traditional soybean production, has added 82.8 million tonnes
to soybean production in Argentina and Paraguay
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Additional crop production arising from positive yield/
production effects of biotech crops
1996-2009 additional production 2009 additional production
(million tonnes)
(million tonnes)
Soybeans

83.50

9.73

Corn

130.5

29.40

Cotton

10.5

1.88

Canola

5.45

0.66

between 1996 and 2009 (accounting for 99% of the total
biotech-related additional soybean production).
If GM technology had not been available to the 14 million
farmers using the technology in 2009, maintaining global
production at the 2009 levels would have required additional
plantings of 3.8 million ha of soybeans, 5.6 million ha of corn,
2.6 million ha of cotton and 0.3 million ha of canola (Table 3).
This total area requirement is equivalent to about 7% of the
arable land in the US, or 24% of the arable land in Brazil.

Pesticide active ingredient: refers to the amount of substance in a
pesticide that is biologically active (and which targets a pest, in the case
of an insecticide, a fungus, in the case of a fungicide, or a a weed in the
case of a herbicide).
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Pesticide Reductions
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This brief is intended for use by a wide range of people,
from those with limited knowledge and interests of
agriculture and the environment, to others with interests
in agriculture and the environment. It is a summary of the
key findings relating to the global impact of biotech crops
(1996–2009) and focuses on the farm level economic impacts
and the environmental effects associated with pesticide
usage and greenhouse gas (GHG) emissions, as detailed in
‘Global impact of biotech crops: socio-economic and
environmental effects 1996-2009’ 1, by Graham Brookes &
Peter Barfoot2. A glossary of terms used is provided to
assist those with limited knowledge of the subject area.
1 www.pgeconomics.co.uk. Shorter

versions will also soon be available from the peer
review journals the International Journal of Biotechnology (on the economic impacts) at
www.inderscience.com and GM Crops 2:1 January-March 2011 (on the environmental
impacts) at www.landesbioscience.com/journal/gmcrops
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ENVIRONMENTAL IMPACTS

Peer review: this means the report has been subject to independent and
anonymous review by specialists in this subject area.
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Blue = resistant to corn boring pests, Red = resistant to corn rootworm
Green = insect resistant cotton
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Glossary

Reduced tillage: this means that the ground is disturbed less than it would
be with traditional ploughing or tillage systems.
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TABLE 3:

No-till farming: this means that the ground is not ploughed. Seeds are
planted through any organic material that is left from a previous year’s crop.
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Biotech insect resistant (IR) crop: refers to a crop that is resistant to a
particular pest. For example a corn crop with resistance to corn boring pests
or corn rootworm.
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Biotech herbicide tolerant (HT) crop: refers to a crop that is tolerant to
being treated with a specific herbicide. This means the herbicide can be
used to target weeds in the crop without harming the crop. For example
a glyphosate tolerant crop is tolerant to the herbicide glyphosate.

Average yield impact of biotech IR traits
1996-2009 by country and trait
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HT cotton

5 This

reflects the levels of Heliothis pest control previously obtained with intensive insecticide use.
The main benefit and reason for adoption of this technology in Australia has arisen from significant
cost savings (on insecticides) and the associated environmental gains from reduced insecticide use

analyzing the impact of new technology in agriculture. Their research into biotech crops
has been widely published in scientific journals including Agbioforum and the International
Journal of Biotechnology.

TABLE 1: Global impact of herbicide and insecticide use
changes from biotech crops 1996–2009

GHG Emission Cuts
TABLE 2: Impact of biotech crops on carbon emissions 2009

Farm Income Impacts
FIGURE 1: Global farm income benefits from growing biotech
crops 1996–2009
FIGURE 2: Average farm income benefit from growing biotech
crops 1996–2009 ($/hectare)

Positive Yield and Production Impact
TABLE 3: Additional production arising from biotech trait
impacts 1996–2009
FIGURE 3: Average yield benefit from using biotech IR traits
1996–2009 by trait and country

Glossary

ENVIRONMENTAL BENEFITS
Pesticide reductions
Since 1997, the use of pesticides on the biotech crop area has
been reduced by 393 million kg of active ingredient, an 8.7%
reduction. This is equivalent to nearly one and a half times the
total volume of pesticide active ingredient applied to arable
crops in the EU (27) in a year.
Whilst changes in the volume of pesticides applied to crops
can be a useful indicator of environmental impact, it is an
imperfect measure because it does not account for differences
in the specific pest control programmes used in biotech and
conventional cropping systems. Using a more robust and
comprehensive measure of the environmental impact associated
with pesticide use, the environmental impact quotient (EIQ3),
this measure shows that the environmental impact associated
with herbicide and insecticide use on the area planted to biotech
crops between 1996 and 2009 fell by 17.1% (Table 1).
In absolute terms, the largest environmental gain has been
associated with the adoption of biotech insect resistant (IR)
cotton and reflects the significant reduction in insecticide use
that the technology has allowed, in what has traditionally been,
an intensive user of insecticides.

Over half of the environmental benefits (1996-2009) associated
with less insecticide and herbicide use have been in developing
countries (54%). The vast majority of these environmental gains
have been from the use of biotech IR cotton and HT soybeans.

Greenhouse gas emission
(GHG) cuts
Biotech crops have also delivered significant savings in
greenhouse gas emissions. In 2009, the 130 million hectares of
biotech crops facilitated a 17.7 billion kg reduction in carbon
dioxide emissions, equivalent to removing 7.8 million cars
from the roads for a year (equal to 28% of all registered cars in
the UK off the roads for a year (Table 2).

