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A

gricultural biotechnology has been promoted as a key tool to combat global
hunger and poverty by increasing the productivity of farmers worldwide. The
technology relies on genetically modified (GM) seeds and agrochemicals that are
tailored to the genetic traits of the seeds. The biotechnology industry promised that
farmers could increase their yields, lower production costs and reduce agrochemical
use.1 Instead, American farmers have faced higher costs without higher productivity,
risked lawsuits from seed companies, and applied more agrochemicals as weeds and
insects developed resistance to the genetic crop traits.
The real winners have been the handful of biotechnology companies that patent specific genetic crop traits and
sell the GM traits in seeds and affiliated agrochemicals to
farmers. A few major chemical and pharmaceutical giants
now dominate the seed industry, which once relied on
universities for most research and development.2 Between 1996 and 2007, Monsanto acquired more than a
dozen smaller companies, and now controls an estimated
70 percent of all GM corn and 99 percent of all soybeans
planted in the United States.3 The few firms that do exist
often have cross-licensing agreements for their patents
that create partnerships between companies to sell seeds
with specific combinations of traits from multiple firms.4 A

high level of concentration and cooperation can raise seed
prices for farmers.5
Most GM crops are destined for livestock feed, biofuel
refineries or processed food ingredients, in part because
major U.S. trade partners like Europe and Japan have not
authorized the importation of many GM food products
because of uncertainty about the possible human health
and plant risks.6 Consumers in these countries do not
want to eat GM food.7 Despite the limited export opportunity, the high cost of the GM seed and agrochemicals, and
environmental impacts, international agribusinesses are
promoting biotechnology as a key strategy for farmers in
the developing world to combat global hunger.

What are genetically modified crops
and where are they grown?
Genetic engineering can create, improve or modify crops
by changing a plant’s genetic traits.8 Most commercial
biotech crops are either herbicide-tolerant, which allows
farmers to apply herbicides to kill weeds without damaging
the crops, or insect-resistant, which theoretically protects
the plants from destructive pests.9 Biotech crops became
commercially available in 1996, and by 2009, the vast
majority of the corn, cotton and soybean crops in America
were genetically modified.10 Although biotech firms have
promised high-yield and drought-resistant GM seeds, to
date, these traits are not commercially available.11
The United States is the global leader in GM production,
with half the world’s cultivated acres in 2008.12 Only 25
countries allow the commercial production of GM crops,
with the five largest producers accounting for 91 percent of

GM cultivation.13 In the United States, biotech seeds are
grown on nearly nine out of ten acres of corn, soybeans
and cotton — 85 percent of corn, 91 percent of soybeans
and 88 percent of cotton.14
The farmers that plant biotech crops appear to be adopting them despite lower benefits in terms of yields and
returns to producers.15 USDA surveys show that farmers
expect improved performance of GM crops.16 The convenience of some GM crops for farmers – the purported
simplicity of applying a single herbicide and the market
saturation of GM seeds and affiliated agrochemicals –
may explain some of the increasing rates of GM adoption.
But the seed companies spend lavishly on advertising that
may influence farmers more than real-world experience
with the crops. In 2008, Monsanto spent $95 million on
advertising, and German chemical and biotech firm BASF
spent an estimated $20 million advertising its agricultural products.17

GM seeds costly for farmers
Biotechnology is not cheap for farmers. GM seeds are
more expensive than conventional seeds and most are
used with specific herbicides that cannot be substituted
with cheaper varieties. Purchasers of GM seeds must pay
licensing fees, and North American farmers have faced
expensive lawsuits for violating licensing agreements.
The yields for GM crops have not lived up to industry
promises, especially for the food crops corn, soybeans
and canola.18 Moreover, farmers cannot export their biotech crops to key export markets in Europe and Japan because these governments have not approved GM food. In
2002, USDA found farmers’ widespread biotech adoption
“puzzling” given the “mixed or even negative” financial
returns from GM corn and soybeans.19
High-Priced Biotech Seeds: Biotech seeds can be
four times as expensive as non-GM seeds.20 The USDA
projected that seed expenses for farmers rose by 66.3 percent from $10.4 billion in 2005 to $17.3 billion in 2009
— more than double the increase in total farm production expenses.21 In 2009, non-biotech soybean seed cost
half as much as Roundup Ready seed — $17 a bag versus
$35.22 Seed prices are likely to continue to rise. Monsanto
is planning to charge as much as 42 percent more for its
GM seeds in 2010 than in 2009.23 Monsanto’s net income doubled from $993 million in 2007 to $2 billion in
2008.24 DuPont Pioneer Hi-Bred announced a 20 percent
increase for corn seed and 35 percent increase in soy seed
in 2009 and is projecting “double-digit seed price increases” between 2009 and 2013.25
High-priced herbicides: The price of GM-affiliated
herbicides has risen as well; between 2006 and 2009,
Roundup prices nearly doubled from between $11-$13
to more than $20 a gallon.26 Although GM proponents
contend that farmers save on herbicides designed for GM
crops, the savings per acre may be less than the increased
cost of GM seeds. At most, farmers saved from $3 to $20

