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Lecture 10:The Rock and a Hard 

Place Agricultural demand and 

GM applications in Agriculture
Technology and Health Issues

Geography 1000 

SPRING 2008

February 13

Some Terms for Our Test

ñGoldenò Rice and Vitamin A pp. 219, ñFranken 

Foodsò pp. 219, Green Revolution pp. 222-223, 227

Problems with ñanimal farmingò pp. 225

Avian Flu pp. 225 

Biotechnology and Agriculture pp. 228-232

Cartagera Protocol pp. 231

Precautionary principle pp. 231

Hunger in the US ï38 million persons

without food security pp. 234

Causes of Hunger: poverty, drought, 

And war pp. 238-239

Food aid in 1996 and 1999 pp. 240

47

Will Humankind be doomed by 

ñFrankenfoodsò or will ñGMOsò save 

the planet by providing new sources of 

food?

OR

ñEvery [NATIONSô] governments are supporting 

biotech agricultural research.ò  Molly Cline--

Director of Food Industry Relations for Monsanto

ñI believe that genetic modification (GM) is much 

more than just an extension of selective breeding 

techniques. Mixing genetic material from species 

that cannot breed naturally takes us into areas 

that should be left to God. We should not be 

meddling with the building blocks of life in this 

way.òThe Prince of Wales

St James's Palace, December 1998

Technology and Society

ÅAll too often, the effects of any given technology 

are not clear in the early stages of adoption. It 

would be great if it was clear, but this is just not 

the case. There are too many implications to bio-

technology to say, ñItôs goodò or ñItôs bad!ò

ÅBt crops present a useful real-time case study 

which reflect the structural conditions associated 

with the introduction of new technology.
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Biotechnology Current Successes
ÅBiotech crops can reduce pesticide use 

in corn and cotton.

ÅBiotech crops can boost the nutritional 

value of crops.

ÅCombat animal diseases by producing 

a vaccine which prevents ñshipping 

feverò in feedlots.

ÅCrops with resistance to viruses such 

as ñlate blightò on the potato (Caused 

the potato famines in the 1840s)

Media responses to Bio-technology

ÅLargely evolved from European Union and 

Japanese rejections of Bt-grain imports of wheat, 

corn, and soybeans in the wake of the British and 

Canadian ñmad cowò epidemics.

ÅLaws are coming which will require Bt products to 

be labeled--resistance to this by farmers concerned 

about keeping costs low AND access to markets!

ÅConcerns that introduced genes could be toxic or 

allergenic. PROOF IS LIMITED AS BEST AS I 

CAN Determine.

What is biotechnology?

ÅA Collection of scientific techniques 

including genetic engineering, that are 

used to create, improve, or modify 

plants, animals, and microorganisms.

ÅFor crops, most products have been 

developed for corn, cotton, potato, 

soybean, tobacco, and tomato

How widespread are Biotech 

crops?

ÅOver 20,000 field trials have been 

completed since 1987 (to end 2007). More 

than 100 new agricultural products have 

been released commercially ranging from 

longer-lasting tomatoes to pest resistant 

corn. 167 million acres of crop land 

(worldwide) were planted to bio-engineered 

crops in 2004.

Risks of GM Foods and Other 

Products

Are there environmental risks involved in 
producing genetically altered foods?

Å unintended modification of similar species in the 
neighbouring fields due to cross pollination

Å disturbing the balance of ecosystems 

Å development of super pests 

Å whether it is acceptable to move genes between 
plants or animals which do not normally 
interbreed

Å Ethicalor religious implications---Are we 
ñplaying Godò?

Details of the Dangers

1. potential transfer of traits to other plants and 

potential may have adverse effects on other 

organisms 

. For example, if a plant has many wild           

relatives, it could pass a gene to one of those, 

resulting in an outcross plant species with some 

undesirable traits. The wild plants could develop 

into a fast-growing weed species, for instance. 

Whether outcrossing is a problem depends    on 

the trait that's introduced, as well.
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Possible Long-term health 

Effects

ÅGM products used in processed foods are  

impossible to identify without labels.

ÅHealth risks may not be apparent under 

short-term testing conditions.

ÅCumulative impacts on health are not 

known. This is true for ALL food products 

to some extent.

Example from the marketplace

ÅThe Case of the Brazil Nut Soybean

In the early 1990s, one of the world's largest seed 

companies, Pioneer Hi-Bred, developed a more 

nutritious type of soybean by adding a gene taken 

from Brazil nuts. The project was dropped when 

it was discovered that the novel soybean would 

trigger a major attack in people with Brazil nut 

allergies. How many peeople in this class have 

nut alergies? So, this could be a real danger.

The US trade in GM foods has caused 

significant Anti-American protests throughout 

Asia and Europe

Foods made with soy, including tofu sold by United 

States firms are likely to contain genetically 

modified organisms (GMOs) BUT in the US, firms 

do NOT have to disclose GM content. Is this what 

we want?.

Greenpeace 1999 

The Genetics of GM Foods

There are thousands of genes in a plant.  When 

a scientist adds new genes from an animal, it 

gives that plant several new proteins. But these 

proteins would not seem to give animal 

characteristics to the vegetable. One of the 

things people probably don't realize is that there 

are genes in humans and animals that are in 

plants. There is a gene that occurs in rice  that 

also occurs in the human brain. Vegetarians 

would not avoid rice because  of that.

