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Washington, DC 20250

CI1IZEN PETITION

Consumer Reports Food Safety and Sustainability Center and the undersigned submit this
petition under S U.S.C. 553(e)) and 7 CFR 1.28 and 9 CFR 392 to request the Secretary of
Agriculture to issue an interpretive rule prohibiting the “natural” label on meat and poultry
products.

We believe consumers are being misled by the “natural” label and are providing recent national
poll data, conducted by the Consumer Reports National Research Center, that underscores this
assertion.

The Federal Meat Inspection Act (FMIA) and the Poultry Products Inspection Act (PPIA) both
state that meat and poultry shall be “misbranded” if its “labeling is false or misleading in any
particular” (21 USC §601(n)(1)) and 21 USC §453(h)(1)).

The current definition of “natural” used by the USDA to approve the “natural” label on meat and
poultry addresses only the absence of artificial ingredients in the final product and minimal
processing, which we believe to be misleading to consumers and therefore not consistent with
the FMIA and PPIA labeling requirements.

We believe that the difference is drastic between the USDA’s current definition of “natural” for
meat and poultry and what people think the “natural” label should mean.

We have also submitted a citizen petition to the Food and Drug Administration, which regulates
the labeling of foods other than meat and poultry products, requesting that the “natural” label be
prohibited on those foods as well. The Federal Food, Drug and Cosmetics Act, similar to the



FMIA and PPIA, states that foods are misbranded if their labeling is misleading (21 USC §343(a)
(1)). We believe that the use of the “natural” label on any food currently misleads consumers.

As outlined in detail below, nationally representative surveys of U.S. consumers, conducted in
2007, 2008 and April 2014 by the Consumer Reports National Research Center, strongly suggest
that a majority of U.S. consumers are misled by the “natural” label on meat and poultry, and
have consistently expected the “natural” label on meat and poultry products to mean more than
just “minimal processing” and “no artificial ingredients.”

Our survey shows that 68% of U.S. consumers think that the “natural” label means that the
animal was not given growth hormones, 60% think no antibiotics and other drugs were given to
the animals, 64% think that feed did not contain genetically engineered organisms and 60% think
the feed contained no artificial ingredients. These numbers suggest that the majority of U.S.
consumers are currently misled by the “natural” label on meat and poultry, since the “natural”
label does not guarantee these requirements were met.

In our 2007 survey, 83% of consumers expected meat and poultry labeled “natural” to come
from an animal that was raised in a natural environment. In 2008, 85% of consumers responded
that they think the “naturally raised” claim should mean the animal was raised in a natural
environment, and 77% believed that the animal should have access to the outdoors.

When asked what they think the “natural” label should mean in our 2014 survey, 89% believe the
animal should not be given growth hormones, 85% believe the animals’ diet should have no
artificial ingredients and no GMOs, 81% believe the animal should not be given antibiotics or
other drugs, and 66% believe that the animals should be able to go outdoors.

These survey results suggest that nearly two-thirds of U.S. consumers are misled by the “natural”
label on meat and poultry products, and nearly 90% expect it to mean much more than it does.
We believe that meat and poultry with misleading “natural” claims are misbranded, as outlined
by the FMIA and PPIA.

STATEMENT OF ACTION REQUESTED

We request that the USDA issue an interpretive rule prohibiting the “natural” label on meat and
poultry by amending the Food Standards and Labeling Policy Book to specifically prohibit the
use of the “natural” label, which is a misleading label.

FSIS regulations do not define the “natural” claim, but the claim is defined in the FSIS “Food
Standards and Labeling Policy Book,” which provides guidance but is not a formal rule. The
USDA states that this Policy Book provides guidance and helps manufacturers prepare labels that
“are truthful and not misleading.” The Policy Book defines “natural claims” as follows:



The term “natural” may be used on labeling for meat products and poultry products,
provided the applicant for such labeling demonstrates that:

(1) the product does not contain any artificial flavor or flavoring, coloring ingredient,
or chemical preservative (as defined in 21 CFR 101.22), or any other artificial or
synthetic ingredient; and (2) the product and its ingredients are not more than
minimally processed.

The FSIS definition says nothing about how the animal was raised, its living conditions, whether
it was physically altered, its feed, and drugs and growth hormones it was administered. We do
not agree that this definition helps manufacturers comply with the FMIA and PPIA by ensuring
their labels are truthful and misleading.

Given consumer expectation and our survey results, we request that the following section replace
the section above:

The term “natural” is misleading to consumers and may not be used on labeling for
meat products and poultry products.

We request that the “natural” label on meat and poultry be prohibited.
STATEMENT OF GROUNDS: LEGAL

U.S. citizens have the right to petition the government to add, amend or repeal rules under the
First Amendment of the U.S. Constitution and the Administrative Procedure Act (5 U.S.C.
553(e)), and may petition to amend USDA rules under 7 CFR 1.28 and 9 CFR 392.

Under this authority, the petitioners request that the Secretary of Agriculture amend the Food
Standards and Labeling Policy Book by prohibiting the use of the “natural” label.

STATEMENT OF GROUNDS: FACTUAL

The FSIS has primary responsibility for the regulation of food labeling for meat and poultry
products under the Federal Meat Inspection Act (FMIA) and the Poultry Products Inspection Act
(PPIA). The FMIA states that a meat or meat food product shall be “misbranded” if its “labeling
is false or misleading in any particular” (21 USC §601). The PPIA states that any poultry product
shall be deemed “misbranded” if “its labeling is false or misleading in any particular” (21
USC§453(h)(1)).

Currently, the United States Department of Agriculture (USDA) Food Safety and Inspection
Service (FSIS) regulations, 9 CFR 412.1 and 412.2, require that the “natural” label on meat and
poultry be submitted to the FSIS for approval.


http:21CFR101.22

The USDA'’s Food Safety and Inspection Service (FSIS) considers label claims on meat and
poultry on a case by case basis, including the “natural” claim. According to the USDA, the claim
“natural” may be used for meat and poultry products if the product contains no artificial flavor,
color, or chemical preservative, or any other artificial or synthetic ingredient, and the product is
minimally processed.

To determine whether consumers are currently misled by “natural” labels, and what consumers
expect from the label, the Consumer Reports National Research Center conducted a nationally
representative survey of U.S. consumers in April 2014. We conducted a similar consumer survey
in 2007, and in 2008 we conducted a survey asking about the “naturally raised” label on meat
and poultry. Survey findings support our petition, showing that a majority of consumers are
currently misled by the “natural” label, and the vast majority of consumers reasonably expect the
“natural” label to cover how the animal was raised, its diet, drugs it was administered, whether
artificial growth hormones were used, and outdoor access.

Antibiotics, growth hormones and other drugs

Our survey results show that consumers are misled by the “natural” label as it is currently used
on meat and poultry. Sixty-eight percent of consumers think that animals raised for meat and
poultry sold as “natural” were not given artificial growth hormones, and 60% believe no
antibiotics or other drugs were used. This is not the case, and shows consumers are currently
misled.

A number of steroid hormone drugs are approved in beef production. These hormones are
implanted in beef cattle to speed up growth, and some of the approved drugs are synthetic
versions of natural hormones. Meat from these animals can be sold as “natural.” However,
consumers reasonably believe that they cannot be since implanting artificial growth hormones to
speed up growth is not a “natural” way to raise beef cattle.

Animals raised for “natural” meat and poultry may also be fed sub-therapeutic doses of
antibiotics and other drugs daily, regardless of whether they are ill. According to the FDA, more
than 13.5 million kilograms (nearly 30 million pounds) of antimicrobial drugs were sold and
distributed for use in food-producing animals in 2011.

As expressed by the Centers for Disease Control and Prevention (CDC) in a September 2013
report, feeding antimicrobial drugs, including those that are critical to human medicine such as
tetracyclines and penicillins, gives rise to antibiotic-resistant human pathogens and raises serious
public health concerns.

In a 2007 Consumer Reports National Research Center poll, nearly 9 out of 10 consumers
indicated that meat labeled “natural” should come from animals that were raised on a diet



without drugs and chemicals. In a 2008 poll, 86% of consumers responded that the “naturally
raised” label should mean the animal’s diet was free of chemicals and drugs.

According to our 2014 survey, 89% of consumers believe that meat sold as “natural” should
come from animals that were not given artificial growth hormones, and 81% believe that meat
and poultry sold as “natural” should come from animals that were not given antibiotics or other

drugs.
Feed

Consumers are also misled about the meaning of the “natural” label and the animals’ feed.
Currently, feed given to animals whose meat will eventually be sold as “natural” may include
genetically engineered corn and soybeans and artificial ingredients. Yet 64% of consumers very
reasonably believe that meat and poultry sold as “natural” means the animals were not fed a diet
containing genetically engineered organisms, and 60% think that their feed contained no artificial
ingredients or colors.

A large portion of livestock feed consists of corn and soybeans, including finishing rations for
beef cattle. Not only is a grain-based diet not the natural diet of cattle, which are ruminants that
naturally feed on forage and pasture, but the grain in the rations is likely genetically engineered.

Ninety-three percent of soybeans and 85% of corn in the United States are grown from
genetically engineered seed. Genetic engineering is different from conventional breeding: it
requires intensive genetic overwriting to allow for genetic changes that cannot occur in nature,
such as combining genes of bacteria and viruses with genes of plants, or combining genes from
different species of animals. We do not believe that genetically engineered crops used in animal
feed qualifies as “natural.”

The FDA also allows a long list of artificial ingredients in animal feed. By definition, these
artificial ingredients are not “natural.” It is also worth noting that many of the artificial
substances in the feed can be transferred to the meat, and end up in the final product that the
consumer buys. Artificial ingredients allowed in animal feed include formaldehyde, which can be
a component of beef and non-lactating dairy cow feed, propylene glycol, butane, ammonium
hydroxide, propylparaben, sulfur dioxide and many others.

