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Fig 1. General schematic of GM crop 
production. Source: The Science Creative 
Quarterly, Issue 4, 2009 
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GLOBAL HOPES AND FEARS

Risk, Regulation and Reward:  

GE Crops Are Here to Stay, But Do Their Purported Benefits 
Outweigh Their Potential Risks? 
 
by Gregory Jaffe, Director, Biotechnology Project, Center for Science in the Public Interest, Washington, D.C. 

 
Last year, 158 million acres of genetically engineered (GE) 
crops were grown across the United States, according to the 
International Service for the Acquisition of Agri-biotech 
Applications (ISAAA), a nonprofit that monitors these 
crops.  Among the GE varieties harvested were 85 percent 
of all U.S. corn, 91 percent of all U.S. soybeans, and 88 
percent of all U.S. upland cotton, reported the U.S. 
Department of Agriculture’s National Agricultural Statistics 
Service.  Most of the field corn and soybeans were used for 
animal feed and industrial purposes (such as corn for ethanol 
production).  Some of them were also used to produce 
popular food ingredients such as corn oil, soybean oil, high 
fructose corn syrup and corn meal, ensuring that the 
majority of Americans currently consume everyday foods 
with ingredients made from engineered crops.  
 
Since their debut in the 1990s, GE, or biotech, crops have 
become part of mainstream agriculture in the United States, 
and many other developed and developing countries.  Their 
advent has not been without controversy and concern for 
human health, and critics, as well as devotees, are plentiful.  
To date, however, the risks raised have not materialized.  
And while not all the merits touted by the developers have 
emerged either, significant benefits have been documented, 
and adoption of GE crops is on the rise worldwide.     
 
A Snapshot of Genetic Engineering 
Genetic engineering in agriculture involves taking a gene 
from one species and introducing it into a cell of another 
species to produce a desired trait or product in the resulting 
organism and  
its progeny.  After scientists introduce the foreign gene into 
the plant cell in the laboratory, farmers sow the engineered 
seeds, and the resulting harvest is used to feed (or clothe) 
humans or animals, or to produce food ingredients, such as 
GE corn  
 

 
for corn flakes or oil from engineered soybeans for salad 
dressing.   
 
U.S. farmers began growing 
engineered crops in the mid-
1990s when herbicide-
tolerant soybeans and 
delayed-ripening tomatoes 
were commercially released.  
Engineered varieties of corn, 
cotton, canola, potato, 
squash and papaya that were 
herbicide-tolerant, virus-
resistant or produced their 
own pesticides followed a 
few years later.  These 
products helped to solve 
farm production issues by 
enabling farmers to increase 
yields and/or reduce costs 
by lessening chemical inputs 
and labor expenses, for 
example.  Adoption of 
engineered corn and cotton 
varieties by U.S. farmers 
increased tremendously 
between 2003 and 2008, 
when developers 
commercialized strains with 
multiple “stacked” genes – 
varieties that provided both 
herbicide tolerance and pest 
protection, or produced 
multiple pesticides to combat a 
variety of insect problems.   
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The Cultivation of Biotech Crops 
Given recent trends, over the course of this year, American 
and global production of GE crops will continue to grow.  
Meanwhile, the ISAAA reports that, worldwide in 2009, 14 
million farmers – 90 percent of them small, resource-poor 
farmers from 16 developing nations – planted 330 million 
acres of GE crops in 25 countries, up 7 percent from 2008 in 
both number of farmers and acreage.  Today, the United 
States remains the top producer of engineered crops, 
followed by Brazil, Argentina, India, Canada and China.    
 

Among developing countries, India and China have been the 
most significant adopters, with approximately 12.6 million 
mostly smallholder farmers growing almost 30 million acres 
of insect-protected cotton and other GE varieties.  In 
Europe, on the other hand, GE crops are extremely 
controversial.  Consumer and environmental organizations 
have questioned their safety and do not want to support U.S. 
multinational corporations that produce the engineered 
seeds.  In addition, the introduction of GE crops occurred 
during a time when the region faced a number of food-safety 
problems.  For these and others reasons, today only six 
European countries grow biotech crops (Germany 
discontinued GE planting in 2008), and those that do, such 
as Spain, Portugal and the Czech Republic, grow small 
amounts; in addition, GE products are not found in most 
European supermarkets.   
 
Adoption of first-generation GE crops has been driven by 
the economic benefits that accrue to farmers.  In the United 
States, for example, farmers growing conventional cotton 
use significant amounts of pesticides to reduce insect 
damage; but farmers who adopt GE cotton reduce the 
number of pesticide applications by as much as 50 percent, 
resulting in a total national decrease of almost 3 million 
pounds of such pesticide per year, according to the National 
Center for Food and Agricultural Policy.  Meanwhile, 

adoption of herbicide-tolerant soybeans by U.S. farmers has 
substituted an herbicide believed to be more environmentally 
friendly than that used on non-engineered seed; it also has 
increased farmers’ use of environmentally beneficial no-till 
farming and reduced their farm management time, enabling them 
to increase off-farm income, detailed the 2006 edition of 
“Agricultural Resources and Environmental Indicators,” a 
publication of the U.S. Department of Agriculture’s Economic 
Research Services. 

