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World
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Corn yields

Troyer AF 2006. Crop Sci. 46:528-543

Era of land races



Land needed to grow 1 bushel 

of corn

 6 lbs of beef, 13 lbs of pork, 20 pounds of 

chicken, or 28 lbs of catfish

2030 145 ft2

2009 264 ft2

1997 340 ft2

1970s 484 ft2

1950s 968 ft2

1866-1920

1742 – 1452 ft2

Marc Brazeau 2014http://www2.kenyon.edu/projects/farmschool/food/bushel.htm



Acres of arable land per person

2027

4.0

8 billion

1960

10.6

3 billion

There is no more land for agriculture
Must use same amount of land for more food production

2011

4.5

7 billion

2038

3.5

9 billion

2000

5.3

6 billion

http://www.worldometers.info/world-population/



Modification vis Genetic 

Engineering



Transgenics occur in nature

http://www.npr.org/sections/goatsandsoda/2015/05/05/404198552/natural-

gmo-sweet-potato-genetically-modified-8-000-years-ago

Proc. Natl. Acad Sci USA 112:5844-5849



Terminology

Cross directly: Wheat

Move a chunk of 

chromosome with hundreds 

of unknown genes

X

GMO

Today:

Isolate & move 1 known gene

= Genetic engineering

Sears, E.R.  1956.  The transfer of leaf-rust resistance form Aegilops umbellulata to wheat.  Genetics in Plant Breeding Brookhaven Symposium #9.



Vocabulary
2016 Version

Biotechnology

Genetic modification

GMO
• A transgenic made using genetic engineering

Transgenics
•A plant with DNA from another 

species



GMOs



www.isaaa.org & www.organic-world.net yearbook

Use of GM crops
(millions of acres) 18 million farmers in ~28 countries

http://www.isaaa.org/
http://www.organic-world.net/


Area planted since 1994
18 million farmers in 2015 in 28 countries

 6.890 million sq mi

 = 2.2x the size of continental US



GM crop overview

Remember when they 

said “Genetically 

Engineered potatoes, 

what can possibly go 

wrong?” 



Herbicide tolerance

 Facilitates no-till

 Protects soils from erosion

 Saves fuel

Corbis

Transgenic corn in Honduras



Soil erosion
Greatest threat to sustainability

http://thelensnola.org/2013/05/08/studys-key-question-is-ole-muddy-

muddy-enough-to-rebuild-the-coast/



Scale-neutral technology

http://david.farmnet.com.au/2010/02/05/31-combines-harvesting-at-the-same-time/

Photo:  INBIO, Paraguay: no-till seed drill



Car equivalents – 2012

 Plowing is fuel-

intensive

 Carbon savings from 

no-till GM crops

 = to parking 11 Million 

family cars for 1 year

http://www.pgeconomics.co.uk/pdf/2014globalimpactstudyfinalreport.pdf

http://www.pgeconomics.co.uk/pdf/2014globalimpactstudyfinalreport.pdf


Glyphosate tolerant sugar beet

Photo: Andrew Kniss



Superweeds

Stanley Culpepper, University of Georgiahttp://www.usnews.com/news/articles/2012/10/19/herbicide-resistant-super-weeds-increasingly-plaguing-farmers



Number of resistant weeds

Due to 

conventional 

agriculture

Ian Heap, http://WeedScience.com

Due to transgenic 

agriculture

1st superweed = 1957

Herbicides used for Chipotle 

nonGMO sunflower oil



Resistance against insects
Bt crops

Bacillus thuringiensis



Bt cotton

Cotton bollworm



Bt crops - corn

Corn borer

El Salvador
Company Advertisement



Rootworm-resistant corn

Control

Transgenic

With 

insecticide



Corn Earworm

Photos:  Zamorano, Honduras by María Mercedes Roca;  NPR

http://www.cbif.gc.ca/spp_pages/noctuoidea/jpgs/111095.jpg


Fruit borer-resistant brinjal
Bangladesh



Insect Resistance 

Management

 Computer models predicted that Bt would work for ~8 
years with proper management

 Has worked for more than 12 years

• Sporadic outbreaks in Arizona, India, South Africa

• Failure in Puerto Rico

• Midwest on watch for possible failure



Miscellaneous traits

Label or no label…. 