per acre on lower herbicide costs for GM soybean cultivation,27 but GM soybean seed can cost about $23 more per
acre than conventional seed,28 meaning the higher seed
costs exceed the herbicide savings.
Patent suits against farmers: Farmers pay a licensing fee to use patented seeds and sign a contract with
the biotechnology company that gives the farmer limited
permission to plant the patented seeds for a single crop
season.29 The licenses typically prohibit the common and
traditional practice of saving seeds from harvested crops
to plant the next season, require farmers to follow specific
farming practices and sell in specific markets, and allow
the company to inspect their fields.30
The biotech companies zealously pursue anyone that
may be violating the license agreement or infringing on
their patents. Monsanto has hired private investigators
to videotape farmers, infiltrate community meetings and
interview informants about local farming activities.31
Monsanto even has a toll-free 800 number to encourage
farmers to rat out their neighbors for “seed piracy.”32 By
October 2007, Monsanto had filed 112 lawsuits against
farmers for patent infringement, recovering between
$85.7 and $160.6 million from farmers in court rulings
and out-of-court settlements.33 It is well-documented that
a farmer’s field could be inadvertently contaminated with
GM material through cross-pollination and seed dispersal, and at least one farmer contends he was sued when
his fields were inadvertently contaminated with GM crops
from neighboring farms.34
GM Crops have not demonstrated higher yields:
The USDA has admitted, “Currently available [genetically
engineered] crops do not increase the yield potential of
a hybrid variety.”35 Theoretically, the pest and herbicide

resistance bred into the crops elevates yields by helping farmers combat yield-depressing insect and weed
infestations. Farmers have not seen better yields from
GM crops, because the seeds are not designed to increase
yields and because weeds and insects are developing
resistance to the technology.
Improved yields cannot be attributed to biotechnology
since corn and soybean yields have not increased faster
since GM seeds were introduced. Average corn yields
increased by 2.7 percent between 1995 and 2009, matching the 2.7 percent yield increase between 1981 and 1995,
before GM seeds were available.36 Soybean yields increased faster between 1981 and 1995 (2.1 percent annually) before GM, but yields rose only 1.6 percent between
1995 and 2009.37 A 2009 Union of Concerned Scientists
survey of yield studies found little difference between GM
and non-GM crops. It found herbicide-tolerant corn and
soybeans had no yield increase over non-GM crops, but
found a slight yield advantage (3 to 4 percent) for insectresistant corn.38
These findings are consistent with a decade of research.
A USDA survey of yield studies found that herbicidetolerant biotech corn seeds did not increase yields for
farmers.39 GM soybeans routinely have lower yields than
non-GM soybeans. A 2007 Kansas State University study
found that conventional fields produced 10 percent more
than biotech soybean fields.40 A 2001 University of Nebraska study found that conventional lines had 5 percent
higher yields than GM herbicide-resistant sister soybean
lines; high-yield conventional soybean lines had 10 percent higher yields than the GM fields.41 A University of
Saskatchewan study found that conventional canola had
8.2 percent higher yields than Roundup Ready canola.42
Exports can be destroyed by accidental GM contamination: Despite the U.S.’s advanced grain-handling
system, GM crops routinely contaminate non-GM crops,
devastating U.S. exports. The Government Accountability
Office found six known unauthorized releases of GM crops
between 2000 and 2008. 43 In 2000, GM Starlink corn,
which had only been approved for animal feed or industrial use, was discovered in retail food products. 44 Although
Starlink was less than one percent of corn cultivation, it
was found in 70 percent of samples tested by Japan.45 After the Starlink contamination discovery, Europe banned
all corn imports from the United States, costing farmers
$300 million annually.46 In 2005, the United States again
inadvertently exported GM corn, igniting a backlash that
could have affected $1.9 billion worth of exports.47 In August 2006, USDA admitted that unapproved GM rice had
been found in non-GM rice stocks.48 Japan immediately
halted all U.S. rice imports and Europe imposed heavy
restrictions; in total, the event cost the U.S. rice industry
$1.2 billion.49 In 2007, the European Union discovered
that certified GM-free corn-based feed tested positive for
GM.50 The frequent regulatory failure to prevent unauthorized releases of unapproved genetically modified food
crops is cited as evidence that the United States cannot
effectively manage GM crops.51