 
Controversy and Risk Assessment 

While current and future GE 
crops may yield significant 
benefits, they are also 
controversial because genetic 
engineering involves potential 
risks.  To date, no commercial 
GE crop has presented any 
food-safety risk or resulted in a 
documented human health 
effect; nevertheless, each new 
product must undergo an 
individual food-safety risk 
assessment.  Developers need to 
ensure – and the government 
must verify – that the 
introduced gene does not 
produce an allergen or toxin 
and that, by engineering the 
plant, there is neither reduction 
in its nutritional profile nor the 
migration of harmful substances 
normally produced elsewhere in 
the plant to any edible portions.  
Extensive laboratory testing 
needs to be done before any 

biotech crop enters the food supply.  No consumer wants to, nor 
should, eat a product from a GE crop unless an independent 
regulatory authority has verified its safety. 
 
Environmental risk assessment and management of GE crops is 
also necessary to ensure that biotech crops don’t negatively 
impact our environment more than current conventional 
agriculture.  Some environmental questions and concerns 
surrounding GE crops include:  
1. Can engineered plants transfer their introduced genes to 

wild relatives, and what effect could that have (e.g., 
weediness)? 

2. Can GE crops transfer their genes to native land races and 
impact biodiversity? 

3. How might these newly produced biotech substances 
impact non-target organisms (such as monarch butterflies, 
grasshoppers and deer)? 

4. Will pests evolve resistance to the pesticides incorporated 
in GE crops and return farmers to the chemical pesticide 
treadmill?   

(For a more detailed discussion of the potential environmental 
risks of GE crops, see Biotech Crop Risks- Ellstrand article) 
 
The most significant risks from GE crops to date, however, have 
been socio-economic and commercial.  When Starlink corn, a 
GE variety only approved for animal feed, got into the U.S. food 
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supply, it resulted in a more than $1 billion recall of food 
products.  More recently, when rice planted in the United 
States was found to be contaminated with small amounts of 
an unapproved, albeit safe, biotech variety, U.S. products 
were not recalled domestically because the regulatory 
agencies determined there was no food safety risk; however, 
trade with countries such as Japan was affected, greatly 
impacting American rice farmers.  In addition, the growing 
of GE crops that have been approved in the United States 
but not in trading partner countries in Europe, for example, 
has reduced U.S. exports of some commodities, and forced 
the channeling of exports – at lower prices and volumes – to 
specific domestic and international markets.  
 
Regulatory Systems, Situations and Shortcomings 
To address the potential risks of GE products, the United 
States, the European Union and many developed nations 
such as Japan and Canada have established and maintain 
functioning biosafety regulatory systems.  These systems 
review and usually are required to approve GE crops before 
they are planted, harvested and enter the food supply.  They 
employ existing laws and/or newly established ones, and 
vary in their scrutiny of GE products.  Other countries, many 
of them developing ones such as Vietnam, Malawi and 
Ghana, do not yet have functional biosafety regulatory 
systems, but will likely have them soon.  Meanwhile, more 
than 157 countries worldwide, including many African and 
Asian nations, are parties to the Cartagena Biosafety 
Protocol, an international trade agreement that requires the 
establishment of a national biosafety regulatory system to 
assess and manage potential risks of GE organisms.  
Noticeably, principal GE producers Argentina, Canada and 
the United States have not ratified the agreement to date, 
although America “participated in the negotiation of the text 
and the subsequent preparations for entry into force under 
the Intergovernmental Committee on the Cartagena 
Protocol” in 2003 and has been an observer at the meetings 
of the parties held after the Protocol came into effect, 
according to the U.S. Department of Agriculture (USDA) 
Website.  
 
The United States does, however, adhere to and maintain a 
federal regulatory system for GE products that, while 
perhaps not as stringent as other nations’, tends to be more 
transparent and participatory.  The U.S. biosafety regulatory 
system started in 1986 with the “Coordinated Framework for 
Regulation of Biotechnology.”  This document primarily 
focuses on three agencies – the Environmental Protection 
Agency (EPA), USDA, and the Food and Drug 
Administration (FDA) – and was a creative attempt to 
regulate an emerging technology using existing laws.  Under 
the framework, EPA uses the Federal Insecticide, Fungicide, 
and Rodenticide Act to regulate engineered crops that 
incorporate pesticides to ensure that these pesticides are 
environmentally safe and don’t leave residues that are 
harmful to humans on the food.  EPA has registered 
engineered crops under its authority and often imposes 
grower obligations to safeguard the environment and protect 
the longevity of the technology.  USDA regulates the release 
of any engineered plant under the Plant Protection Act to 
ensure that cultivating GE crops doesn’t result in a plant pest 
risk or other harm to agricultural interests.  For experimental 

crops, this involves imposing 
planting conditions that prevent 
cross-pollination and persistence of the engineered crop in the 
environment after a field trial has been completed.  The FDA 
applies the Federal Food, Drug, and Cosmetic Act to ensure that 
foods made from biotech crops are safe for human and animal 
consumption. 
 