I say it is genetically 

modified



Drought tolerance

http://cornandsoybeandigest.com/site-files/cornandsoybeandigest.com/files/uploads/2015/01/DroughtTrial2012%20SE%20Nebraska1.JPG

http://www.napsnet.com/articles/68490.html

http://www.napsnet.com/articles/68490.html


High oleic oil
Eliminates transfats



Prevent food spoilage

Non-browning potato & apple

JR Simplot &

Okanagan Specialty Fruits 



Is browing trivial?

 400 million lbs of wasted potato

 $90 million in producer costs

 60 million lbs of CO2 emissions

 6.7 billion gallons of water

 170,000 acres planted and sprayed 



Blight-resistant potato

JR Simplot Company



Brazilean bean

Photos:  Franciso Aragão, EMBRAPA



Papaya

Corbis

Dennis Gonsalves



Virus resistance: Squash

Justice III Conqueror III Liberator III Judgment III



Liabilities

 Fresh produce only

 Less likely to be imported

 Cannot leave the US

 Cruise ships

 Caribbean resorts that buy US produce

Justice III Conqueror III Liberator III Judgment III



GMOs & agrichemical use



Use of GM Leads to Lower Environmental 

Impact Quotient, 1996-2012

HT Beet

http://www.pgeconomics.co.uk/pdf/2014globalimpactstudyfinalreport.pdf

Percent reduction in environmental damage



Health



 Foods produced from 
genetic engineering 
must be at least as safe 
as their conventional 
counterparts
 No allergies

 No new toxins

 Same nutrition

 Conventional food = GRAS

 Generally Regarded As Safe

The criterion



Prior to commercialization
Must ensure there are no unintended effects

42

International 

market

Lead Event

China MOA

http://www.fsc.go.jp/


How about the adverse reports?







Misuse of statistics
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0
,0

0
0

E.g., Relationship between transgenics, glyphosate and liver cancer

= >99.9999%

Nancy Swanson

% of GMO corn & soybean

Glyphosate x 1000 tons



Misuse of statistics

Per capita consumption of cheese 

correlates with

Number of people who died by becoming 

tangled in their bedsheets

http://www.tylervigen.com/

http://www.tylervigen.com/discover?type_select=fun&link_var=Per+capita+consumption+of+cheese+(US)&exclude_county=ON
http://www.tylervigen.com/discover?type_select=death&link_var=Number+of+people+who+died+by+becoming+tangled+in+their+bedsheets&exclude_county=ON


Experiments designed for the 

purpose

M

Where’s the 

control 

treatment?



 Use Sprague-Dawley rats that
normally get tumors by the
time they are 2 years old

 A group of 10 compared to a 
group of 90
 Odds are that the first death will

occur in a group of 90 than in the
group of 10

 Don’t release the data and the
experimental details

 Have a movie crew in the lab
filming the “experiment”
 We Are all Guinea Pigs

Experiments designed for the 

purpose







Source: Infascelli Lab



Looking at the ‘data’

Fig 1 2015

Fig 1 2010

Colostrum

Milk & Blood



Looking at the data

Fig 2  2010

Fig 2  2015

Kidney muscle 

spleen heart blood

Colostrum



Looking at the retraction

 Reason:  Self-plagiarism

 Author’s conduct:  Honest error

 Results:  Are still valid

Fraud-Data fabrication

Academic misconduct

Overall invalid



Real data: Dairy  trends
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Real data: Broiler trends
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GMOs can be useful!



Inverted risks
CDC:  121 outbreaks & 4,413 illnesses, 239 hospitalizations, and 3 

deaths between 1996-2006 from raw milk



GMOs & Dairy