The heavy ecological footprint of
GM crops
Biotechnology proponents contend that GM crops are
more environmentally sustainable because the insectand herbicide-resistant traits reduce the application of
agrochemicals and encourage erosion-reducing conservation plowing.52 The real ecological implications of biotechnology are less rosy. Herbicide-tolerant GM crops are
designed to be sprayed with chemical weed killer, most
frequently glyphosate, the active ingredient in Roundup.53
A dozen years after GM crops were introduced commercially, weeds and insects have already become resistant
to the genetic traits that are intended to prevent infestations. This reduces farm yields and encourages farmers to
apply more and more potent herbicides and pesticides.
Widespread resistance to GM-affiliated herbicides: The most common biotech crops are genetically
bred to withstand the application of herbicides. By 2009,
glyphosate (Roundup) was applied to 110 million acres of
U.S. cropland in America.54 Ubiquitous glyphosate application has led to widespread weed resistance, which can
lead to higher herbicide applications and lower yields.55
At least eight weed species in the United States (and
fifteen worldwide) have been confirmed to be resistant to
glyphosate,56 including several aggressive crop weeds like
ragweed, mare’s tail and waterhemp. University of Guelph
researchers discovered glyphosate-resistant giant ragweed
that can endure herbicide applications that kill off non-resistant ragweed.57 A 2009 Purdue University study found
that glyphosate-tolerant mare’s tail could “reach staggering levels of infestation in about two years after it is first
detected.”58 Some waterhemp has already become resis-

crease with herbicide-tolerant crops. Farmers increase application of the herbicide tied to the crop trait even though
they may reduce the application of other herbicides. The
138 million pound increase in herbicide applications
overwhelmed the 16 million pound decline in insecticide
applications attributable to Bt corn and cotton.69 The former agriculture director of National Academy of Sciences
found that Roundup Ready soybeans “clearly require more
herbicides than conventional soybeans.”70 USDA found
that herbicide-tolerant soybean cultivation increased active pounds of herbicide by 3 percent.71 Since 1994, glyphosate use on soybeans, corn and cotton increased 15-fold to
119 million pounds in 2005.72
Increased weed and pest tolerance to the genetically
modified traits has forced farmers to increase agrochemical applications to combat the GM-resistant infestations.
Between 2002 and 2006, in addition to glyphosate applications, the amount of the herbicide 2,4-D applied to
soybeans doubled to combat weeds.73 Non-glyphosate
herbicide applications on corn rose by 5 percent from
2002 to 2005 — the application of atrazine alone rose by
12 percent.74 This increased agrochemical use can run off
farm fields, pollute water, and degrade soil.75
tant to glyphosate.59 By 2008, glyphosate-resistant weeds
infested at least 2.4 million acres in the United States.60
When weeds develop a widespread tolerance to the affiliated GM herbicide, any benefit of the biotech crop evaporates.61 Glyphosate resistance leaves farmers dependent on
an herbicide that is no more effective in controlling weeds
like mare’s tail than before the herbicide-resistant trait
was introduced in 1996.62 Increased density of glyphosateresistant weeds in GM fields can reduce yields.63 Purdue
University scientists found that Roundup-resistant ragweed can cause 100 percent corn crop losses in the Eastern corn belt.64 Cotton farmers in Southern states have
increased herbicide applications and abandoned conservation tillage practices to counter glyphosate resistance.65
Insects developing resistance to insect-tolerant
GM crops: Key crop pests have already developed resistance to the biotech crops spliced with Bacillus thuringiensis, a type of soil bacteria known as Bt that is toxic to
insects. University of Arizona researchers found that seven
years after insect-resistant Bt cotton was introduced, cotton
bollworms were developing resistance to the toxin that was
being passed on to offspring — even offspring from Bt-susceptible moths, meaning that Bt resistance was a dominant
trait that could rapidly evolve.66 A University of Missouri
entomologist found that corn rootworms could pass on Bt
resistance to their offspring that are considerably more resistant to the GM crop than the offspring of corn rootworm
beetles that had not been exposed to Bt crops.67
Agrochemical applications continue to rise on
biotech crops: One of the purported benefits of biotech
crops is reduced application of agrochemicals. Herbicideresistant crops rely on affiliated herbicide applications,
but proponents contend that these crops use fewer overall
applications of herbicides.68 But total herbicide use can in-