While instituting a case-by-case review by two and sometimes 
three of these regulatory agencies, the Coordinated Framework 
has, however, resulted in gaps and ambiguities in product 
regulation, as agencies apply standards and procedures not 
designed to address GE products directly.  More specifically, the 
framework lacks adequate oversight to safeguard America’s food 
supply, protect its environment and encourage widespread 
consumer acceptance of safe products.  For example, FDA’s 
regulation of biotech crops does not require mandatory pre-
market approval, but instead involves a voluntary consultation 
process.  While such regulation may be welcomed by 
developers, it puts the burden on FDA to find a product 
potentially unsafe before it can prevent its introduction into the 
food supply – a backward, impractical and potentially dangerous 
arrangement.  It also means that the public is relying on the 
industry’s self-interested safety determination when it comes to 
GE products, instead of an independent safety assessment.  
Meanwhile, USDA ensures that engineered crops are not plant 
pests, but it does not address the broad environmental impact of 
growing GE crops across millions of U.S. acres.  The agency 
also has had difficulty ensuring that experimental crops don’t 
persist in the environment or enter the food supply after the 
growing season is over.   

 
In the February 12, 2010 issue of Science, Nina Fedoroff of the 
U.S. State Department and 14 other authors contend that “...the 
benefits of biotechnology have not been realized for the vast 
majority of food crops” as a result of a complex, costly and time-
intensive regulatory apparatus and the virtual exclusion of 
public-sector research, and molecular knowledge and techniques 
to improve harvests.  They argue for a reevaluation of the 
existing regulatory framework along with an authoritative 
assessment of data on genetically modified, or engineered, crop 
safety that encompasses “protein safety, gene stability, acute 
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toxicity, composition, nutritional value, allergenicity, gene 
flow, and effects on nontarget organisms.”  They also 
recommend that the USDA conduct safety testing of GE 
crops developed in the public sector.  Such measures would, 
they contend, level the playing field and set a welcome 
global precedent. 
 
The Future of GE Crops and Products 
In the meantime, GE crops continue to be consumed without 
incident.  Over the past decade, they have increased 
agricultural productivity and farm incomes, and delivered 
environmental and health benefits, including the decreased 
use of pesticides and an increase in no-till farming.  Under 
these conditions, over the next decade, biotechnology 
companies will continue commercializing additional GE 
herbicide-tolerant and pesticide-producing varieties for 
commodity crops.   
 
The next 10 years could also see second-generation biotech 
products, which will be much more diverse – and possibly 
more controversial.  Second-generation products might 
include complex input traits helpful to farmers such as salt 

tolerance, nutritionally enhanced products beneficial to 
consumers, and plants and animals “designed” to produce 
pharmaceuticals.  New engineered crops could include drought-
tolerant corn and cotton, and corn and soybeans that produce 
healthier oils (including omega-3 compounds).   

 
The coming years could also see the commercialization of GE 
crops developed by public institutions and private companies, 
and products that are specifically adapted to developing-country 
farmers and consumers.  
 
Future actions of developers and regulators will determine, 
however, whether the industry continues to mature and advance 
new products around the world in a safe manner.  And the U.S. 
government, in particular, needs to revise its biosafety regulatory 
system to ensure that GE products are adequately regulated, and 
are truly safe for both humans and the environment.  If a strong, 
but non-stifling, regulatory system can be implemented, 
investment in this promising technology will advance, 
consumers can have confidence in the new products, and 
benefits will continue to be realized.     

 

________________________                  __________In The Spotlight 
Biotech Crops Gain Global Foothold 
Genetically engineered, or modified, foods are a 
mainstay in middle America.  In fact, the United 
States is the number-one producer of transgenic 
crops, and experts say that as much as 60 to 70 
percent of processed foods on U.S. grocery shelves 
contain genetically modified (GM) ingredients.  
While the U.S. Food and Drug Administration 
(FDA) does regulate GM foods and applies the 
Federal Food, Drug, and Cosmetic Act to ensure 
that foods made from biotech crops are safe for 
human and animal consumption, it does not require 
food from GM animals or plants to be labeled as 
such. 
 
In many other countries, genetically engineered 
(GE) foods are controversial, micromanaged, and 
even banned.  Europe, in particular, has been 
ground zero for heated debate, and recent protests 
in India emphasize that GM foods are hardly a 
foregone conclusion.  Yet, worldwide production of 
such crops, and demand for them, is on the rise.   

 
Global Upswing in GM Crops 
Between 1996 and 2009, there was an unprecedented 80-
fold increase in global biotech crop acreage, with total 
accumulated acreage for the 13-year period topping 2 billion 
acres, according to the International Service for the 
Acquisition of Agri-biotech Applications (ISAAA) in its 
“Highlights of ‘Global Status of Commercialized 
Biotech/GM Crops: 2009’ ” by organization founder Clive 
James.  In 2009 alone, a record 14 million farmers in 25 
countries that together house more than half the world’s 
population planted 330 million acres of GM crops, an 

increase of 7 percent or 22 million acres over 2008, the 
service reports.  Today, more than three-quarters of the 
soybeans grown around the world are genetically modified, 
as is nearly 50 percent of the cotton and more than a quarter 
of the corn.  Developing countries, including Brazil, 
Argentina, India and China, now account for almost half of 
the global acreage of these and other biotech crops – and are 
expected to usurp the lead from industrial countries over the 
next five years.   
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Testing for GM Rice in China. Source: Greenpeace

Death procession of Bt Brinjal in Jhabua, Madhya Pradesh 
Source: http://www.i-sis.org.uk/gmProtestsIndia.php. ISIS Report 
30/04/08. © 1999-2010 The Institute of Science in Society. 
(ISS)  

By 2015, the ISAAA predicts 20 million biotech crop 
farmers and more than 490 million acres of biotech crops in 
40 countries.  Meanwhile, the United Nations (UN) projects 
the world’s population will top 9 billion by 2050, requiring a 
50 to 70 percent rise in global food production to feed all 
inhabitants in conjunction with anticipated crop failures, 
according to the International Food Policy Research Institute 
and the U.N. Food and Agriculture Organization 
respectively.  Climate change will impose further challenges 
on agriculture’s ability to meet food demands, particularly in 
the developing countries of Asia, Latin America and Africa, 
and new advances in food technology may offer both hope, 
and help.   
 