Are you eating GM foods?

ÅDarn tootinô Fig Newton!!!  

In the USA, 48 food products derived from 

genetically modified crops have been 

approved by the  government. American 

consumers can eat genetically modified 

tomatoes, potatoes, strawberries, and food 

products made from genetically modified 

soy, corn and more. 
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How are transgenic plants generated?

The bacterium Agrobacterium 

tumefaciensis a pathogen of plants that 

causes crown gall tumors.

Crown gall tumor

Agrobacterium tumefaciens

grown on perti dish

To transfer a gene of interest into 

plants, the bacterium is engineered 

to contain two plasmids. A Ti 

plasmid that lacks T DNA, and thus 

canôt cause crown gall disease, and 

recombinant plasmid that has a 

selectable trait (here the gene that 

confers kanamycin resistance) and 

the gene of interest flanked by the T 

DNA repeats. The vir genes of the 

Ti plasmid now cause the gene of 

interest to be transferred into plant 

cells.

The generation of a GM plant
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Agrobacterium mediated transfer 

works for dicots, like cotton, but not 

monocots, like corn or wheat. 

There are more direct ways to get 

DNA into monocots.

One way is to shoot it in with a ñgene gunò using gold 

particles coated with DNA as ammo. This approach is 

sometimes referred to as biolistic transformation.

A gene gun

OK, now what do genes do we put into the plants?

Genes that act as pesticides.

Genes for herbicide resistance.

Genes to increase nutritional value.

Any many more!!!

U.S. Biotech Crops

Year   % of Acres
Introduced 2003

Herbicide Tolerant
Soybeans 1996 80

Corn 1997 12

Canola 1999 91

Cotton 1995 75

Insect Resistant
Corn 1996 29

Cotton 1996 40

Sweet Corn 1998 <1

Virus Resistant
Papaya 1998 52

Squash 1995 ?

Roundup Ready Soybeans:

U.S. Adoption
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Roundup Advantages in 

Soybeans

ÅBetter weed control

ÅImproved crop safety

ÅFewer application trips

ÅNo need for tillage

ÅFewer active ingredients

ÅTaller weeds can be killed

ÅLess expensive
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Canola 

Biotech Herbicide Tolerant Conventional

Glyphosate Application

8 Days After Glyphosate Application

5 Weeks After Glyphosate Application

Cotton Weed Control:

Mississippi

(Pre 1997)

# of Herbicide Applications 5/A

# of Active Ingredients 5/A

# of Tillage Passes 3/A

Cotton

Untreated Biotech Herbicide Tolerant

Impact:  + $ 132 million in net income

Bt Cotton

Insect 

Susceptible

Biotech Insect 

Resistant

Impact:  -1.9  million lbs/yr insecticide use

Grower Benefits of

BT Field Corn

Borer Pressure

Low High

Per Acre

Yield Increase (bu) + 5 + 10

Benefit +  $2 + $12

USEPA, 2001
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Adoption of Bt Corn
Bt CornValue

(bu/A)

Low High

Texas 3 40

Kansas 5 40

Oklahoma 8 18

Colorado 7 23

Louisiana 4 30

Bt Corn 

Biotech      

Insect   

Resistant

Insect 

Susceptible

Impact:  + 3.5 billion Lbs./year production

Bacillus thuringiensis (Bt)

A bacterium that kills insects.

First discovered in 1911 as a pathogen of flour moths.

First used as a commercial insecticide in France in 1938.

Used in the USA in the 1950s.

Replaced by more effective insecticides in the 1960s.

With resistance to synthetic pesticides, Bt research 

funded in the 1980s.

Organic farmers use Bt as insecticide.

Bt strains produce a complex mixture of toxins that kill 

certain types of insects.

Initially, Bt was available only for control of lepidoptera, 

but other Bt stains are active against larvae of 

coleoptera (beetles), diptera (small flies, mosquitoes), 

and insect vectors of some tropical diseases.

The end of the insect

One of the main insecticides Bt produces is a 

large protein that must be activated before it 

has any effect. The protein forms highly 

insoluble crystals under normal conditions, so 

it is safe to most animals. It is solubilized in 

the conditions found in the gut of lepidopteran 

larvae. For this reason, Bt is a highly specific 

insecticidal agent. 

Once it has been solubilised in the insect gut, 

the protoxin is cleaved by a gut protease to 

produce an active toxin termed delta-

endotoxin. It binds to the midgut epithelial 

cells, creating pores in the cell membranes. As 

a result, the gut cells die, the larva stops 

feeding, and the gut pH is lowered by 

equilibration with the blood pH. This lower 

pH enables the bacterial spores to germinate, 

and the bacterium can then invade the host, 

causing a lethal septicaemia. Structure of delta endotoxin

Bt spores and crystals

Is Bt Corn really different?

ÅIn some ways, the production of Bt 

corn is no different than the production 

of HYV corn (high yield varieties). 

BUT, the insertion of new genetic 

material can change, color, quality, and 

cost.