Consumer choice, food allergies and
the uncertainty surrounding the
safety of GM food
Most biotech crops are not eaten directly by consumers —
they are fed to livestock or manufactured into processed
food ingredients. The long-term health effects of consuming biotech foods that have only been on the market a
dozen years are unknown. Some studies suggest that there
could be uncertain health risks associated with consuming
GM foods. Europe and Japan have not approved biotech
foods because of uncertainty over the safety of the products for human and animal consumption.76 Genetically
modified food can pose ethical concerns for some consumers. Crossing traits from one plant to another could
expose consumers to allergens. Many vegetarians will not
eat food genetically modified with genes from animals,
while some Jewish and Muslim consumers object to GM
for a variety of reasons, including the potential insertion of
hog genes into their food.77
Risk of biotech allergic reactions: GM crops can
cause allergies through the inclusion of foreign proteins
that have known or unknown effects on humans. The GM
corn variety StarLink was not approved for human consumption because of allergenicity concerns and in 2000
it was found in supermarket products.78 A New England
Journal of Medicine study found that soybeans modified
with Brazil nut proteins could cause allergic reactions for
consumers with Brazil nut allergies.79 In another case, a
harmless protein found in certain beans, which acts as a
pest-deterrent, became dangerous once it was transferred
to a pea, causing allergic lung damage and skin problems
in mice.80

Possible health concerns from GM food: Laboratory studies examining possible health impacts have found
problems in rats that consumed biotech corn and soy. One
study showed high rat pup mortality in litters from mothers fed GM soy flour.81 Another found irregularities in the
livers of rats, suggesting higher metabolic rates resulting
from a GM diet.82 A 2007 study found significant liver and
kidney impairment of rats fed GM corn with the insecticidal Bt gene and concluded, “with the present data it cannot
be concluded that GM corn MON863 is a safe product.”83
Even GM livestock feed may have some impact on consumers of animal products. Italian researchers found
biotech genes in the milk from dairy cows fed a GM diet,
suggesting transgenes’ ability to survive pasteurization.84
Biotech field trials enter food supply: Some experimental GM crops or crops unapproved for human
consumption have entered the U.S. food supply, with
unknown risks to consumers. The Starlink and rice trial
contaminations demonstrate the weaknesses of a regulatory barrier that should be impermeable. Since these wellknown outbreaks, smaller contamination events allowed
trial biotech crops — with unapproved pest-resistant traits
— to enter the food supply. In 2008, a small amount of
unauthorized GM cotton that contained an unapproved
pesticide was harvested with approved GM cotton; about
600 pounds of unapproved cottonseed was sold onto the
market and could have been used as livestock feed.85 In
2008, Dow AgroSciences recalled some of its biotech corn
seed lines that contained small amounts of an unregistered biotech pesticide that accidentally was planted on
72,000 acres of corn between 2006 and 2007 and entered
the food supply.86 In both cases, the federal government
determined that the contamination presented no food
safety, feed safety, plant pest or environmental risks, but
these examples demonstrate the inability of the regulators
to prevent unapproved biotech traits from entering the
food supply.

Conclusion
The track record of the GM industry is one of expansion
throughout the food system, economic damage to farmers, negative impacts on the environment, and unfulfilled
promises about sustainability. The unrestrained spread of
this technology must come to an end — both in the United
States and as a strategy for global agricultural development. U.S. regulators need to rein in GM technology,
withdrawing existing approvals for GM crops and basing
future decisions about GM technology on the precautionary principle, which prioritizes proving a new technology
is safe before it is used. The federal government must
launch an antitrust investigation into the anticompetitive market in biotech seeds. Finally, if GM technology is
allowed to continue to be used to produce food, consumer
labeling should be required so that purchasers of food can
decide for themselves if this is a food technology they will
support and feed to their families.
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