China 
Nowhere is the need to feed a burgeoning population as 
apparent as in China. 

 
The Asian giant is currently home to more than 1.3 billion 
people – more than 20 percent of the world’s population; yet 
it contains only 7 percent of the world’s productive land, 
with an ever-increasing portion of that land being lost to 
development and drought.  GM pest-resistant cotton is 
already grown on an industrial scale in China, and the 
country continues to invest hundreds of millions of dollars 
in biotech crop research and development.   
 
Meanwhile, in a landmark decision in November 2009, 
China approved a nationally developed proprietary insect-
resistant rice variety, as well as a biotech phytase maize 
(corn), for full commercialization in about two to three years 
(pending completion of standard registration field trials).  
Since rice is, according to the ISAAA, “the most important 
food crop in the world,” this decision could directly benefit 
110 million rice households (or 440 million people, 
assuming an average of four per family) in China and 
another 250 million rice households across Asia – an 
estimated 1 billion people.  It could also mean great 
improvements in both productivity and standards of living 
for the world’s impoverished rice farmers – delivering 
benefits (in the form of higher yields, greater productivity, 
and savings on pesticides and fertilizers) of $4 billion a year, 

while offering environmental benefits through the reduced 
need for broad-spectrum pesticides.  At the same time, 
biotech phytase maize could directly benefit 100 million 
households (400 million people) across China, the ISAAA 
reports, and will play an important role in feeding the 
country’s 500 million pigs (half of the global swine 
population) and 13 billion chickens, ducks and poultry, 
while reducing pollution from lower phosphate in animal 
waste.     
 
Following up on the move towards large-scale GM planting, 
in January 2010 in its "Number One Document,” an annual 
agenda-setting publication issued jointly by the ruling 
Communist Party and State Council, China listed the 
development of new GM crops as one of 16 major projects 
in its plan for scientific and technological development until 
2020.  In addition to GM rice and phytase corn, the 
government's plans include the development of pest- and 
disease-resistant GM rapeseed and soy, with research 
focusing on yield, quality, nutritional value and drought 
tolerance, according to a February 2010 article by Chen 
Weixiao on SciDev.Net.  But will China’s recent policies on 
GM foods be supported by strong science, management and 
legislation enforcement to curb unnecessary, and potentially 
damaging, risk-taking?    
 
India 
India too has been reeling from recent decisions involving 
GM foods.  Overturning a previous ruling by an official 
scientific advisory body, in February 2010, the Indian 
government issued a moratorium on the development and 
commercial release of Bt Brinjal, a GM eggplant engineered 
with a gene from the soil bacterium bacillus thuringiensis 
(Bt) to produce its own insecticide.  Bt Brinjal was to be 
India’s first biotech food crop, and, according to a February 
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11, 2010 Economist article, supporters of the product claim 
that it could reduce losses from insect damage by more then 
50 percent and cut pesticide usage by 80 percent.  
 
Meanwhile, India remains a significant producer of GM 
cotton, upping its adoption of the engineered product from 
80 percent in 2008 to 87 percent in 2009, according to the 
ISAAA.  Its success with GM cotton has revolutionized 
national cotton production, helping to transform the 
developing country from a cotton importer to a major 
exporter.  It has also been a boon for India’s biotech cotton 
farmers, who, the ISAAA reports, reaped an accumulated 
economic benefit of US$5.1 billion from 2002 to 2008.  GM 
cotton has also cut insecticide requirements in half, and has 
contributed to a doubling of yield, the service notes.   
 
 
Africa and Other Developing Nations 
Despite reluctance on the part of many of the continent’s 
leaders, biotech crops are also expanding their footprint in 
Africa.  Egypt is encouraging the use of the technology.  
And South Africa recorded a 17 percent growth in overall 
GM crop production in 2009, according to the ISAAA, 
while GM cotton acreage in Burkina Faso increased 1,353 
percent, from 21,000 acres in 2008 to 284,130 acres in 2009, 
the highest proportional increase worldwide last year.  
 

Meanwhile, American biotech giant Monsanto is donating 
its drought-resistant technology to the coalition Water 
Efficient Maize for Africa in an unusually generous move 
for Western agribusiness, and the Bill and Melinda Gates 
Foundation is funding research on a biofortified sorghum 
that could improve the nutritional status of millions of 
Africans, who rely on the grain for most of their calories. 
 
As GM crop production headlines in Africa, it continues to 
flourish in South America.  Regional giants Brazil and 
Argentina are currently the second and third largest growers 
of biotech crops worldwide after America, cultivating a 
combined total of more than 105 million acres.  In 2009, 
Brazil recorded the highest absolute growth in biotech 
acreage for any country in the world, with its 13.8 million-
acre increase equivalent to a 35 percent year-over-year 
growth between 2008 and 2009, the ISAAA reported.  
According to a February 25, 2010 article in The Economist, 
Brazil’s prominence on the GM foods front is due in large 
part to the government’s investment in local research 
centers.  These include the Brazilian Agricultural Research 
Cooperation, Embrapa, which in December 2009 received 
approval for the country’s first locally developed GM crop, 
an herbicide-tolerant soybean created in partnership with 
German chemical behemoth BASF.  Also among the globe’s 
top eight biotech crop countries last year was Paraguay, with 
more than 5 million acres, and Uruguay, Bolivia, Chile and 

Colombia are active 
producers as well. 
 