TABLE 1:

TABLE 2:

Impact of changes in the use of herbicides and insecticides globally 1996-2009

Impact of biotech
crops on carbon
emissions 2009

TRAIT

3

The volume of herbicides used in biotech soybean crops also
decreased by 41 million kg (1996-2009), a 2.2% reduction,
whilst the overall environmental impact associated with
herbicide use on these crops decreased by a significantly larger
16%. This highlights the switch in herbicides used with most
biotech herbicide tolerant (HT) crops to active ingredients with
a more environmentally benign profile than the ones generally
used on conventional crops. Important environmental gains
have also arisen in the maize and canola sectors (Table 1).

CHANGE IN VOLUME
OF ACTIVE INGREDIENT
USED (MILLION KG)

CHANGE IN FIELD
EIQ IMPACT (IN
TERMS OF MILLION
FIELD EIQ/HA UNITS)

% CHANGE IN AI
USE ON BIOTECH
CROPS

% CHANGE IN ENVIRONMENTAL
IMPACT ASSOCIATED WITH
HERBICIDE & INSECTICIDE USE
ON BIOTECH CROPS

GM herbicide
tolerant soybeans

-40.85

-5,632.0

-2.2

-16.0

GM herbicide
tolerant maize

-140.26

-3,435.4

-9.22

-10.49

GM herbicide
tolerant canola

-13.98

-455.8

-16.2

-23.2

GM herbicide
tolerant cotton

-8.87

-281.5

-4.0

-6.9

GM insect
resistant maize

-36.46

-1,292.3

-40.6

-34.8

GM insect
resistant cotton

-152.66

-7,088.0

-21.8

-24.7

GM herbicide
tolerant sugar beet

+0.35

TOTAL

-392.73

-1.0

+18.0

Carbon dioxide
savings from
reduced fuel use
(billion kg co2)

1.40

Farm income impacts

• Reduced fuel use from less frequent herbicide or
insecticide applications and a reduction in the energy
use in soil cultivation. The fuel savings associated with
making fewer spray runs (relative to conventional crops)
and the switch to conservation, reduced and no-till
farming systems, have resulted in permanent savings in
carbon dioxide emissions. In 2009, this amounted to
about 1,409 million kg (arising from reduced fuel use of 512
million litres: Table 2). Over the period 1996 to 2009 the
cumulative permanent reduction from fuel use is estimated
at 9,947 million kg of carbon dioxide (arising from reduced
fuel use of 3,616 million litres)

GM technology has had a very positive impact on farm income
derived from a combination of enhanced productivity and
efficiency gains (Figure 1). Between 1996 and 2009, farm
incomes increased by $64.7 billion. In 2009, the direct global
farm income benefit was $10.8 billion, equivalent to adding
4.1% to the value of global production of the four main crops
of soybeans, corn, cotton and canola.

• Reduced fuel use and tillage in “no-till” and
“reduced-till” 4 farming systems. These production
systems have increased significantly with the adoption of
biotech HT crops because the HT technology has improved
growers ability to control competing weeds, reducing the
need to rely on soil cultivation and seed-bed preparation
as means to getting good levels of weed control. As a
result, tractor fuel use for tillage is reduced, soil quality
is enhanced and levels of soil erosion cut. In turn, more
carbon remains in the soil and this leads to lower GHG
emissions. Based on savings arising from the rapid
adoption of no till/reduced tillage farming systems in
North and South America, an extra 4,430 million kg of
soil carbon is estimated to have been stored in 2009
(equivalent to 16,261 million kg of carbon dioxide that has
not been released into the global atmosphere). Cumulatively
the amount of carbon storage is probably higher due to
year-on-year benefits to soil quality. However, due to the
lack of data on the crop area in continuous no-till systems
it is not possible to confidently estimate cumulative soil
sequestration gains.

Figure 1:

Additional soil
carbon storage
savings (billion kg
co2)

16.30

Total co2 savings
(billion kg co2)

17.70

Car equivalents
removed from road
(million)

The GHG emission reductions result from two principle
sources:

See Brookes & Barfoot (2011) for further details
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Positive yield and
production impacts
Since 1996, biotech crops have added important volumes to
global production of corn, cotton, canola and soybeans (Table 1).
Production of the four crops, on the 130 million hectares planted
to biotech crops in 2009, was also significantly higher than levels
that would have otherwise been if GM technology had not been
used by farmers (Table 3).
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The extra farm income from growing biotech crops, when spent
on goods and services, has had a positive multiplying effect on
local, regional and national economies. In developing countries,
the additional income has enabled more farmers to consistently
meet their food subsistence needs and to improve the standards
of living of their households. In India and the Philippines,
where farmers use biotech IR cotton and corn respectively,
their household incomes have typically increased by over 33%.

Note: Others = virus resistant papaya and squash in the US, herbicide tolerant sugar beet in the US and Canada
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On a per hectare basis, the largest gains have been derived from
the insect resistant technologies in corn and cotton (Figure 2).

Global farm income benefits from growing biotech crops 1996-2009 ($ millions)
30,000

7.8

The largest gains in farm income have arisen in the soybean
sector, largely from cost savings. Substantial gains have also
arisen in the cotton sector through a combination of higher
yields and lower costs.

4 No-till

IR corn

HT corn

IR cotton

farming means that the ground is not ploughed at all, while reduced tillage means that the ground is disturbed less than it would be with traditional tillage systems. For example, under a no-till
farming system, soybean seeds are planted through the organic material that is left over from a previous crop such as corn, cotton or wheat

