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An Assumption:
Conventional Agriculture is Unsustainable

Facts about the environmental impacts of
global agriculture (World Wildlife Fund):
• It uses 55% of habitable land (and it’s growing)

• 70% of the human use of water is in agriculture (>60%
wasted)
• 70-90% of farmers lose more carbon/year than put
back
• It has the highest industry use of chemicals

• It has more environmental impact, including pollution,
than any other human activity
• Climate change — It contributes 25-40% of
greenhouse gases that contribute to climate change

Even if all factors remained constant
This environmental impact is unsustainable
Many factors are not going to remain constant

Two Crucial Factors:
Population growth
Increasing Affluence

2010
6.9 billion

800 million added in 10 years (≈ 13% growth or 1.3% per year)
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Data Source: The World Bank

Current growth rates:
Births - Deaths = .55%
Birth - Deaths + Immigration = .97%
Source: CIA, The World Factbook

Comparison of Growth Rates
US: Current growth rates:
Births - Deaths = .55%
Birth - Deaths + Immigration = .97%
Source: CIA, The World Factbook

India: Current growth rates:
Births - Deaths = 1.381%
Birth - Deaths + Immigration = 1.376%
Source: CIA, The World Factbook

Kenya: Current growth rates:
Births - Deaths = 2.588%
Birth - Deaths + Immigration = 2.588%
Source: CIA, The World Factbook
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Our Current Prosperity (including safe, affordable and available
food) Is a Direct Result of Advances in Science and Technology
“I believe that the single most important reason why prosperity spread,
and why it continues to spread, is the transmission of technologies and
the ideas underlying them. Even more important than having specific
resources in the ground, such as coal, was the ability to use modern
science-based ideas to organize production. The beauty of ideas is that
they can be used over and over again, without ever being depleted.
Economists call ideas nonrival in the sense that one person’s use of an
idea does not diminish the ability of others to use it as well. This is why
we can envision a world in which everyone achieves prosperity. The
essence of the first industrial revolution was not the coal; it was how to
use the coal. Even more generally, it was about how to use a new form
of energy. The lessons of coal eventually became the basis for many
other energy systems as well, from hydropower, oil and gas, and nuclear
power to new forms of renewable energy such as wind and solar power
converted to electricity.” (Jeffery Sachs (2005) The End of Poverty)

Benefits, Harms and Risks (of Harms)
Technology brings benefits but seldom comes
without harms or risks

Identify
Mitigate
Monitor
Assess Benefits to Harms

Feinberg’s Schema
•
•
•
•
•

Value of a desired outcome
Probability of the desired outcome
Probability of harm in securing the outcome
Severity of the harm
Alternative methods of achieving the
outcome [an example, in this context, is
organic agriculture]

Environmental Benefits Can Genetic Science and Biotechnology
Provide?
Current Products
1. Crops that are resistant to a potent herbicide glyphosate (Roundup™)
•
•
•
•
•

It requires fewer applications
Breaks down quickly in the environment
Zero Tillage
Increased yields (reduced need for land expansion; potential for contraction)
Products :soybean, canola, corn (maize) tobacco and cotton (Roundup™
Ready)

Canola (Canadian Oil Low Acid)
Rapeseed is high in erucic acid (45% by weight). Canola is limited by government
regulation to a maximum of 2% erucic acid by weight in the USA and 5% in
the EU.
Bred by Keith Downey and Baldur in the early 1970s

Glyphosate
Resistant Tobacco
No spray on either plant
Moderate spray on both
plants

Heavy spray on both plants

What Environmental Benefits Can Genetic Science and
Biotechnology Provide?
Current Products
2. Pest resistant crops that require no pesticides (Bacillus thurigiensis
(Bt) endotoxin expressing plants)
•
•

No application of herbicides
Products: corn (maize) and cotton (tomatoes and potatoes have been
engineered and approved but are not marketed)

Insect Resistant Tomato - Bt Delta-endotoxin Expression
Stripped by caterpillars
(lepidopteran)

What Environmental Benefits Can Genetic Science
and Biotechnology Provide?

Soon to be released products
3. Drought-resistant crops
–
–
–
–

Dramatically less water required
Field trials are completed
Regulatory approval in the US is near
Products: corn (maize), cotton, soybean, canola

Drought Resistant Corn

Drought Tolerance

What Environmental Benefits Can Genetic Science
and Biotechnology Provide?