Artificial ingredients are even allowed as energy sources for the animals, such as 1,3-butylene
glycol, which is allowed as an energy source in pig feed, or protein sources, such as synthetic
methionine in poultry feed. Even polyethylene plastic pellets that replace natural sources of fiber
and roughage in the diet, are used in cattle feed.

As noted above, in our 2007 survey results, nearly 9 out of 10 consumers indicated that meat
labeled “natural” should come from animals that were raised on a diet without chemicals and



artificial ingredients. In 2008, 85% of consumers believed that the “naturally raised” label should
mean the animal ate a natural diet.

According to our 2014 survey, 85% of consumers believe that the “natural” label on meat and
poultry should mean that the animals were given a diet that contained no genetically engineered
organisms and no artificial ingredients or colors.

Living conditions

Our 2014 survey results show that nearly half of consumers are misled about the meaning of the
“natural” label as it pertains to outdoor access: 48% think that animals raised for “natural” meat

and poultry went outdoors.

Chickens and pigs labeled as “natural” may be raised in crowded barns without outdoor access.
This means that the animals were not able to engage in natural behaviors. Animals are routinely
physically altered to compensate for destructive behavior that results from unnatural, stressful
and crowded living conditions. This includes beak trimming of laying hens, dehorning or
disbudding of beef cattle, and tail docking and teeth filing of pigs.

For chickens, foraging and pecking are natural behaviors, and outdoor runs have a much higher
number and diversity of stimuli that allow for these natural behaviors than any indoor
environment can provide. Outdoor runs also allow the animals to exercise, which benefits their
health, and gives the animals access to fresh air and sunshine that are not available in indoor
confinement.

When given the opportunity, domestic pigs will spend several hours per day rooting and
foraging, feeding on grass, roots, tubers, acorns, nuts, berries and small animals. When confined
indoors, the animals are not able to engage in these natural behaviors. Tail docking and teeth
filing are common management practices to prevent tail biting, which likely results from
frustration due to living in a stressful environment and the inability to engage in natural
behaviors.

In our 2007 survey, 83% of consumers expected meat and poultry labeled “natural” to come
from an animal that was raised in a natural environment. In 2008, 85% of consumers responded
that they think the “naturally raised” claim should mean the animal was raised in a natural
environment, and 77% believed that the animal should have access to the outdoors.

According to our 2014 survey, two-thirds of consumers believe that meat and poultry labeled
“natural” should come from an animal that was able to go outdoors.



CONCLUSION

The FMIA and PPIA state that labels on meat and poultry must not be false and misleading, and
our survey results show that consumers are currently widely misled by the “natural” label.

A majority of U.S. consumers currently believe that the “natural” label on meat and poultry
means certain requirements were met, such as no artificial growth hormones and no antibiotics
and other drugs were administered to the animals, their feed contains no artificial ingredients and
GMOs. Nearly half of U.S. consumers think the animals were able to go outdoors. A majority of
consumers believe that the “natural” label should mean no artificial growth hormones, antibiotics
or other drugs, no artificial ingredients or GMOs in the feed, and the animals were able to go
outdoors.

As our surveys show, consumers have over the years consistently expected more from the
“natural” label on foods derived from animals. Since we first asked consumers about their
expectations for “natural” claims on meat and poultry in 2007, the vast majority have responded
that they expect the “natural” claim to go beyond the absence of artificial ingredients and
minimal processing, and to include how the animal was raised. We believe it is time for the
USDA to address the misleading nature of the “natural” claim and ensure that it comports with
the expectations that consumers have had for years.

Given the widespread confusion among consumers about the label, we urge the USDA to issue
an interpretive rule to prohibit the use of the “natural” label on meat and poultry, to ensure the
products are not misleading to consumers.!

Respectfully Submitted,

,lhgv.i‘a.l Foslet Ped
WJ

Urvashi Rangan

Executive Director

Food Safety and Sustainability Center
Consumers Union / Consumer Reports
101 Truman Avenue

Yonkers, NY 10703

914-378-2211

urangan( @consumer. org

I Regardless of whether the USDA grants this petition, we believe that the use of the “natural” label on any food
misleads consumers and may therefore be actionable under state and federal laws prohibiting misleading labeling
and marketing. By filing this petition, we do not give up our right to pursue any remedies available to us under state
or federal law.
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Suzanne McMillan

Senior Director, Farm Animal Welfare Campaign
American Society for the Prevention of Cruelty to Animals
520 8th Ave, 24th floor

New York, NY 10018

212-876-7700

suzanne.mcmillan@aspca.org

Bruce Friedrich

Director of Advocacy and Policy
Farm Sanctuary

6525 N. Capitol St. NE
Washington, DC 20012
202-306-2020
bruce@farmsanctuary.org

Patty Lovera

Assistant Director

Food & Water Watch

1616 P Street NW, Suite 300
Washington, DC 20036
202-683-2465
plovera@fwwatch.org

Erik Olson

Senior Strategic Director for Health and Food
Natural Resources Defense Council

1152 15th Street NW

Washington, DC 20005

202-289-2415

eolson@nrdc.org

Steve Gilman

Policy Coordinator

Northeast Organic Farming Association - Interstate Council
168 Fairview Lane

Portsmouth, RI 02871

518-791-3090

stevegilman@verizon.net
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Ed Maltby

Executive Director

Northeast Organic Dairy Producers Association
30 Keets Road

Deerfield, MA 01342

413-772-0444

emaltby@comcast.net

Kristina Hubbard

Director of Advocacy and Communications
Organic Seed Alliance

210 Polk St #2

Port Townsend, WA 98368

406-544-8946

kristin:_ seedalliance.org

Natalie Reitman-White

Director of Organizational Development, Sustainability and Trade Advocacy
Organically Grown Company

1800-B Prairie Road

Eugene, OR 97402

541-246-1837

nwhite(@organicgrown.com

Jessica Culpepper

Food Safety and Health Attorney
Public Justice

1825 K Street, NW Suite 200
Washington, D.C. 20006
202-797-8600
jeulpepper@publicjustice.net
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Introduction

The consumer demand for more natural, environmentally friendly and socially-responsible food has
proliferated. More than ever, consumers want to know exactly what is in their food; they are turning to
food labels to provide this information. But can these labels be trusted? Questions remain about exactly
what consumers know about food labeling, and the standards consumers want for food labeling.

In April, 2014, the Consumer Reports® National Research Center conducted a nationally representative
phone survey to assess consumer opinion regarding the labeling of food (tables for all questions are
included in the appendix). Opinion Research Corporation (ORC) of Princeton, New Jersey administered
the survey to a nationally representative sample of 1,004 adult US residents (half of the respondents
were women) through its CARAVAN Omnibus Survey. Respondents were selected by means of random-
digit dialing and were interviewed via phone. The data were statistically weighted so that respondents
in the survey were demographically and geographically representative of the US population. This report
summarizes the findings from this survey.

Highlights

Consumers Are Looking for Natural and Locally Produced Food

e When shopping for food, two-thirds of Americans are checking to see if their food is locally
produced; the majority of consumers (59%) are also checking to see if their food is natural.

Environmentally Conscious and Socially Responsible Food a Priority for Most Americans

e A range of environmental, safety and social concerns are imperative to most US consumers when
purchasing food; the vast majority of consumers prioritize supporting local farmers, protecting the
environment from chemicals, fair conditions for workers, reducing exposure to pesticides, good
living conditions for animals, and reducing antibiotic use in food.

Consumer Mandate for Fair Wage and Working Conditions for Farm Workers
e Making sure that the workers that produced their food are treated fairly is important to US
consumers and most are willing to put their money where their mouth is!

Consumers Want More Stringent Standards for Natural and Organic Labeling on Meat and Poultry

e The majority of consumers think that the natural or organic label on meat and poultry currently
means that no artificial ingredients, growth hormones, genetically modified ingredients, or
antibiotics were used; an even greater amount of consumers feel that this labeling should indicate
this.

Consumers Demand More Standards for Natural and Organic Labels on Packaged and Processed Foods

e The majority of consumers think that the natural or organic label on packaged and processed foods
currently means that no pesticides, artificial ingredients or chemicals, or genetically modified
ingredients were used; an even greater amount of consumers feel that this labeling should indicate
this.

Consumers Have High Expectations for Humanely Raised Claims on Eggs, Dairy and Meat
e While only half of consumers think a humanely raised claim currently means that the animals were
raised without cages, a clear majority of consumers (75%) think these claims should mean this.
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Consumers Demand Information about Food Origin

¢ The overwhelming majority of consumers want food labels to reflect country of origin (92% of
consumers) and state of origin (82%). In addition, an outstanding percentage of consumers (90%)
want to know if their meat is from outside the US.

Consumers Demand Labeling of Meat Raised with Antibiotics
¢ |f an animal was routinely given antibiotics, the vast majority of consumers (83%) demand that the
government require that this meat be labeled as “raised with antibiotics.”

Consumer Mandate for Labeling and Strong Federal Safety Standards for Genetically Engineered Food

e Anoverwhelming majority of US consumers think that before genetically engineered food can be
sold it must be labeled as such and meet government safety standards. Moreover, an outstanding
percentage of Americans (92%) demand that the government require that genetically engineered
salmon be labeled as such.

Consumers Skeptical about Labels on Seafood
e Most consumers who buy seafood (83%) have some doubt about the accuracy of labels on seafood
at the fish counter.

Consumers Think Most Shrimp in US Farm Raised, Imported and Not Fresh

e The majority of consumers think that most of the shrimp in the US is farm raised and imported. In
addition, most consumers believe that unfrozen shrimp at the store was originally frozen and then
thawed.
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Consumers Are Looking for Natural and Locally Produced Food
When shopping for food, two-thirds of Americans are checking to see if their food is locally produced;
the majority of consumers (59%) are also checking to see if their food is natural.