 
The European Union 
and the GM potato 
While GM crops are 
being embraced by 
South Americans, 
Europeans have 
largely rejected them 
on the grounds that 
they pose potential 
ecological and health 
issues.  The fact that 
Europe boasts scores 
of small farmers who 
were more threatened 
than thrilled by the 
advent of transgenic 
crops has also 
impacted adoption, as 
has the lack of a 
strong central 
regulator, like 
America’s FDA, to 
“bless” the technology 
and provide public 
peace of mind, noted 
Kenneth Klee in the 
September 1999 
Newsweek article, 
“Frankenstein 
Foods?”. 
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Of the 26 European Union (EU) countries, only six plant 
insect-resistant corn/maize, which is the only GM crop 
accepted there.  In 2009, these six nations planted 234,132 
acres, 9 to 12 percent less than in 2008, the ISAAA reports, 
with Spain growing 80 percent of all EU GM maize.  
Meanwhile, another six EU member states — Austria, 
Hungary, France, Greece, Germany and Luxembourg — ban 
the cultivation of GM maize on their territories, despite the 
fact that these bans were declared illegal in a 2006 World 
Trade Organization ruling that said the national safeguards 
were not based on scientific assessment of the risks, as 
required.  
 
At the same time, Europe’s demand for soy has genetically 
modified organisms (GMOs) knocking on the continent’s 
door.  According to the March 2010 TIME online article “Is 
Europe Finally Ready for Genetically Modified Foods?” by 
Leo Cendrowicz, Europe “has no choice but to import 
GMOs, since 75% to 80% of the global soya crop is from 
transgenic breeds.”  Current EU rules are tough, however: 
Any produce with more than 0.9 percent GM content must 
be labeled accordingly, and GM foods must be separated out 
of the supply chain to prevent contamination of organic 
food.   This has many EU businesses crying “foul,” and 
claiming that the Union’s strict policies, and general 
nonacceptance of GMOs, are hurting business, undermining 
potential profits and causing European agriculture, as well 
as EU farmers, to “lose ground against rivals,” the TIME 
article reports, noting that reticence regarding GM foods 
runs contrary to EU support for innovation and technology, 
and its birthing of some of the world’s biggest biotech 
groups.  
 
Regulations aside, Europe is sure to see an uptick in GM 
crop production this year.  That’s because in early March 
2010, the EU authorized the cultivation of GM potatoes, 
breaking a 12-year moratorium.  Created by BASF (an 
ironic twist, since Germany discontinued GM planting in 
2008), the GM potato is not intended for human 
consumption.  It has been developed to produce higher 
levels of starch for use in industries like paper 
manufacturing.  Austria has already said it will outlaw 
growing the potato, and Italy appears to be following suit.  
Meanwhile, according to an April 2010 article by Philip 
Case of UK-based Farmers Weekly Interactive, 17 GM 
products await approval for cultivation in the EU, and 46 
others are looking for permission to be used for food and 
feed, and to be imported and processed there. 
 
The “Business” of Biotech Foods 
Despite European reluctance as exemplified by Austria and 
Italy’s potato protestations, big firms are realizing 
significant profits selling GM seed.  According to industry 
consultancy Cropnosis, the market for agricultural 
biotechnology more than doubled between 2001 and 2006, 
from about $3 billion to more than $6 billion.  In 2009 
alone, the global GM seed market was worth US$10.5 
billion, and GM crops were valued at more than US$130 
billion, as estimated by Cropnosis and reported by the 
ISAAA.   At the same time, it is becoming more and more 
expensive (and perhaps even foolhardy), for farmers, and 
countries, to avoid GMOs.   

In their recently released survey, Graham Brookes and Peter 
Barfoot of the agricultural and food economics consultancy 
PG Economics calculate that the global net economic 
benefits to biotech crop farmers in 2008 amounted to 
US$9.2 billion, divided almost equally between developing 
and developed countries. Meanwhile, the accumulated 
benefits from 1996 to 2008 were US$51.9 billion, in another 
near-even split between developing and industrialized 
nations.  Of these economic gains during the 12-year period, 
49.6 percent were due to substantial yield increases, and 
50.4 percent were a result of a reduction in production costs, 
the survey reports.    
 
Yet the prices farmers must pay for GM seed keep 
increasing, due in part to rising licensing royalties by 
companies like Monsanto, the world’s largest seed producer, 
which, from 2005 to 2009, recorded five straight years of 
revenue and profit growth, reporting net gains of US $2.1 
billion on revenues of US $11.7 billion in 2009.  Still, 
according to Brookes and Barfoot, the total average cost to 
farmers worldwide for accessing GM technology across the 
four main biotech crops (soybean, maize, cotton and canola) 
in 2008 was “equal to 27% of the total technology gains.”  
 
But the “business” of GM foods amounts to more than 
company profits, and producer costs and returns.  GM crop 
benefits vary, are not necessarily universal – and may be 
overrated. 
 