Two New Traits Close to Market
4. Nitrogen efficient crops
–
–
–
–

Dramatically less nitrogen required
Field trials are completed
Regulatory approval in the US is near
Products: corn (maize), cotton, soybean, canola

Producing Higher Yields with
Fewer Inputs Including Nitrogen
9% yield
increase with
no added
nitrogen

Given Inevitable Population Expansion
and
Increasing Affluence in the Most Populous Regions
of the Planet

Abundant, Safe and Affordable Food
Depends in Large Part on

Increasing Yields

What Yield Benefits Can Genetic Science and
Biotechnology Provide?
The Current Traits Have Already Increases
Yields

Science and Technology:
Molecular biotechnology
Corn Yields gains
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What Yield Benefits Can Genetic Science and
Biotechnology Provide?

It is worth noting that corn production in the
United States:
•

•

Increased from 2 billion bushels in the early 1030s
to 11.8 billion in 2006
While the land area planted in corn decreased by
22%

This ties back to environmental advantages

Indian Small-hold Farmer: Arun
Dhondappa Kabade
Crop Year
2003

Crop
Year
2006

Currency: Rupees ($1 = 45.5 INR)

Total Land Holding (acres)

3

Total Irrigated Land (acres)

3

3

Total Cotton (acres)

3

3

Total Cost of Production
(Rs. per acre)
Cost of Seed
(Rs. per acre)
Cost of Spraying

7200

8250

450

750

2250

750

Labor and Other

2400

4200

800

1600

16

20

12800

32000

5600

23750

16800

71250

Total Production
(Kg per acre)
Output Price
(Rs. Per Kg)
Gross Profit
(Rs. per acre)
Net Profit (Rs. per acre)
Total Net Profit (Rs.)

3

Bt Cotton

(32,000-12,800)/12,800 =
150% increase

What Health Benefits Can Genetic Science and
Biotechnology Provide?
1.

Healthier crop plants
•
Resulting in reduction of some toxins in food, for example:
–
–
–

•

The toxins are potent, for example:
–
–
–
–
–
–

•
•

the molds of the genus Fusarium, which infects corn along with many other
plants
Aspergillus Flavus
Gibberella zeae
synthesises trichothecenes (type B)
T-2 toxin
zearalenone (F-2 toxin)
vomitoxin
Deoxynivalenol
fumonisin

The European corn borer compromises the cob, and kernel integrity
increasing the entry points for the mold spores
Bt corn reduces the activity of the corn borer, hence, reducing the
compromised integrity of the cob and kernels.

Fusarium ear rot symptoms associated with insect damage

Aspergillus kernel rot symptoms associated with insect damage
Source: Munkvold, G.P. and Hellmich R.L. (2000) “Genetically Modified, Insect Resistant
Maize: Implications for Management of Ear and Stalk Disease

What Health Benefits Can Genetic Science and
Biotechnology Provide?
2.

A continuing abundance of food

New Traits Currently in Trials
•
•

Vitamin enrichment oils (vitamins A, B12, folic acid, K)
long chain -3 fatty acid enriched oils (canola, soybean)
Golden Rice was an early health enhanced plant
The rice was a terrific health benefit in low and middle income
countries
The implementation, patent squabbles and organization competition
reduced its utility

Summary
Purported Benefits of GM Crops
I.

Environmental Impact Reduction
•
•
•
•
•
•

II.

Lower pesticide and herbicide applications (e.g., Bt toxin expression)
Safer pesticide in the case of Roundup and Roundup ready crops (glyphosate)
Reduced fertilisation (lower nitrogen for example)
Reduced water consumption
Less soil erosion: zero-tillage
Land-use conservation

Food Security Enhancements
•

III.

Increased yields

Health Enhancements
•

Higher quality products
•
•

•

Reduced toxin development
vitamin enrichment, long chain

-3 fatty acids)

Continued supply of affordable of food

Two Issues Warrant Attention at This Point
1.

2.

Benefits are always accompanied by actual or potential harms
•

Harms or potential harms accompany benefits, whether in technology or other
areas of life: skiing, walking down stairs, etc.

•

What are the purported harms of GM agriculture?

Wouldn’t “Organic Agriculture” be a better alternative to
“Conventional Agriculture”?

Purported Harms
I.