Consumers are less likely to look for fair trade (31% of consumers), animal welfare (36%), antibiotic
(39%) and non-GMO (40%) claims.

Claims Consumers Look for on Food Labels

Locally grown 66%
Natural 59%
No artificial growth hormones 50%
Pesticide-free 49%
Organic 49%
No artificial ingredients 48%
Non-GMO 40%
No antibiotics 39%
Certified humane 36%
Fair trade 31%
0% 10% 20% 30% 40% 50% 60% 70%
Percent of Consumers
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Consumer Mandate for Fair Wage and Working Conditions for Farm Workers

Making sure that the workers that produced their food are treated fairly is important to US consumers
and most are willing to put their money where their mouth is! Most consumers (79%) will pay more for
fruits and vegetables produced by workers under fair wage and working conditions; a sizable portion of
consumers (34%) would even pay 50 cents or more per pound.

Would you pay more for fair trade produce? How much more consumers would pay for fair trade produce

10 cents more 22%

22%

25 cents more

50 cents more

One dollar more

More than one dollar [

0% S% 10% 15% 20% 25% 30%

Percent of Consumers

Consumers Want More Stringent Standards for Natural and Organic Labeling on Meat and Poultry
The majority of consumers think that the natural label on meat and poultry currently means that no
artificial ingredients were added to the meat/poultry (70%), no growth hormones were used (68%), the
animals’ feed contained no GMOs {64%) or artificial ingredients (60%), and no antibiotics or other drugs
were used (60%). Still, an even greater amount of consumers feel that this label should mean that no
artificial ingredients were added to the meat/poultry (87%), no growth hormones were used (89%), the
animals’ feed contained no GMOs (85%) or artificial ingredients (85%), and no antibiotics or other drugs
were used (81%). Moreover, while less than half of consumers think this label currently means that the
animals went outdoors; the majority of consumers (66%) want this label to reflect this.

Consumers also want stronger standards for the organic label on meat and poultry. Many consumers
think this label currently means no artificial growth hormones were used (81%), the animals feed
contained no artificial ingredients (77%) or GMOs (75%), no artificial ingredients were added to the
meat/poultry (77%), antibiotics or other drugs were only used on sick animals {(68%), no antibiotics or
other drugs were ever used on healthy or sick animals (60%), the animals had adequate living space
(57%), and the animals went outdoors (55%). An even greater amount of consumers demand that this
label should mean no artificial growth hormones were used (89%), no artificial ingredients were added
to the meat/poultry (88%), the animals feed contained no artificial ingredients (87%) or GMOs (87%),
antibiotics/drugs were only used on sick animals (81%), no antibiotics/drugs were ever used on healthy
or sick animals {(73%), the animals had adequate living space (73%), and the animals went outdoors
(72%).
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Const s Demand More Standards for Natural and Organic Labels on Packaged and Processed Foods
While many consumers feel that the natural label on packaged/processed foods currently means no
pesticides were used (66%), no artificial ingredients were used (66%), no artificial materials were used
during processing (65%), and no GMOs were used (64%); an even greater percentage of consumers think
the label should mean no pesticides were used (86%), no artificial ingredients were used (86%), no
artificial materials were used during processing (87%), and no GMOs were used (85%).

Consumers are even more stringent when it comes to what they want from the organic label on
packaged/processed foods. While many consumers think this label currently means no toxic pesticides
were used (79%), no artificial materials were used during processing {76%), no artificial ingredients were
used (74%), and no GMOs were used (75%); an outstanding percentage of consumers demand that this
label should mean no toxic pesticides were used (91%), no artificial materials were used during
processing (91%), no artificial ingredients were used (89%), and no GMOs were used (88%).



Consumer Reports® National Research Center

Consumer Perception of NATURAL Label on
Packaged and Processed Foods
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Consumers Have High Expectations for Humanely Raised Claims on Eggs, Dairy and Meat

The majority of consumers think a humanely raised claim on eggs, dairy and meat currently means the
farm was inspected to verify this claim (79%), the animals had adequate living space (77%), the animals
were slaughtered humanely (75%), and the animals went outdoors {(65%). Accordingly, the vast majority
of consumers believe this claim should mean that the farm was inspected to verify this claim (92%), the
animals had adequate living space (90%), the animals were slaughtered humanely (88%), and the
animals went outdoors (79%).

While only half of consumers think this claim currently means the animals were raised without cages, a
clear majority of consumers (75%) think this claim should mean this.

Consumer Perception of HUMANELY RAISED Claim on
Eggs, Dairy and Meat
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Consumer Demand Information about Food Origin
The overwhelming majority of consumers want food labels to reflect country of origin (92% of
consumers) and state of origin {82%).

An outstanding percentage of consumers (30%) want to know if their meat is from outside the US.
Consumers were asked about their preference for country of origin labeling on meat that came from a
different country like Mexico. The majority of consumers (57%) want the labeling to include where the
animal was born/raised and where the animal was slaughtered. A sizable portion of consumers (33%)
want more stringent labeling; if the animal was born or raised in a different country, these consumers
feel this food is a product of that country. Few consumers (6%) adopt the more lenient view that being
slaughtered in the USA is sufficient for this meat to be labeled as a USA product.

Consumer Preference for Different Country of Origin Labeling
on Meat

Product of Mexico

33%
Born and raised in
Mexico,
slaughtered in USA
57%

Product of USA
4 6%

¥No strong opinion

2%
Unsure

1%
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Demographic Differences

For the most part, there were no compelling differences in age, region, income and having children in
the household; for some survey questions, however, there were some gender differences (tables by
gender are included in attached spreadsheet). The survey findings suggest that, generally, women US
consumers are more environmentally and socially conscious when it comes to the food they eat.

When shopping for food, more women (than men) are looking for the following claims: natural, no
artificial growth hormones, pesticide-free, organic, non-GMO, no antibiotics, and certified humane.
Accordingly, when purchasing food, more women report that the following objectives are crucial (very
important/important): supporting local farmers, protecting the environment from chemicals, fair trade,
reducing pesticide exposure, living condition of animals, reducing antibiotic use in food, and avoiding
artificial ingredients. In addition, more women are willing to pay more per pound for fair trade produce.

The survey findings also showed that while men and women are similar on what they feel food labels
currently mean, women were more stringent about what they think these labels should mean. More
women think the natural label on meat and poultry should mean no artificial growth hormones were
used, no artificial ingredients were added to the meat/poultry and that there were no artificial
ingredients in the animals’ feed. More women also think the organic label on packaged/processed
foods should mean no pesticides, artificial ingredients, or GMOs were used. Finally, more women also
believe that the humanely raised claim on eggs, dairy and meat shou/d mean the farm was inspected to
verify these claims and that the animals went outdoors.

Claims Consumers Look for on Food Labels
by Gender
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S iy
Our survey showed that most US consumers are environmentally and socially conscious when it comes

to the food they eat; popular guiding principles when purchasing food include supporting local farmers,
protecting the environment, and fair conditions for farmworkers. In fact, fair trade conditions are so
important to Americans, that most are willing to pay more to ensure their food was produced via fair
working conditions. Our findings also showed consumers expect more from natural and organic food
fabels. In addition, the vast majority of consumers want food labels to reflect different country origin,
and if antibiotics or genetically modified ingredients were used at any stage of food production. Among
Americans there is growing awareness of misleading food labeling practices; our findings equivocally
show that there is a consumer mandate for greater standardization and regulation of food labeling.

Methodology
This phone survey was fielded by ORC using a nationally-representative sample. The survey was
conducted April 17-21, 2014. The margin of error is +/- 3 percentage points at a 95% confidence level.

The margin of error may be higher for subgroup analysis.
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Lrkeling Compliance Guidar-~
Labeling that Needs to be Submitted to the
Labeling and Program Delivery Staff for Evaluation and Approval
November 2013

On November 7, 2013, the Food Safety and Inspection Service (FSIS) amended its prior label approval
system regulations to expand the circumstances in which certain types of labels and labeling are
generically approved. This rule will be effective on January 6, 2014. Once this rule is effective, only
certain types of labeling (i.e., 1) labels for temporary approval, 2) labels for products produced under
religious exemption, 3) labels for products for export with labeling deviations, and 4) labels with claims
and special statements) will have to actually be submitted to the Agency for evaluation and approval.
Examples of special statements and claims that must be submitted include: (1) claims relating a
product’s nutrient content to a health or a disease condition; (2) statements that identify a product as
“organic” or containing organic ingredients; (3) claims that are undefined in FSIS’s regulations or Food
Standards and Labeling Policy Book, for example, claims regarding the raising of animals, such as “no
antibiotics administered” or “vegetarian fed”; (4) instructional or disclaimer statements concerning
pathogens, e.g., “for cooking only” or “not tested for E. coli 0157:H7”; and (5) statements that identify a
product as “natural.”

FSiS is publishing this compliance guide to provide infarmation about the types of labels and labeling
that need to be submitted to the Agency for approval, including specific examples of certain special
statements and claims that are not generically approved. This guidance also includes information about
statements and claims that previously needed to be submitted but will be considered generically
approved when the final rule is effective. The Agency will update these lists periodically as it evaluates
new statements and claims on the labeling of meat and poultry products.