Several studies do show that GM cotton farmers in India and 
China have higher yields and increased income, and that 
their use of Bt cotton increases the yields of neighboring 
non-GM cotton farmers through a spillover effect.  For 
example, one study released by The Associated Chambers of 
Commerce and Industry of India and reported on by 
Monsanto found farmers planting biotech cotton recorded a 
gross revenue benefit of 162 percent and used less 
pesticides.  But many small-scale farmers in India and China 
do not spray pesticides, so using engineered cotton may not 
significantly reduce pesticide use overall in these countries.  
 
GMOs may also put crops at risk for greater catastrophic 
failure, since the process of cultivating GMOs encourages 
monocropping, instead of crop rotation, notes an April 2010 
article on Aetna’s InteliHealth Web Site.  When this practice 
is coupled with the pesticides in GM plants, crops can 
become more vulnerable, and resistance in targeted pests 
may develop over time.  Both GM corn in Africa and 
biotech cotton in India have suffered crop problems and 
failures in recent years that may be related to the current 
process of growing GMOs.  Furthermore, the Institute of 
Science in Society, a UK nonprofit, has reported allergic 
reactions by Indian farmers and workers as well as animal 
illnesses and deaths related to the country’s Bt cotton fields; 
it has also noted alterations in the ecology of cotton pests, so 
that Bt cotton farmers are dealing with newer pests and 
diseases that may promote pesticide use.  
 
 
The Global Future of GM Foods 
GMOs are still relatively new, and their long-term effects on 
the environment, livestock and humans are unknown.  Yet 
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proponents tout GM crops as the obvious answer to the 
globe’s growing food needs, pest problems and commercial 
constraints, brought on in large part by increasing 
population density and public coffers in China and India 
coupled with dwindling land, water and energy resources.  
GMOs could, they say, offer the higher yields and reduced 
resource needs necessary to circumvent looming issues, 
especially given the current lack of documented risks and 
the plethora of quantifiable benefits associated with biotech 
crops.  Skeptics aren’t so sure, and organizations like the 
“Coalition for GM Free India” diligently monitor biotech 
crop production and work to raise awareness and foster an 
informed debate on GMOs. 
 
Continuing to discuss and scrutinize the existence, 
distribution and development of GM crops is both critical 
and responsible.  Meanwhile, the unveiling of more GM 
varieties and the planting of biotech crops proceed at a 
seemingly breakneck pace.  And “multinationals are not the 
only game in town,” reminds a February 25, 2010 
Economist article.   
 
China, India and Brazil are in the thick of future GM crop 
developments –with China significantly increasing 
agricultural research as it pushes forward with the 
development of several new GM crops and full 
commercialization of its nationally developed proprietary 
rice variety and a biotech phytase maize, while India and 
Brazil prepare for their own locally engineered cotton and 
soybean varieties to come to market.   
 
Charities, such as the Gates Foundation, are also funding 
GM crop efforts around the globe.  The Rockefeller 
Foundation, for example, is bankrolling a project to 

commercialize Golden rice in several Asian countries; this 
variety, which is engineered to produce beta-carotene, may 
be a partial solution to vitamin A deficiency in the 
developing world.  Also highly anticipated are the expected 
debut of drought-tolerant biotech corn in the United States 
in 2012 and in sub-Saharan Africa in 2017, the ISAAA's 
James reports. 
 
GM crop production and technology are now central to 
agriculture in the developing world.  This represents an 
about-face, as most GM crops previously engineered and 
available on the market were geared towards reducing 
production costs or the final value of the commodity in areas 
that already had high productivity levels, like the United 
States and other industrialized countries, notes the European 
Molecular Biology Organization (EMBO).   
 
In terms of global food production, GM technology must, 
the EMBO contends, continue to be made available to 
developing countries where researchers can create or vary 
crops adapted to local conditions.  And GM seeds that are 
developed locally, or with local or government input and 
research, “may not arouse quite so much opposition as those 
from large foreign companies, especially when they provide 
characteristics that make crops better, not just easier to 
farm,” points out a February 25, 2010 Economist article on 
the subject. 
 
The future of GM crops is rife with possibilities – and 
potential problems.  The challenge will be to ensure 
regulations and regulatory bodies remain in place and 
continue to be a strong and supported part of the process as 
we forge ahead into a future full of unforeseen food issues 
and possible dilemmas. 

__________________________________________________Also Noted

What Risks Do Genetically Engineered Crops Pose to the 
Environment? 
by Dr. Norman C. Ellstrand, Professor of Genetics, Department 
of Botany & Plant Sciences, University of California, Riverside 

 

Despite their successful development and proliferation over 
the last decade, genetically engineered (GE), or transgenic, 
crops carry potential risks.  Environmental biosafety 
concerns center around problems created directly by 
growing such crops, and problems created by unintended 
descendants of them. 

Genetically modified corn, commonly called Bt corn, is 
engineered to kill pests such as the European corn borer. 
However, an October 2007 study shows that Bt corn may 
also harm the caddisfly, which serves as food for fish and 
amphibians. The study also shows that parts of Bt corn, 
such as leaves, cobs and pollen, can travel as far as 2,000 
meters away from source areas – a phenomenon that was 
not considered when Bt corn was licensed.  
Credit: Zina Deretsky, National Science Foundation (ISAAA)  
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Some of the most nutritious foods are among the riskiest when 
it comes to foodborne outbreaks. Source: CSPI 

In assessing the direct environmental impact of transgenic 
crops, scientists have focused almost exclusively on the 
evolution of pests that are resistant to control, and unwanted 
effects on species in affiliated ecosystems, particularly from 
the use of transgenic herbicide-resistant plants.  The impact 
of this herbicide-resistance on diversity, however, depends 
largely on the type of herbicide, and where and how it is 
used. 