Environmental Concerns
•
•
•
•

Loss of heritage stock (narrowing of the gene pool)
Adventitious presence
Development of resistance (EPA requirement)
Effects on species (e.g., monarch butterfly) Mark Sears et al
•
•

II.

Their research, corroborated by others, indicated that Bt corn has a
negligible effect on monarch butterfly populations
National Geographic News (May 3, 2010) reported, “Sears pointed out
that he has witnessed more damage to the butterfly population through
“road kill” while driving along country roads than he did in his
experiments.”

Agribusiness concerns
•

Concentration of control over seed production and distribution
•
•

•

Unilever: US$6.8 billion spent solely in advertising and promotions
Monsanto: gross revenue - US$8.6 billion

Impact on small-hold (small-scale) farmers

Refuge Planting Approved Patterns: 20% EPA
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Purported Harms
III.

Human health
•
•
•

Allergies
Harmful phenotypic secondary traits
Creating reservoirs for pathogenic development

The Organic Alternative
Positive Claims Made
I.

More environmental friendly

II.

Healthier

III. More natural

A Problem: Yields

The Organic Alternative: Environmental
Impact on the Environment: Animals and Plants are Different

The most significant impacts of animals are the same for organic,
conventional and, currently GM
The impacts are a function of animals not the type of agriculture
Animal manure is:
• High in nitrogen, phosphorus and potassium and other plant nutrients: calcium,
magnesium and sulphur
• Hence, it is an excellent fertilizer
• But equally an environmental calamity

Consider just the nitrogen content
• Most of the nitrogen is rapid-release
• Quickly enters the environment through ammonia volatilisation –
conversion to urea, which gasses off into the atmosphere as a
greenhouse gas
• Incorporating the manure into the soil quickly and under cold moist
conditions reduces this process but provides a higher level of
nitrogen in the soil that ultimately will be converted to nitrate,
which enters the groundwater
• This pollutes the groundwater but eventually that groundwater
reaches rivers and lakes and ammonia volatilisation occurs and the
nitrogen gases into the atmosphere

Animal urine is high in urea
• Gasses off into the atmosphere

Animal flatulence is high in methane
• This is released into the atmosphere (one of the largest sources of
atmospheric methane)

Animal feed requirements from plants (or from other animals,
which ultimately derives from plants) is high
Animal water requirements are high
And on the list goes.

Organic agriculture can do little about these
characteristics
1.It might reduce, or eliminate, the use of antibiotics and
hormones
•
That’s a human health benefit perhaps?? but not significantly
environmental

2.It might feed the animals organically produced plant
materials
•

Which has negative land-use implications

3.It might allow them to graze in pastures, reducing feedlot
demand
•

Which also has negative land-use implications

Organic plant agriculture is mostly focused on
synthetic pesticide and herbicide elimination

• Most synthetic pesticide and herbicide used in
conventional farming are organo-phosphate based
and very environmental damaging
• But GM agriculture uses glyphosate as a herbicide
• It uses nothing as a pesticide – the plant produces
the required toxin
– Moreover, almost all organic agriculture uses the
bacterium Bt as a pest control

So this is a GM-Organic stalemate

Organic Food is Healthier
There is no evidence to support this claim

The House of Commons Agricultural Committee (UK) reported in
2001:
“This is not to accuse the organic movement of misleading the public
but it is perhaps true that the public has a perception of organic
farming that is, at least partly, mythical. We believe it important that
the claims can be tested and verified in order that consumers
know what they are really buying. The statement from the Food
Standards Agency (FSA) in August 2000 that it "considers that there
is not enough information available at present to be able to say that
organic foods are significantly different in terms of their safety and
nutritional content to those produced by conventional farming" raised
a furore, but illustrates the limits of claims which can be scientifically
sustained. Research to sustain or quantify the claimed benefits of
organic farming is badly needed.”

The Parliamentary Information and Research
Service of Canada (Forge, 2004) reported:

“Although beneficial to the environment, organic
farming methods are not guaranteed to produce
healthier foods than those produced by conventional
farming methods. ... The label “organic” does not
provide any guarantee of a product’s quality and
nutritional value.”