Labels that ALWAYS need to be submitted to the Agency for approval (9 CFR 412.1)

o Temporary approvals

e Labels for export only that bear tabeling deviations

e Religious exemption, e.g., Buddhist exemptions, Confucian exemptions
e Labels bearing special statements and claims (see chart below)

Examples of statements on labels that are special claims and that need to be submitted for approval

Claims e 3rd party raising claims or programs, for example,
AMS processed verified or certified programs; Global
Animal Partnership and Certified Humane, American
Heart Association (AHA) claims; labels bearing the
AHA logo

e Animal praduction claims, for example, acorn fed,
corn fed, grass fed, vegetarian fed, no added
hormones, no added antibiotics, raised without
antibiotics































Natural/Organic Food Preferences

¢ Labels communicate essential information about products and help consumers to make informed
choices. According to the poll, foods that are labeled as “natural” or “organic”, or as free of
disease or hormones, are highly popular, but consumers will avoid irradiated meat.
— More than 6 in 10 consumers would buy food labeled “natural” (63%), or meat expressly
tested for mad cow disease (62%).
— More than half would purchase milk labeled free of synthetic bovine growth hormone (55%),
or “organic” seafood (53%).
— Under one-third of consumers (29%) would purchase meat that they knew to be irradiated.

¢ With most categories, affinity for clearly labeled food increased with income. The income effect was
strongest milk labeled hormone-free: Consumers earning at least $75,000 were 30% more likely
than \ose earning under $40,000 to purchase this type of milk.

¢ In some cases, specially designated food products that appear to be more healthful than
conventional types actually may not have an advantage.

— The “natural” label is not necessarily meaningful, and there are only weak standards defined
by the government.

— In addition, the “organic” label is meaningless with seafood. Consequently, consumers who
seek out fish or shellfish bearing an “organic” label are being misled to believe that the food
satisfies the requirements applied to “organic” farm products.

s ner Page 9 7/9/2007
epurts 2007.41 labeling poll v. 2.6-public release.ppt
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rHT corn accounted for 85 percent of corn acreage in 2013, and HT cotton constituted 82 percent of cotton acreage.
Farmers planted insect-resistant (Bt) cotton to control pests such as tobacco budworm, cotton bollworm, and pink boll-
worm on 75 percent of U.S. acreage in 2013. Bt corn—which controls the European corn borer, the corn rootworm,
and the corn earworm—was planted on 76 percent of corn acres in 2013.

The adoption of Bt crops increases yields by mitigating yield losses from insects. However, empirical evidence regarding
the effect of HT crops on yields is mixed. Generally, stacked seeds (seeds with more than one GE trait) tend to have higher
yields than conventional seeds or than seeds with only one GE trait. GE corn with stacked traits grew from 1 percent of corn
acres in 2000 to 71 percent in 2013. Stacked seed varieties also accounted for 67 percent of cotton acres in 2013,

Planting Bt cotton and Bt corn seed is associated with higher net returns when pest pressure is high. The extent to
which HT adoption affects net returns is mixed and depends primarily on how much weed control costs are reduced
and seed costs are increased. HT soybean adoption is associated with an increase in total household income because
HT soybeans require less management and enable farmers to generate income via off-farm activities or by expanding
their operations.

Farmers generally use less insecticide when they plant Bt corn and Bt cotton. Corn insecticide use by both GE seed
adopters and nonadopters has decreased—only 9 percent of all U.S. corn farmers used insecticides in 2010. Insecticide
use on corn farms declined from 0.21 pound per planted acre in 1995 to 0.02 pound in 2010. This is consistent with
the steady decline in European corn borer populations over the last decade that has been shown to be a direct result of
Bt adoption. The establishment of minimum refuge requirements (planting sufficient acres of the non-Bt crop near the
Bt crop) has helped delay the evolution of Bt resistance. However, there are some indications that insect resistance is
developing to some Bt traits in some areas.

The adoption of HT crops has enabled farmers to substitute glyphosate for more toxic and persistent herbicides.
However, an overreliance on glyphosate and a reduction in the diversity of weed management practices adopted by
crop producers have contributed to the evolution of glyphosate resistance in 14 weed species and biotypes in the
United States. Best management practices (BMPs) to control weeds may help delay the evolution of resistance and
sustain the efficacy of HT crops. BMPs include applying multiple herbicides with different modes of action, rotating
crops, planting weed-free seed, scouting fields routinely, cleaning equipment to reduce the transmission of weeds to
other fields, and maintaining field borders.

The price of GE soybean and corn seeds grew by about 50 percent in real terms (adjusted for inflation) between 2001
and 2010. The price of GE cotton seed grew even faster. The yield advantage of Bt corn and Bt cotton over conven-
tional seed has become larger in recent years as new Bt traits have been incorporated and stacked traits have become
available. Planting Bt cotton and Bt corn continues to be more profitable, as measured by net returns, than planting
conventional seeds.

Consumers. Consumer acceptance of foods with GE ingredients varies with product characteristics, geography, and
the information that consumers are exposed to. Most studies in industrialized nations find that consumers are willing
to pay a premium for foods that don’t contain GE ingredients. However, studies in developing countries yield more
mixed results. Some studies, including some with a focus on GE ingredients with positive enhancements (such as
nutrition), find consumers to be willing to try GE foods and even to pay a premium for them, while others find a will-
ingness to pay a premium for non-GE foods. Most studies have shown that willingness-to-pay for non-GE foods is
higher in the EU, where some retailers have policies limiting the use of GE ingredients. Non-GE foods are available in
the United States, but there is evidence that such foods represent a small share of retail food markets.

How Was the Study Conducted?

This report updates the ERS report titled The First Decade of Genetically Engineered Crops in the United States. To
consider biotech seed firms, we use information from the literature and analyze USDA data on field testing approvals
by APHIS for new GE varieties. To study farmers’ use of GE crops, we analyze USDA farm surveys, particularly
the Agricultural Resource Management Survey (ARMS), and summarize the literature. To understand consumers’
perspectives, we summarize surveys of consumers’ attitudes from the literature.

. www.ers.usda.gov
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Genetically Engineered Crops in the
United States

Introduction

Genetic engineering is a key component of modern agricultural biotechnology.! The first genetically
engineered (GE) plant, a tomato, was developed in 1982 (USDA/ARS, 2012). By 1985, the USDA
had approved four releases of GE organisms for field testing. Commercial use of major GE crops
began in 1996.2

Genetically engineered crop traits have been classified into one of three generations (Fernandez-
Cornejo, 2004). The first generation features enhanced input traits such as herbicide tolerance,
resistance to insects, and resistance to environmental stress (like drought). The second features
value-added output traits such as nutrient-enhanced seeds for feed. The third generation of GE crops
would include traits to allow production of pharmaceuticals and products beyond traditional food
and fiber.

While the first GE crop approved by USDA’s Animal and Plant Health Inspection Service (APHIS)
and commercialized in 1994 was a crop with a strictly second-generation trait (FlavrSavr tomato),
most GE crops planted in the United States have first-generation traits. All three generations of GE
crop traits are in various stages of research and development.3

Most U.S. acres planted to GE crops have traits that provide herbicide tolerance (HT) and/or insect
resistance. These seeds became commercially available in 1996. HT crops are able to tolerate
certain highly effective herbicides, such as glyphosate, allowing adopters of these varieties to control
pervasive weeds more effectively. Commercially available HT crops include soybeans, corn, cotton,
canola, sugarbeets, and alfalfa. Insect-resistant or Bt crops contain a gene from the soil bacterium
Bacillus thuringiensis (Bt) that produces a protein which is toxic to certain insects, protecting the
plant over its entire life (Fernandez-Cornejo and McBride, 2002). Commercially available Bt crops
include corn and cotton.

IGenetic engineering is a technique used to alter genetic material (genes) of living cells. A gene is a segment of DNA
that expresses a particular trait. It is a unit of heredity transmitted from generation to generation during reproduction
(Zaid et al., 1999). DNA constitutes the genetic material of most known organisms.

2Plant biotechnology in general and genetic engineering in particular have significantly reduced the time needed to de-
velop improved plant varieties, increasing the range and precision of characteristics incorporated into these new varieties
(Fernandez-Cornejo, 2004). By allowing scientists to target single plant traits through genetic recombination techniques,
plant biotechnology decreases the number of residual unwanted characteristics that often result from traditional plant
breeding crosses, enabling breeders to develop desirable new varieties more rapidly.

3Several second-generation GE crops have been approved by APHIS: high-lysine corn, reduced-nicotine tobacco, high-
oleic acid soybean oil, stearidonic acid-producing soybeans, improved fatty acid-profile soybeans, altered-flower color
roses (blue), oil profile-altered canola, and alpha amylase corn. Overall, nearly 20 percent of the approvals for deregula-
tion (as of September 2013) are second-generation crops.
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More than 15 years after commercial introduction, adoption of first-generation GE crop varieties by
U.S. farmers has reached about 90 percent of the planted acres of corn, soybeans, and cotton. U.S.
consumers eat many products derived from these crops-—including cornmeal, oils, and sugars—
largely unaware of their GE origins. Despite the rapid increase in adoption rates for GE corn,
soybean, and cotton varieties by U.S. farmers, some continue to raise questions regarding the poten-
tial benefits and risks of GE crops.

This report updates ERS’ 2006 report, The First Decade of Genetically Engineered Crops in the
United States. As in the previous report, this report examines the three major stakeholders of agri-
cultural biotechnology: GE seed suppliers and technology providers (biotech firms), farmers, and
consumers.
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F. .. the Laboratory to the Field

Over the last century, private research and development (R&D) expenditures in the seed industry
have increased rapidly both in absolute terms and relative to public expenditures, altering the focus
of R&D and of the crops studied (Fernandez-Cornejo, 2004). Over the past two decades, techno-
logical innovation in the form of modern biotechnology and changes in property rights have enabled
private-sector firms to capture more value from the seeds that they develop, and seed remains the
most research-intensive of the agricultural input sectors to date (Heisey and Fuglie, 2012).

While the rapid commercial success of GE varieties is the fulfillment of R&D efforts, earlier bench-
marks include the number of releases for field testing of GE plant varieties approved by APHIS as
well as the determination of nonregulated status (see box, “Regulatory Oversight”).# Field testing is
a critical part of seed development (Fernandez-Cornejo and Caswell, 2006).