Emergence of resistance in pests targeted for control by or 
associated with transgenic crops is simply a matter of time.  
This inevitability derives from the fact that transgenic 
products currently use a single, uniform control method over 
huge areas. Most of the millions of acres of GE corn and 
cotton now grown in the United States, for example, are 
engineered with one or two bacterial genes from the species 
Bacillus thuringiensis (Bt), enabling the plants to make their 
own pesticides to target certain insect pests.  Because these 
Bt products do not kill all insect species, they are deemed 
relatively environmentally benign. But the National 
Research Council (NRC) considers the evolution of 
resistance to Bt crops unavoidable, and the evolution of 
resistant pests is a potential environmental hazard of 
transgenic crops because more environmentally damaging 
alternative treatments would then be needed for control.  

Meanwhile, the U.S. Environmental Protection Agency has 
issued guidelines mandating that farmers plant “refuges” of 
non-Bt varieties in plantations of Bt varieties to prevent or 
delay the evolution of resistance.  This strategy may be 
working, given that no pests have yet evolved resistance to 
Bt crops in the field, despite their commercialization for 
more than a decade.  

A crop engineered to interfere with the reproduction or 
viability of one or more pests, however, might also interfere 
with nonpest species. For example, while Bt corn was 
developed to control certain moth varieties, reports of 
potentially toxic effects on monarch butterfly larvae 
surfaced in the late 1990s.  A flurry of subsequent research 
demonstrated the effects to be highly variable, and current 
commercial Bt corn varieties are not considered hazardous 
to the larvae – but one variety that is no longer grown would 
have been. This illustrates that transgenic crops could 

impact nontarget organisms and that risk assessment 
research can help clarify whether a supposed risk is, in fact, 
a problem. 

Bt in corn, for example, reduces environmental effects 
relative to spraying broad-spectrum insecticides, yet, prior to 
its advent, many American corn farmers did not spray any 
insecticides to curb the pests controlled with Bt, the NRC 
reports.  These farmers simply took their chances, possibly 
because the damage from the lepidopteran pests of corn 
varies so much from year to year.   

Meanwhile, the possibility of unintended reproduction by 
GE crops has raised questions about whether direct 
undomesticated, or feral, descendants of these crops may 
prove to be new weeds or invasives, and whether unintended 
hybrids between transgenic crops and other plants could lead 
to problems. 

Progeny of GE crops could pose risks if their transgenic 
traits alter their ecological performance such that they 
evolve increased aggressiveness. Some crop plants – 
especially those with a long history of domestication like 
corn and soybeans – pose little hazard because traits that 
make them useful to humans also reduce their ability to 
establish feral populations in either agroecosystems or 
nonagricultural habitats, according to the NRC.  But other 
cultivated plants, including certain forage and turf grasses, 
ornamentals, rice, rye and alfalfa, are often found growing 
on their own as feral populations that create problems, as 
documented by J. Gressel in the 2005 book Crop Ferality 
and Volunteerism.  This tendency to establish troublesome 
feral populations could increase as the result of acquiring 
new traits – but whether new weeds, or any of the other 
hazards identified on the basis of good research, come to 
pass still remains to be seen. 

** Based on an article by the author published in the July-
September 2006 issue of California Agriculture. 

 

________________________                  __________CECHE NEWS 

U.S. Food Safety Reform 
Takes Off  
 
On March 4, 2010, the Food and Drug Administration 
(FDA) announced that thousands of processed foods may 
contain a flavor enhancer possibly contaminated with 
salmonella.  Although no illnesses had been reported, as of 
April 1, manufacturers had recalled 177 products that 
contain this hydrolyzed vegetable protein.   
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A close-up of contamination.  Source: 
CSPI 

Contaminated Food Recalls & Related Health Hazards 
Abound 

The food safety system in the United States is broken. And 
the above incident is just one episode in a long series of 
food recalls, many necessitated by already documented, 
serious illness among hundreds, even thousands, of 
Americans in recent years.   

To help reform the U.S. food safety system, last summer 
CECHE joined the Center for Science in the Public Interest 
(CSPI) in its relentless efforts to urge the FDA and the U.S. 
Congress to reform America’s antiquated laws.  A major 
impetus for CECHE’s support is that some of the most 
nutritious foods – leafy greens, eggs, tuna, tomatoes, 
sprouts and berries – are on a CSPI list of the riskiest foods 
regulated by the FDA.  In fact, these foods account for 
nearly 40 percent of all foodborne outbreaks linked to 
FDA-regulated food, as tracked by CSPI using data from 
the Centers for Disease Control and Prevention (CDC).  