Given the significant increase in consumer interest in organic food products,
there is a need to determine to what extent there is a scientific basis for claims
made for organic produce. Studies comparing foods derived from organic and
conventional growing systems were assessed for three key areas: nutritional
value, sensory quality, and food safety. It is evident from this assessment
that there are few well-controlled studies that are capable of making a
valid comparison. With the possible exception of nitrate content, there is
no strong evidence that organic and conventional foods differ in
concentrations of various nutrients. Considerations of the impact of organic
growing systems on nutrient bioavailability and nonnutrient components have
received little attention and are important directions for future research. While
there are reports indicating that organic and conventional fruits and vegetables
may differ on a variety of sensory qualities, the findings are inconsistent. In
future studies, the possibility that typical organic distribution or harvesting
systems may deliver products differing in freshness or maturity should be
evaluated. There is no evidence that organic foods may be more susceptible to
microbiological contamination than conventional foods. While it is likely that
organically grown foods are lower in pesticide residues, there has been
very little documentation of residue levels.
Bourn, D. and Prescott (2002) Journal of Food Science and Nutrition 42:1-34

An absence of evidence doesn’t mean there is not a
difference
But other factors suggest that a difference will not be found
One frequently cited concern is that chemical used in
agriculture and in food production are carcinogens

Aimes et al have pointed out that natural carcinogens
(carcinogens that plants produce) swamp the minute
traces from pesticides and herbicides
“The U.S. Food and Drug Administration (FDA) has
assayed food for 200 chemicals including the synthetic
pesticide residues thought to be of greatest importance and
the residues of some industrial chemicals such as
polychlorinated biphenyls (PCBs). The FDA found
residues for 105 of these chemicals: the U.S. intake of the
sum of these 105 chemicals averages about 0.09 mg per
person per day, which we compare to 1.5 g of natural
pesticides (i.e., 99.99% natural)”
(Proceedings of the National Academy of Science (USA) )

In addition
“The cooking of food is also a major dietary source of
potential rodent carcinogens [chemicals that, at
exceptionally elevated levels, have been found carcinogenic
in rodents]. Cooking produces about 2 g (per person per
day) of mostly untested burnt material that contains many
rodent carcinogens – e.g., polycyclic hydrocarbons,
heterocyclic amines, furfural, nitrosamines and
nitroaromatics as well as a plethora of mutagens. Thus, the
number and amounts of carcinogenic (or total) synthetic
pesticide residues appear to be minimal compared to the
background of naturally occurring chemicals in the diet.”
(Aimes)

Organic is More Natural
If “natural” means “without human intervention”
it is vacuous
Potatoes originated high in the Andes of Bolivia and Peru

Humans have:
• selected and hybridized original potatoes for over 2000
years
• yielding those that have characteristics desirable for
agriculture
If natural processes were doing the selection, the probability
today’s potatoes would exist is vanishingly small

Tomatoes today bears little resemblance to any tomato variety
2000 years ago or even to those found in Mexico by Cortes in
1519
• Tomatoes started out as small berries growing on bushes
in the west coast deserts of South America
• The Aztec domesticated the tomato, which resulted in a
fruit closer to ones familiar today
Without human manipulation of nature, it is exceptionally
unlikely (a probability approaching 0) that we would have
anything remotely close to the contemporary tomato
The same is true of cattle, goats and other agricultural animals;
they have all been domesticated by humans (shaped by
artificial selection) for human purposes

No organic farmer would take these human supersedings of
natural processes to be a reason to avoid growing the selected
potatoes
If an organic farmer did, the acceptable plants and
animals for farming would be near zero.

A Problem for Organic: Yields
Notwithstanding some complexities, the evidence that has been
generated does seems clear, organic yields are lower, sometime
dramatically lower, than conventional yields
Many EU countries have promoted organic farming and provided
significant subsidies; nonetheless the organic sector has remained
very small
Acres of organic farming to total acres of farming vary:
– From a high of 11.1% in Austria (US$9.9 million in subsidies; US$27.5 per
acre)
– To a low of .4% in the US (in between: Denmark is 5.5%, Canada .58%,
France 1.9%, Italy 7.7%, Switzerland 7.4%, and Sweden 6.4%)
Sources: data on total acres in agriculture is from Food and Agriculture Organization of the
United Nations and acres in organic farming is from International Federation of Organic
Agricultural Movements.

In a pluralistic and open society, there is clearly a place for organic
farming in the overall solution to the environmental concerns but it
will remain a boutique part of agriculture

It must be complemented by GM agriculture