Field Releases

The number of field release permits and notifications issued by APHIS for GE organisms (mostly
plant varieties) grew from 4 in 1985 to 1,194 in 2002 and then averaged around 800 per year (fig.

). The cumulative number (beginning in 1985 and ending in September 2013) of releases for field
testing increased from 10,700 in 2005 to more than 17,000 in 2013. Field releases approved for corn
increased from close to 5,000 in 2005 to 7,800 in 2013. Approved releases for GE varieties with
herbicide tolerance traits increased from 3,587 in 2005 to 6,772 in 2013, insect resistance from 3,141
to 4,909, and product quality such as flavor or nutrition from 2,314 to 4,896.

Figure 1
Number of releases of genetically engineered (GE) organisms varieties approved by APHIS,

1985-2013* (Includes permits and notifications)
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*As of September 24, 2013.
Autharizations for field releases of GE organisms (mostly plant varieties) are issued by USDA's Animal and Plant Health

Inspection Service (APHIS) to allow technology providers to pursue field testing.
Source: Information Systems for Biotechnology (ISB, 2013).

4Another indicator of R&D activity is the number of patents issued by the U.S. Patent and Trademark Office. More
than 4,200 new agricultural biotech patents were issued between 1996 and 2000 (King and Heisey, 2003, 2004).
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Figure 4
Institutions having the most authorized permits and notifications (number held)
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{now part AgroSciences CropScience
of DuPont)

*As of September 24, 2013.

Authorizations for field releases of GE plant varieties are issued by USDA's Animal and Plant Health Inspection Service
(APHIS) to allow technology providers to pursue field testing.

Source: Information Systems for Biotechnology (1SB, 2013).

Determination of Nonregulated Status

Nonregulated status allows seed companies to commercialize the GE seeds that they have devel-
oped. After successful field testing, technology providers petition APHIS for a determination of
non-regulated status. If, after review, APHIS determines that the organism (i.e., GE plant) is unlikely
to pose a plant pest risk, the organism is deregulated (see box, “Regulatory Oversight”) and can be
moved and planted without APHIS oversight. As of September 2013, APHIS had received 145 peti-
tions for deregulation-—compared with 103 petitions received in 2005——and had granted 96 (31 were
withdrawn, 17 were pending, and 1 was incomplete) (Information Systems for Biotechnology, 2013).
For corn, 30 petitions were granted nonregulated status; 15 were granted for cotton; 11 for tomatoes;
12 for soybeans; 8 for canola/rapeseed; S for potatoes; 3 for sugarbeet; 2 each for papaya, rice, and
squash; and 1 each for alfalfa, plum, rose, tobacco, flax, and chicory. By trait, as of September 2013,
43 petitions were granted nonregulated status for herbicide tolerance, 31 for insect resistance, 17 for
product quality, 9 for agronomic properties, 8 for virus resistance, and 2 for others.”

The Research and Development Pipeline

APHIS approval for field testing and determination of nonregulated status signals that the GE prod-
ucts are near commercial status. In addition to crops with improved pest management traits, APHIS
approvals include crops with traits that provide viral/fungal resistance; favorable agronomic prop-
erties (resistance to cold, drought, frost, salinity, more efficient use of nitrogen, increased yield);
enhanced product quality such as delayed ripening, flavor, and texture (fruits and vegetables);
increased protein or carbohydrate content, fatty acid content or micronutrient content; modified
starch, color (cotton, flowers), fiber properties (cotton) or gluten content (wheat); naturally decaffein-

A petition (as well as an approval) may include more than one trait or phenotype category. For example, a petition for
corn may include one or more HT traits and one or more Bt traits.
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ated (coffee); nutraceuticals (added vitamins, iron, antioxidants such as beta-carotene); and pharma-
ceuticals (table 2).8 Additional information is found in the Pew Initiative (2001), Runge and Ryan
(2004), Monsanto (2012), and Pioneer (2012).

Table 2

_Binfn,_(ﬂ_ rrong currently available and in development
Input traits Output traits
Herbicide Insect Virus/fungi, Agronomic Product  Pharmaceuticals/

Cron tolerance  resistance resistance properties!! | quality'™  nutraceuticals'?

Com C cs D Cc%D D D

Soybeans Cc D D CsD

Cotton C ol D D

Potatoes w7 D D D D

Wheat c? D

Other field crops!  C3 D4 D D D D D

Tomato, squash,

melon, sweet corn C8 Cc9D D C% D D

Othervegetables D D

Papaya Co

Fruit trees D D

Other trees D3 D

Flowers D

TIncludes barley, canola, peanuts, tobacco, rice, sugar beet, alfalfa, etc.

2Monsanto discontinued breeding and field level research on its GE Roundup Ready wheat in 2004.

3Canola, sugar beet, alfalfa. *Barley, rice. 5Bt corn to control the corn borer commercially available since 1996; Bt comn
for corn rootworm control commercially available since 2003; Bt corn to control the corn earworm commercially available
since 2010; stacked versions of them also available.

6Bt cotton to control the tobacco budworm, the bollwarm, and the pink bollworm, commercially available since 1996.

7Bt potatoes, containing built-in resistance to the Colorado potato beetle were commercially introduced in 1996 and
withdrawn in 1999.

8gweet corn with insect resistance (to the corn earworm and European corn borer) was planted in anout 20,000 acres
and sold in the fresh market in 2008 (NRC, 2010).

9VR squash accounted for about 12 percent of the squash produced in in 2005 (NRC, 2010).

10Responding to a devastating papaya virus epidemic in the mid-1990s, researchers at Cornell University and at the Uni-
versity of Hawaii developed two virus-resistant varieties of GE papaya. First commercial plantings were made in 1998.
The new varieties were successful in resisting a viral epidemic and were planted on more than 30 percent of Hawaii's
papaya acreage in 1999.

1Such as resistance to drought, frost, salinity; more efficient use of nitrogen.

12Drought tolerant corn approved for commercial use in 2011; expected to be introduced in 2012.

BModified lignin content.

"Includes delayed ripening (fruits and vegetables with longer shelf life); protein content, carbohydrate content, fatty acid
content, micronutrient content, oil content, modified starch content, flavor and texture (fruits and vegetables), color (cot-
ton, flowers), fiber properties {cotton), gluten content {wheat), naturally decaffeinated (coffee), and iow phytase.

15High oleic soybeans.

16FlavrSavr tomato genetically engineered to remain on the vine longer and ripen to full fiavor after harvest was pulled
out of the market because of harvesting and marketing problems.

7Includes increased vitamin, iron, beta-carotene (antioxidant), lycopene (anti-cancer), amino acid content; low-calorie
sugar; hypoallergenic crops; antibodies, vaccines. Industrial uses (such as specialty machine oils).

Sources: ISB (2013); Fernandez-Cornejo and Caswell (2006); National Research Council (2010); USDA Animal and
Plant Health Inspection Service.

8Pharmaceutical plant compounds produced are intended for pharmaceutical use and would need to be approved from
at least one of the following agencies prior to commercialization: U.S. Food and Drug Administration (FDA) Center for
Biologics Evaluation and Research (human biologics), FDA Center for Drug Evaluation and Research (human drugs),
FDA Center for Veterinary Medicine (animal drugs), and USDA Center for Veterinary Biologics (animal biologics).
None of the plants currently under permit produce pharmacologically active compounds.
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Adoption of GE Crops by U.S. Farmers

When farmers adopt a new technology, they typically expect benefits like increased farm net returns,
time savings (by making farming less effort intensive), or reduced exposure to chemicals. Net bene-
fits are a function of farm characteristics and location, output and input prices, existing production
systems, and farmer abilities and preferences.

Judging by the widespread adoption of GE seeds, farmers have benefited from them. U.S. farmers
planted about 169 million acres of GE corn, soybeans, and cotton in 2013 (table 3), accounting for
almost half of the estimated total land used to grow all U.S. crops.

On a global scale, approximately 420 million acres of GE crops were planted in 28 countries in
2012 (International Service for the Acquisition of Agri-biotech Applications, 2012). U.S. acreage
accounted for approximately 41 percent of acres planted with GE seed, Brazil accounted for 21
percent, Argentina for 14 percent, Canada for 7 percent, India for 6 percent, and China, Paraguay,
South Africa, and Pakistan each for roughly 2 percent.

Commercially introduced in the United States in 1996, major GE crops were rapidly adopted.
Planting of GE crops (measured in acres) increased by 68 percent between 2000 and 2005 and grew
by 45 percent between 2005 and 2013. Three crops (corn, cotton, and soybeans) make up the bulk
of U.S. acres planted to GE crops (table 3), mostly for herbicide tolerance (HT) and insect resistance
(Bt). Including varieties with HT and/or Bt traits, GE crops accounted for 90 percent of all planted
cotton acres, 93 percent of soybean acres, and 90 percent of corn acres in 2013. U.S. farmers have

Table 3
Major genstically engineered crops, 2000-2013
GE corn GE soybeans GE cotton

Year Million acres Percent of Million acres Percent of Million acres Percent ot

planted corn acres planted soybean acre planted cotton acres
2000 19.89 25 4010 54 9.47 61
2001 19.68 26 50.37 68 10.88 69
2002 26.82 34 55.47 75 9.91 71
2003 31.44 40 59.46 81 9.84 73
2004 38.04 47 63.93 85 10.38 76
2005 42.53 52 62.67 87 11.25 79
2006 47.78 61 67.21 89 12.68 83
2007 68.27 73 58.91 91 9.42 87
2008 68.79 80 69.66 92 8.15 86
2009 73.42 85 70.48 91 8.05 88
2010 75.85 86 71.99 93 10.21 93
2011 81.21 88 70.46 94 13.25 90
2012 85.50 88 71.79 93 11.58 94
2013 87.64 90 72.29 93 9.23 90

Genetically engineered crops in this table include Bt crops that have insect-resistant traits or HT craps that have herbi-
cide tolerance traits, or both.

