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• Poor soils 
• Unfavorable environment 
• Little or no chemical input 
• Small Holdings  
• Drought 
• Market Access 
• Disease, Pests, Weeds 
• Storage and Transportation 



Food and Agriculture Organization (FAO) 

To feed a world of 9 billion people in 2050, without 
allowing for additional imports of food: 

Africa has to increase its food 
production by 300 percent 
Latin America by 80 percent; and Asia by 70 percent. 
Even North America must increase food production 
by 30 percent 

• Without an Increase in  Farm Productivity,  
Additional 1.6 Billion  Hectares of Arable Land will be 

Needed by 2050! 













Source: www.fao.org 



Plant Breeding - Genetic Modification by 
Farmers and Conventional Breeding  
(photos: Dr. Wayne Parrott, Univ of Georgia) 



•  Humans have always guided 
the evolution of crops 

•  A small sample of wild plants were 
chosen and domesticated 

•  10,000 years of Selection. 

•  All crops we grow today were once 
wild plants. But no crop would 
survive in the wild any more. 

•  Crops, strains and genes have 
moved around the globe.   





www.mpiz-koeln.mpg.de/pr/garten/schau/Triticumaestivum/wheat.html 

Einkorn x wild  Emmer x goat grass    Bread 
      wheat                                    wheat  



Wild
cabbage

Kale, 500 BC

Cabbage, 100 AD

Kohlrabi
Germany, 100 AD

Cauliflower
1400's Broccoli

Italy, 1500's

Brussel sprouts
Belgium, 1700's



Courtesy: John Dobley, U Wisc. 



Carrot 



•  Developing Modern 
Varieties of Crops 
–  Hybridization 

•  Crosses with Wild 
Relatives 

•  Hybrids    
–  Mutation  

•  Irradiation 
•  Chemicals 

–  Cell Culture 
•  Embryo Rescue 
•  Somaclonal variation 



(Source: National Geographic) 















•  $44 billion addition income 
•  Reduced pesticide spraying by 359 

million kg  
•  Environmental Footprint of pesticide 

down 17% 
•  Reduced greenhouse gas - removing 6 

million cars from the roads 
•  Produced 150 million tons more  food   

Source: Graham Brookes and Peter Barfoot (PG Economics Ltd., UK) 

The benefits so far… 









The percentage of Indian cotton farmers growing  
Biotech Bt Cotton now is 

a.  20 
b.  50 
c.  90 







•  Bt Cotton - yield increases  up to 40%.   
•  ~90% of Indian cotton farmers grow Bt 
•  Savings up to $182 per hectare 
•  More than 600 varieties  
•  Spraying reduced from 12 to 1 
•  Both private and public sector 

India 



‘GM’ Eggplant in India – Not Approved! 



Bt 

Convencional 





Virus resistant papaya in Hawaii 





Source: www.arborgen.us 







(From Nature, Oct. 1 2010 



Resistance to Virus and Weevil 
Enhancement of Nutritional Protein 









Black	  Sigatoka	  Disease	  of	  
Banana	  





•  Extended period of deficiency in water 
supply!
•  Major constraint to farming!
•  Spurred Green Revolution in India? 



•  Most important environmental stress on farming 
•  Average 50% crop loss 
• Agriculture  - 85% of freshwater withdrawal  
• Need more “crop per drop” 



Drought in Southern Africa -  
Impact on vegetation 

(Source: NASA) 



Recorded droughts between 1971 and 2000, 
and the number of people affected 

(Slide source: Dave Songstad, Monsato) 



Source: http://technology.newscientist.com/ 





Photo: Monsanto Co. 

Drought Tolerant Corn 



Rootworm-resistant corn 

Control! Transgenic! With insecticide!



Striga = witch weed 













Transgenic Carnation 
 (Photo: Wayne Parrott) 

In Colombia 





•  As Safe as Conventional Food 
•  Subject to High Regulation - FDA, EPA, USDA 
•  Every Product Tested on Case-by-Case  
•  Over Billion Acres Grown Since 1996 
•  More than 10,000 Food Products Contain GM 
•  Not One Single Instance of Hazard 
•  Dozens of Scientific Societies Have Endorsed it 
•  >5,000 Scientists plus 24 Nobel Laureates 
•  EU Scientific Commission - ‘Safer than 

Conventional Food’ 



 Standard - “Reasonable certainty that no harm will  

result from intended uses under the  

anticipated conditions of consumption”  

 Food is not inherently safe 

 Considered to be safe based on experience 

 Not absolute but relative safety 

Assessment of Food Safety 



Regulatory Systems in the U.S. 

Field testing 
permits 
notifications 

Determination  of  
nonregulated 
status 

Food safety 

Feed safety 

Pesticidal plants 
tolerance 
exemption 
registrations 

Herbicide 
registration 

*  Voluntary  Con- 
sultation process for 
substantially equi- 
valent products. 



Post 
Market 

Transfor- 
mation 

Line 
Selection 

Variety 
Development 

Field 
Production 

Market Gene 
Discovery 

GH & Field 
Evaluation 

Product 
Concept 



Substantial Equivalence - Evaluation 

PHENOTYPE 

• Morphology 

• Agronomic 
• disease 
resistance 

• drought 
resistance 

• yields 

• Organoleptic 

COMPOSITION 

• Macronutrients 

• AA composition 

• FA composition 

• Anti-nutrients 

• Toxic substances 

• Allergens 

• Specific 
constituents 

SAFETY 
ASSESSMENT 

• Toxicity 

• Allergenic potential 

• Nutritional 

FEED 
EQUIVALENCE 

• Performance 



•  Evaluate Key 
•  - Nutrients 
•  - Vitamins 
•  - Minerals 
•  - Anti-nutrients 
•  - toxicants 
•  - Allergens 
•  - Others 

List depends  
on crop 

OECD Consensus Documents 



Animals fed biotech corn products perform in a comparable 
manner to animals fed conventional corn products 

No Significant Differences in: 

 Feed Intake 

 Body Weight 

 Carcass Yield 

 Feed Efficiency 

 Feed Conversion 

 Milk Yield 

 Milk Composition 

 Digestibility 

 Nutrient Composition 



FQPA Application to Plant 
Incorp. Protectants 
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Proposed 
EPA Policy 

(5 
proposals) 
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IRM Public 
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(Texas) 
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SAP Data 
Requirements 
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Monarch) 

Final Rule / 
Proposals 

15 years of public input 
into EPA Policy 

Regulatory Path for Bt Corn 

1  Science Advisory Panel 
2  Biotech Science Advisory Committee 
3  Pesticide Program Dialogue Committee 











•  Nearly 13 Million people  
in 19 African countries 
faced severe hunger and 
starvation during 
2003-2004 

•   About 300,000 faced 
death 

•  World Food Program 
•  US Donated 500,000 tons 

of corn 













• Improve Food and Nutritional Security  
• Increase Crop Productivity  
• Enhance Production Efficiency  
• Reduce Crop Damage& Food Loss  
• Promote Sustainable Agriculture 
• Reduce Environmental Impact 
• Empower the Rural Sector through Income Generation    
• Reduce Economic Inequity 

How Can Biotech Help  
Third World Agriculture? 







Change is Inevitable, Progress is Optional 