Since 1990, some 363 documented outbreaks have been 
linked to iceberg lettuce, romaine, spinach and other 
leafy greens, variously contaminated with E. coli, 
Norovirus or Salmonella, and causing 13,568 cases of 
illness. Eggs have been fingered in 352 outbreaks and 
11,163 incidents of illness; tuna to 268 outbreaks and 
2,341 cases of illness, and oysters – despite their limited 
consumption – to 132 outbreaks causing 3,409 reported 
illnesses. Outbreaks involving potatoes don’t seem to 
make headlines, but nevertheless they have been linked 
to more than 100 outbreaks and 3,600 cases of illness 
over the last 20 years.  Cheese, ice cream, tomatoes, 
sprouts and berries round out CSPI’s infamous “FDA 
Top Ten” list.  Meanwhile, ground beef, pizza, peanuts, 
and even cookie dough and pistachios, have been linked 
to food-related illnesses.  

 

The Stakes Are High 

Hazards in food cause an estimated 76 million illnesses, 
325,000 hospitalizations and 5,000 deaths in the United 
States each year, according to the CDC, and most of these 
are never reported to public health officials.  Since 1990, 
more than 1,500 separate, definable outbreaks were 
associated with the top 10 riskiest FDA-regulated foods 
alone, causing nearly 50,000 reported illnesses, CSPI 
reveals.  Since most foodborne illnesses are never reported, 
these outbreaks are only the tip of the iceberg.  Yet food-
related illnesses cost American taxpayers approximately 
$6.9 billion annually in medical costs, hospitalizations and 
lost work time, according to the U.S. Department of 
Agriculture’s Economic Research Service.  

While foodborne illnesses largely occur as isolated cases, 
outbreaks of food poisoning are clusters of illness that 
result from ingestion of a common contaminated food. A 
single outbreak can affect hundreds, or even thousands, of 
people.  At greatest risk are older Americans, children, 
pregnant women and their unborn fetuses, and those with 
compromised immune systems. Bioterrorism also poses a 
threat to the nation’s food supply. 

Manure, contaminated irrigation water and poor handling 
practices are all possible culprits in foodborne outbreaks. 
Meanwhile, the FDA does not currently require farms and 
processors to have written food safety plans, nor does it 
provide specific safety standards for even the largest 
growers to meet.  

 

Imported Food Is A Major Culprit 

The FDA is responsible for regulating nearly 80 percent 
of America’s food supply, including produce, seafood, 
egg and dairy 
products, as well 
as typical 
packaged foods 
such as cookie 
dough and peanut 
butter. But a high 
and growing 
portion of this 
food supply is 
imported, and 
multiple agencies 

share 
responsibility with 
the FDA for 
ensuring the safety 
of the increasing volume of imported food, including the 
Agriculture Department's Food Safety and Inspection 
Service, and Homeland Security's Customs and Border 
Protection division.  In October 2009, however, a 
Government Accountability Office (GAO) report found 
that agency efforts are hampered by gaps in enforcement 
and collaboration, with border inspection providing an 
important – and sometimes the only – food safety 
checkpoint. GAO describes a food safety framework for 
imports that doesn’t keep regulators in the loop to the 
extent that they can inspect risky products before they are 
released to the public.  And it emphasizes that the FDA 
lacks the authority to fine importers who don't comply 
with regulations.  As a result, importers can ignore rules 
against selling food shipments before they are cleared by 
the FDA.  
 
 
Food Safety Reform Legislation: A Possible Savior 

CSPI’s Food Safety Program attempts to ensure that 
government regulators, policy makers and the food industry 
work harder to protect American consumers from the threats 
of food contamination and to reduce the burden of foodborne 
illnesses. The program urges Congress to strengthen or 
amend food safety laws to protect consumers.  It also 
petitions and organizes meetings with the FDA and the U.S. 
Department of Agriculture to encourage tightening of federal 
food safety programs and increased oversight of industry 
practices. In addition, the program informs the public, policy 
makers and regulators on food safety issues, and CSPI’s 
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publication, Outbreak Alert!, an ongoing compilation of 
foodborne illnesses and outbreaks, is used by scientists and 
policy makers around the world.  

Of foremost importance in the struggle to reform America’s 
food safety laws is the current legislative measure awaiting 
passage in the U.S. Senate. The Food Safety Enhancement 
Act was passed by the U.S. House of Representatives in 
July 2009, with broad, bipartisan support. The bill gives the 
FDA authority to recall products, and it requires more 
frequent FDA inspections of food-processing plants and 
better record-keeping by food companies so contaminated 
products could be more easily traced. It also addresses 
problems with food imports identified in the GAO report 
and gives the FDA authority to impose civil fines on 
violators.  In addition, the bill requires the Secretary of 
Health and Human Services to create a food-tracing 
system, which would make it easier to find sources of 
contamination.  

Also promising is the FDA Food Safety Modernization 
Act (S. 510), co-sponsored by Sens. Richard Durbin (D-

Ill.) and Tom Harkin (D-Iowa).  Similar to the Food 
Safety Enhancement Act, it was passed unanimously in 
the Health, Education, Labor, and Pensions (HELP) 
Committee in November 2009 and would expand the 
authority of the Secretary of Health and Human Services 
to regulate food and require food facilities to evaluate 
hazards and implement preventive controls.  The bill is 
widely supported by a diverse coalition of consumer and 
health groups, including the American Public Health 
Association, Consumer Federation of America, 
Consumers Union, Safe Tables Our Priority, the Pew 
Charitable Trusts, and Trust for America's Health. This 
coalition of Food Safety Advocates is calling on the full 
Senate to pass the bill before the end of 2010.  CSPI and 
CECHE’s grassroots efforts support these two bills that 
could go a long way towards publicizing the 
precariousness of America’s food safety – and vastly 
improving it. 
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