Sources: USDA Economic Research Service using data from from USDA/NASS Quick Stats and Fernandez-Cornejo
(2013).
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Table 4

Sumn yof: ected studies on the effects of genetically engineered crops on yields, pesticide use,

and pet returns

Effects on

Crop/recaarchare /data of nublication Data source Yield Pesticide use Net returns
Herbicide-toleran_t soybeans
Delannay et al., 1995 Experiments Same na na
Roberts et al., 1998 Experiments Increase Decrease Increase
Arnold et al., 1998 Experiments Increase na increase
Marra et al., 1998 Survey Increase Decrease Increase
Reddy and Whiting, 2000 Experiments Same na Increase
Duffy, 2001 Survey Small decrease na Same
Fernandez-Cornejo et al., 2002! Survey Small increase Small increase Same
McBride & El-Osta, 20022 Survey na na Same
Bradley et al., 2004 Experiments Same na na
Marra et al., 2004 Survey Same na Increase
Herbicide-tolerant cotton
Vencill, 1996 Experiments Same na na
Keeling et al., 1996 Experiments Same na na
Goldman et al., 1998 Experiments Same na na
Culpepper and York, 1998 Experiments Same Decrease Same
Fernandez-Cornejo et al., 2000? Survey Increase Same Increase
Adhicari et al. 2000 Survey na na Increase
Herbicide-tolerant corn
Fernandez-Cornejo and Klotz-Ingram, Survey Increase Decrease Same
1998
Ferrell and Witt, 2002 Experiments Same na Small increase
McBride & El-Osta, 20022 Survey na na Increase
Parker et al., 2006 Experiments Same na na
Bt cotton
Stark, 1997 Survey Increase Decrease Increase
Gibson et al., 1997 Survey Increase na Increase
ReJesus et al., 1997 Experiments Same na Increase
Bryant et al., 19993 Experiments Increase na Increase
Marra et al., 1998 Survey Increase Decrease Increase
Fernandez-Cormnejo et al., 2000! Survey Increase Decrease Increase
Falck-Zepeda et al., 2000' Survey Increase na Increase
Cattaneo et al., 2006 Survey Increase Decrease na
Piggott and Marra, 2007 Experiments Increase na Increase
Bt corn
Rice and Pilcher, 1998! Survey Increase Decrease Depends on

infestation

continued—
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Table 4

ietically engineered crops on yields, pesticide use,

cliects on

Crop/researchers/date of publication Data source o Yield Pesticide use Net returns
Marra et al., 1998 Survey Increase Decrease Increase
Duffy, 20012 Survey Increase Na Same
Baute, Sears, and Schaafsma, 2002 Experiments Increase Na Depends on

infestation
McBride & El-Osta, 20024 Survey Na Na Decrease
Pilcher et al., 20025 Survey increase Decrease Na
Dillehay et al., 20045 Experiments Increase Na Na
Mitchell et al., 20047 Experiments Increase Na Depends on

infestation
Fernandez-Cornejo and Li, 20058 Survey Increase Decrease Na
Mungai et al., 2005° Experiments Increase Na Na

_F:mn atal,, 200710 Experiments Increase Na Na

na = not analyzed in the study; 'Results using 1997 data; ?Results using 1998 data; 3Results are for 1996 and 1998, results were different for
1997 when the pest pressure was low; *Results using 1998 data; SResults using 1996-1998 data; €Results using 2004-2006 data;
"Results using data from 1997-1999 ; 8Results using data from 2001; ?Results using data from 2002-2003, °Results using data from 2002.

The profitability of GE seeds for individual farmers depends largely on the value of the yield losses
mitigated and the associated pesticide and seed costs.!> GE adoption tends to increase net returns if
the value of yield losses mitigated plus the pesticide savings exceeds the additional GE seed costs.

Adoption of Bt crops increases yields by mitigating yield losses to pests. Bt crops are particularly
effective at mitigating yield losses. For example, before Bt corn was commercially introduced in 1996,
the European corn borer was only partially controlled using chemical insecticides (Fernandez-Cornejo
and Caswell, 2006). Chemical use was not always profitable, and timely application was difficult.
Many farmers accepted expected yield losses of 0.4 to 3.2 bushels from this pest rather than incur the
expense and uncertainty of chemical control (Hyde et al., 1999). After the introduction of Bt corn,
adopters who had previously controlled corn borer infestations using insecticides lowered their pesti-
cide costs and increased their yields. Adopters who had not previously treated European corn borer
infestations with insecticides achieved only yield gains (and may have incurred higher seed costs).

In addition to improvements in background germplasm, Bt corn yields have increased over time

as new insect resistance traits have been incorporated into the seeds and multiple (stacked) traits
have become available (Fernandez-Cornejo and Wechsler, 2012). For instance, upon commercial
introduction in 1996, Bt corn seeds were only resistant to one type of pest: the European corn borer.
Since then, resistance to corn rootworms (2003) and corn earworms (2010) has been introduced.

151n this report, net returns are defined as per-acre revenues minus per-acre variable costs. Revenues per acre are equal
to crop yields times crop price. Per-acre variable input costs include pesticide, seed and labor costs. Seed costs paid
by adopters of GE varieties include a technology fee. This measure of net returns is used because most of the financial

impacts of adopting GE crops result from changes in crop yields, chemical costs, and increased seed costs. This measure
is estimated using field-level data and captures the greatest influence that GE crop adoption would have on farm financial
performance as it also filters out the impact of other farm activities—such as livestock production (Fernandez-Cornejo
and McBride, 2002). The econometric estimation involves estimating a restricted profit function (Fernandez-Cornejo and
Wechsler, 2012) together with the associated supply function and input demand functions (hired labor is also included
and wages are used as the numeraire).
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Most experimental field tests and farm surveys show that Bt crops produce higher yields than conven-
tional crops (table 4). Intuitively, Bt adopters are more likely to obtain higher yields than nonadopters
by controlling insects and thus reducing yield losses to pests. The yield gain of Bt crops has become
larger in recent years as new Bt traits have been incorporated into the seeds and multiple (stacked)
traits have become available. For example, ARMS data show that the yield gain by Bt corn adopters
relative to conventional varieties increased from 12.5 bushels per acre in 2001 to 16 bushels in 2005
and 26 bushels in 2010 (table S; Fernandez-Cornejo and Li, 2005).16 The geographical distributions of
Bt adoption rates and average corn yields for 2010 are shown in figures 6 and 8, respectively.

While mean comparisons are illustrative, definitive conclusions about relative yields are possible
only if the data are generated under experimental settings where factors other than adoption are
controlled for by making them as similar as possible (Fernandez-Cornejo and McBride, 2002; NRC,
2010)."7 This is not the case with survey data.!® Bt use is not random. Surveyed farmers are not
randomly assigned to a treatment group (adopters) and a control group (nonadopters). Consequently,
adopters and nonadopters may be systematically different from one another (for example, in terms
of management ability). If these differences affect both farm performance and Bt adoption, they will
confound the analysis (Fernandez-Cornejo and McBride, 2002; Fernandez-Cornejo et al., 2002).
This self-selection!? biases the statistical results unless it is corrected (Greene, 1997). Fernandez-

Table 5

Bt corn adopters and non-adopters, 2005 and 2010 (Samnple means of selected variables)
Varighle Unit Bt Non-Bt  Difference Significance
2005

Yield Bushels/acre 155.1 138.6 16.6 e
insecticide use Pounds Ai/acre 0.05 0.09 -0.04 !

Corn price Dollars/bushel 1.95 2.01 -0.06 NS
2010

Yield Bushels/acre 159.2 132.7 26.5 i
Insecticide use Pounds Ai/acre 0.02 0.02 0.00 NS
Corn price Dollars/bushel 5.39 5.40 -0.01 NS

* **, and **" Indicates statistical significance at 10, 5, and 1 percent level, respectively.

NS = Not significant. 'Significant at the 5-percent level when using standard procedures but not significant (p value 0.15)
when using the delete-a-group jacknife procedure to estimate variances (Kott, 1998).

Source: USDA Economic Research Service using data from 2005 and 2010 Agricultural Resource Management Survey
corn surveys.

16The difference in means of corn yields between adopters and nonadopters is statistically significant for 2005 and
2010 using either the delete-a-group jackknife procedure (Kott, 1998) or the standard statistical test.

"The panel members who wrote the NRC report were Y. Carriere, W. Cox, D. Ervin, J. Fernandez-Cornejo,
R. Jussaume Jr., M. Marra, M. Owen, P. Raven, L. Wolfenbarger and D. Zilberman.

¥Marra et al. (2002a) provides an extensive discussion of the various types of biases that can arise when comparing
means not only in farm (and field) surveys but in experimental settings as well (see box 3 for a discussion of the bias that
may be caused by the halo effect).

195elf-selection is a type of endogeneity (Maddala, 1983; Greene, 1997). Endogeneity arises when there is a correlation
between the explanatory variable and the model’s residuals. If endogeneity is not accounted for (for instance, through the
use of instrumental variable techniques), the resuits of the analysis will be biased. A common approach used to control
for self-selection is sometimes called an instrumental variables approach. The model includes two stages. The first stage,
which is referred to as the adoption decision model, is used to estimate the predicted values of the probability of adoption
using a probit model. The second stage, or impact model, uses the predictions estimated in the first stage to estimate the
impact of adopting Bt seeds on yields, seed demand, insecticide demand, and net returns.
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Table 6
The Impact of adoptina Bt corn: Elasticities 2005.2010'

Elasticity with respect to the nrobabilitv of adontion

Variable 2005 2010
Net returns 0.17 0.238 o
Yield 0.17 0.23
Seed 0.1 0.21
Insecticide NS NS

'Elasticity measures the responsiveness of a variable (e.g., s, yield) to a change in another (e.g., adoption rate). It is unit
free and always expressed in percentage terms.

Bt crops have insect-resistant traits

NS = Not significant.

Sources: 2005: Fernandez-Cornejo and Wechsler (2012). 2010: New analysis by Economic Research Service. (Model!
results using 2010 ARMS corn data. Model specification similar to that used by Fernandez-Cornejo and Wechsler, 2012).

Table 7
HT soybean adopters and non-adopters, 2006

HT Non-
Variable Units adopters adopters Difference  Significance
Yield Per acre yields, in bushels 45.6 40.6 5.0 *
Total herbicide use Pounds Al per acre 1.36 1.05 0.31 NS
Glyphosate use Pounds per acre 1.23 0.38 0.85 il
Other herbicides use Pounds per acre 0.13 0.66 -0.53 1

*, ™, and *** Indicates statistical significance at 10-, 5-, and 1-percent level, respectively.

NS = Not significant.

1Significant at the 5-percent level when using standard procedures but not significant (p value = 0.14) when using the
jacknife procedure to estimate variances (Kott, 1998).

HT crops have herbicide tolerance traits.

Source: Economic Research Service using data from 2006 Agricultural Resource Management Survey soybean survey.

yield of 134 bushels per acre in 2010. By contrast, seeds with two types of herbicide tolerance
(glyphosate and glufosinate) and three types of insect resistance (corn borer, corn rootworm, and
corn earworm) had an average yield of 171 bushels per acre. These results are consistent with find-
ings by Nolan and Santos (2012), who analyzed a rich dataset of experimental hybrid trials collected
by the extension services of 10 universities in major corn-producing States from 1997 to 2009.

Not surprisingly, adoption rates of stacked-seed varieties have increased quickly (figs. 9 and 10).
Stacked corn seeds grew from 1 percent of the corn acres in 2000 to 9 percent in 2005 and 71
percent in 2013, while stacked cotton seeds grew from 20 percent to 34 percent in 2005, and 67
percent in 2013 (figs. 9-10). The most widely adopted GE corn varieties have both Bt and HT traits
(table 8). Varieties with three or four traits are now common.

GE seed prices are influenced by stacking and many other factors. The market price of seed
incorporates the costs associated with seed development, production, marketing, and distribution
(Fernandez-Cornejo, 2004). The price must reflect farmers’ willingness to pay while ensuring a profit
margin after costs. Furthermore, the price depends on the competitiveness of the particular seed
market, and the pricing behavior of those firms that hold large shares of the market (NRC, 2010).
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Table 8
Ardnntinn nf nanatirally enainearad varistieg hv 1).S. carn nrodneare 2040

Gkt wais (naregnt adoptersy

Seed Type Btonly HT anlv Bt/HT No GF
1. Genetically modified herbicide resistant seed variety (e.g.

LIBERTYLINK; ROUNDUP READY CORN) 21.36

2. Non-genetically modified herbicide resistant seed variety

(e.g. IMI-CORN) 3.48

3. Genetically-modified Bt variety for insect resistance to

control the European Corn Borer (Bt-ECB) (e.g. YIELDGARD,
YIELDGARD CORN BORER, HERCULEX I, NATUREGARD,
KNOCKOUT) 712

4. Genetically modified Bt variety for insect resistance to con-
trol the corn rootworm (Bt-CRW) (e.g. YIELDGARD ROOT-
WORM, HERCULEX RW) 3.06

5. Stacked gene (trait) variety with both genetically modified
Bt-ECB and Bt-CRW (e.g. YIELDGARD PLUS, HERCULEX
XTRA) 3.81

6. Stacked gene variety with two genetically modified herbi-
cide resistant traits (e.g. LIBERTYLINK + ROUNDUP READY) 3.73

7. Stacked gene variety with both genetically modified Bt-ECB

and herbicide resistant (e.g. YIELDGARD + ROUNDUP

READY, YIELDGARD CORN BORER WITH ROUNDUP

READY CORN 2, HERCULEX | + LIBERTYLINK) 9.77

8. Stacked gene variety with both genetically modified

Bt-CRW and herbicide resistant (e.g. YIELDGARD ROOT-

WORM WITH ROUNDUP READY CORN 2, HERCULEX CW +

ROUNDUP READY CORN ) 8.03

9. Triple stacked gene variety with genetically modified Bt-

ECB and Bt-CRW plus herbicide resistant traits (e.g. YIELD-

GARD PLUS WITH ROUNDUP READY CORN 2, HERCULEX

XTRA + LIBERTYLINK) 25.91

10. Stacked gene varieties that, in addition to the ECB and the 571
rootworm, can control the corn earworm

11. Multiple (more than three) trait stacked variety with sev-
eral Bt traits and two herbicide resistant traits—glyphosate

(Roundup) and glufosinate (Liberty) 1.24
12. None of the above 6.79
Total 13.99 25.08 50.66 10.26

Source: USDA Economic Research Service using data from 2010 Agricultural Resource Management
Survey corn survey.

depends largely on public sector research, which is largely cost free for farmers. There is no GE
wheat commercially available.20

The real price index for seed rose nearly 30 percent faster than the average index of prices paid by
U.S. farmers over 1996-2007 (NRC, 2010). The price of GE soybean and corn seeds grew by about

20Monsanto discontinued breeding and field level research on its GE Roundup Ready wheat in 2004.
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50 percent in real terms (adjusted for inflation) between 2001 and 2010 (fig. 11). The _ ze of GE
cotton seed grew even faster (NRC, 2010).

The increase in GE seed prices can be attributed in part to increasing price premiums over conven-
tional seeds (which include technical fees) associated with the rising share of GE seeds with more
than one trait and/or more than one mode of action for particular target pests (NRC, 2010). Another
factor contributing to the increase in GE seed prices is the improvement in seed genetics (germ-
plasm) (NRC, 2010). The rapid adoption of GE crops indicates that many farmers are willing to pay
higher seed prices because of improved seed performance and the additional pest management traits
embedded in the GE seed.

Various studies of stacked GE seed varieties have found that stacked seeds are priced less than the
sum of their component values (Stiegert et al., 2010). Shi et al. (2008, 2010) note that sub-additive
pricing is consistent with “the presence of economies of scope in seed production.” Moreover,
these scope economies are consistent with “synergies in R&D investment (treated as a fixed cost)”
across stacked seeds that can contribute to reducing total cost (Shi et al., 2010). Shi et al. (2009)
found that while increased concentration in the seed industry has contributed to higher seed prices,
complementarity effects in production and distribution mitigate these effects. Kalaitzandonakes et
al. (2010-11) conclude that, while estimation of market power and associated price markups is not
straightforward, the U.S. seed industry show both “moderate market power” and dynamic market
efficiency (as indicated by the balance between firm profits and investments in product quality and
innovation) over their period of analysis (1997-2008).

Adoption, Net Returns, and Farm Household Income

The impacts of GE crop adoption vary by crop and technology. Most studies show that adoption of
Bt cotton and Bt corn is associated with increased net returns (table 4). However, some studies of
Bt corn show that profitability is strongly dependent on pest infestation levels.?! The impact of HT
seeds (for corn, cotton, and soybeans) on net returns depends on many factors.

Planting Bt cotton and Bt corn is often more profitable than planting conventional seeds. ERS
researchers found that adoption of Bt cotton was positively associated with net producer returns in
1997 (Fernandez-Cornejo and McBride, 2002). Using 2005 ARMS data, Fernandez-Cornejo and
Wechsler (2012) found that a 10-percent increase in the probability of adopting Bt corn was associ-
ated with a 1.7-percent increase in net returns. In a new ERS analysis using 2010 ARMS data, we
find that a 10-percent increase in the probability of adopting Bt corn was associated with 2.3-percent
increase in net returns (table 6). Thus, there is essentially no change compared to earlier findings
that planting Bt cotton and Bt corn is more profitable, as measured by net returns, than planting
conventional seeds.

The effect of HT seeds on net returns depends on many factors. A primary advantage of herbi-
cide-tolerant crops over traditional crops is cost savings (Fernandez-Cornejo and McBride, 2002).
Producers who plant HT crops expect to achieve at least the same output while lowering weed

21Because pest pressure varies from one region to another, the economic benefits of Bt corn and consequently the rates
of adoption vary regionally (fig. 6). Additionally, farmers must decide whether or not to use Bt corn before they know the
severity of pest infestations, corn prices, or the price of insecticides. “Overadoption” may result from incorrect predic-
tions (Fernandez-Cornejo and McBride, 2002). Alternately, farmers may be willing to adopt Bt seeds in order to reduce
the risks associated with infestation levels that are higher than expected.
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| genetically enginee | (GE) seed are higher than those of non-GE seed, soybeans
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HT crops have herbicide tolerance traits.
Source: USDA Economic Research Service using data from USDA National Agricultural Statistics Service
Agricultural Prices, various years.

control costs for chemicals and for mechanical methods, and minimizing the need for scouting. In
return, producers pay more for HT seeds.

An additional economic effect is that the substitution of glyphosate, used in most herbicide-tolerant
programs, for other herbicides decreases the demand for (and thus the price of) other herbicides
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(Fernandez-Cornejo and McBride, 2002). Thus, the introduction of HT seeds may have lowered
pesticide costs for both HT seed adopters and nonadopters.

Finally, HT seed-based production programs allow growers to use one product to control a wide
range of both broadleaf and grass weeds instead of using several herbicides to achieve adequate
weed control. Herbicide-tolerant crops also complement ongoing trends toward post-emergence
weed control, the adoption of conservation tillage practices, and the use of narrow row spacing. The
simplicity and flexibility of weed control programs for HT seeds require less management attention,
freeing valuable management time for other activities (Fernandez-Cornejo and McBride, 2002).

HT seed has a mixed effect on net returns. The evidence on the impact of HT seeds (for corn,
cotton, and soybeans) on net returns is mixed (table 4). Several researchers (Fernandez-Cornejo

and McBride, 2002; Bernard et al., 2004; Marra et al., 2002) found that the adoption of herbicide-
tolerant cotton has a positive impact on net returns. For example, Fernandez-Cornejo and McBride
(2002) found that the elasticity of net returns with respect to the probability of adoption of herbicide-
tolerant cotton was +0.18.22 Bernard et al. (2004) found that adopting HT soybeans improved profits
on Delaware farms. However, Fernandez-Cornejo et al. (2002) and McBride and El-Osta (2002)
found no significant difference between the net returns of adopters and nonadopters of HT soybeans.
Bullock and Nitsi (2001) found that HT soybean farmers are less profitable than their conventional
counterparts. Overall, the empirical evidence on the impact of adopting herbicide-tolerant soybeans
on net returns is inconclusive (NRC, 2010).23

The fact that several researchers found no significant differences between the net returns of adopters
and nonadopters of HT crops (particularly HT soybeans) despite the rapid adoption of these crops
suggests that many adopters may derive nonmonetary benefits from HT adoption. In particular,
weed control for HT soybeans may be simpler, freeing up management time for leisure, enterprise
growth, or off-farm income-generating activities.

HT crop adoption increases farm household income and has non-pecuniary benefits. ERS
research shows that HT adoption is associated with higher off-farm household income for U.S.
soybean farmers, most likely because time savings are used to generate income via off-farm employ-
ment (Fernandez-Cornejo et al., 2005). ERS researchers found that a 10-percent increase in the
probability of adopting HT soybeans is associated with a 16-percent increase in off-farm household
income. Household income from onfarm sources is not significantly associated with adoption of HT
technology (Fernandez-Cornejo et al, 2007). These findings corroborate the notion that technology
adoption is influenced by (or influences) the tradeoff between household/operator time spent in
onfarm and off-farm activities. More recently, Gardner et al. (2009) confirm that genetically engi-
neered crops lead to household labor savings in U.S. crop (corn and cotton) production. Using corn
and soybean data, Marra and Piggott (2006) demonstrate that there are non-pecuniary benefits to
GE crop adoption and show that farmers adopting GE crops place a monetary value on the conve-
nience, flexibility, and increased worker safety associated with growing HT crops.

22E]asticity measures the responsiveness of a variable (e.g., net returns) to a change in another (e.g., adoption rate). It is
unit free and is expressed in percentage terms.

BGiven the high rates of adoption of HT soybeans (more than 90 percent in recent years), econometric studies using
recent data are problematic because of the small size of the sample of nonadopters and the likelihood that there may be
other factors influencing the decision not to adopt (e.g., organic farming) of that small group. This may lead to a stronger
selection bias compared to studies using data from earlier years.
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Adoption and Pesticide Use

Many studies based on field tests and farm surveys have examined the extent to which GE crop
adoption affects pesticide (insecticide and herbicide) use, and most results show a reduction in
pesticide use (table 4). A National Research Council study (2010) concurred that GE crops lead to
reduced pesticide use and /or lower toxicity compared to conventional crops.

Insecticide use decreases with the adoption of Bt crops. Generally, Bt adoption is associated with
lower insecticide use (table 4). Pounds of insecticide (per planted acre) applied to corn and cotton
crops have declined over the course of the last 15 years (fig. 12). (Results for cotton in 1999-2001
were distorted because of the high application rates of the insecticide Malathion during the boll
weevil eradication program.)

Insecticide use on corn farms declined most years and had an overall drop from 0.21 pound per corn
planted acre of corn in 1995 (the year before Bt corn was commercially introduced) to 0.06 in 2005
and 0.02 pound in 2010 (fig. 12). Insecticide use has declined for both Bt adopters and nonadopters
in recent years. According to ARMS data, only 9 percent of all U.S. corn farmers applied insecti-
cides in 2010.

Econometric studies by ERS researchers have also found that, except for recent years, Bt crop
adoption led to decreases in insecticide use, controlling for other factors. For example, Fernandez-
Cornejo et al. (2003) show that the adoption of Bt cotton in the Southeast region (which had higher
rates of Bt adoption) was associated with lower insecticide use on cotton in 1997, After controlling
for other factors, a 10-percent increase in Bt corn adoption was associated with a decrease in insec-
ticide use of 4.1 percent in 2001 (Fernandez-Cornejo and Li, 2005). However, Bt corn adoption was
not significantly related to insecticide use in more recent years using 2005 data (Fernandez-Cornejo
and Wechsler, 2012), as well as in a new ERS analysis using 2010 survey data (table 6).

Figure 12
insecticide use in corn and cotton production, 1995-2010

Cotton, pounds per planted acre Corn, pounds per planted acre
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250 41 Cormn insecticides F 0.25
(right axis)
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1.00 Cotton insecticides
(left axis)
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Source: USDA Economic Research Service using data from USDA National Agricultural Statistics Service
Agricultural Chemical Usage reports.
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Figure 13
Insecticide use in corn farms: adopters and non-adopters of Bt corn, 2001-2010
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Bt crops have insect-resistant traits.
Source: USDA Economic Research Service using data from 2001, 2005, and 2010 ARMS Phase Il corn surveys.

Taken together, these results suggest that insect infestation levels on corn were lower in recent years
than in earlier years and are consistent with findings by Hutchinson et al. (2010) that European
corn borer populations have steadily declined over the last decade. Moreover, several researchers
have shown that areawide suppression of certain insects such as the European corn borer and the
pink bollworm are associated with the use of Bt corn and Bt cotton, respectively (see box, “Bt Crop
Adoption and Areawide Pest Suppression”).

Adoption of HT crops has mixed impact on herbicide use. Herbicide use on cotton and soybean
acres (measured in pounds per planted acre) declined slightly in the first years following introduc-
tion of HT seeds in 1996, but increased modestly in later years (fig. 14a). Herbicide use on soybean
farms has been mostly constant since 1996, but increased slightly starting in 2002 and peaked in
2006. Herbicide use on corn fell from about 2.6 pounds per acre in the early years of HT corn adop-
tion to less than 2 pounds per acre in 2002 but increased moderately in recent years. Herbicide use
on corn by HT adopters increased from around 1.5 pounds per planted acre in both 2001 and 2005
to more than 2.0 pounds per planted acre in 2010, whereas herbicide use by nonadopters did not
change much (fig. 14b). HT adoption likely reduced herbicide use initially, but herbicide resistance
among weed populations may have induced farmers to raise application rates in recent years, thus
offsetting some of the economic and environmental advantages of HT corn adoption regarding
herbicide use.?*

The main effect of HT crop adoption on herbicide use is the substitution of glyphosate for more
toxic herbicides. Despite the mixed but relatively minor effect HT crop adoption has had on overall
herbicide usage, most researchers agree (NRC, 2010) that the main effect of HT crop adoption is
the substitution of glyphosate for more traditional herbicides. Because glyphosate is significantly

24 Adoption of conservation tillage by HT adopters may have also confounded these comparisons.
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wind and water, increases water retention, and reduces soil degradation and water/chemical runoff.
In addition, conservation tillage reduces the carbon footprint of agriculture.

Adopters of HT crops practice conservation tillage more than growers of conventional varieties.
Since the 1980s, the adoption of conservation tillage practices by U.S. farmers has been facilitated
by the availability of post-emergent herbicides that can be applied over a crop during the growing
season. Post-emergent herbicides are especially beneficial in no-till production systems because
these herbicides control weeds without tilling the soil. HT crops have helped spread no-till farming
further since they often allow a more effective system than just using other post-emergent herbicides
(Fernandez-Cornejo and Caswell, 2006).

According to USDA survey data, 60 percent of HT soybean planted acres used conservation tillage
practices in 1997 versus 40 percent of conventional soybean acres (Fernandez-Cornejo and Caswell,
2006). By 2006, approximately 86 percent of HT soybean planted acres were under conservation
tillage compared to only 36 percent of conventional soybean acres (fig. 15).

Differences in the use of no-till specifically are just as pronounced. While approximately 45 percent
of HT soybean acres were cultivated using no-till technologies in 2006, only 5 percent of the

acres planted with conventional seeds were cultivated using no-till techniques.?’ Cotton and corn
data exhibit similar though less pronounced patterns. Thirty-two percent of HT cotton acres were
planted using conservation tillage in 2007, compared to 17 percent of conventional cotton acres (fig.
16). Thirty-three percent of HT corn acres were planted using no-till in 2005, versus 19 percent of
conventional corn acres (fig. 17).

Figure 15
Adopters of herbicide-tolerant crops used conservation tillage more than did growers of

conventional varieties: soybeans, 2006

Percent of acres
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80 Conventional tillage practices
B Other conservation tillage practices
(excludes no-till)
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Conservation tillage includes no-till, ridge-till and mulch-till.
Source: USDA Economic Research Service using data from 2006 ARMS Phase Il soybean survey.

2TNo-till systems are often considered the most effective of all conservation tillage systems. They leave 100 percent of
crop residues on the soil surface and the soil is undisturbed from harvest to planting, resulting in the highest percentage
of surface being covered by crop residues, minimizing soil loss and water runoff (Janssen and Hill, 1994).
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Pest Resistance Management and GE Crops

Pesticide resistance evolution occurs when pesticide use favors the survival of pests naturally resis-
tant to the pesticide. Over time, these resistant pests become predominant in the pest population (see
box, “Economics of Resistance Management”). Developers of Bt crops and other researchers recog-
nized early on that insect resistance to Bt toxins could develop. Measures to delay the onset of such
resistance (such as refuges) were taken and, so far, the emergence of insect resistance to Bt crops has
been low and of “little economic and agronomic significance” (NRC, 2010), but there are some indi-
cations that insect resistance is developing to some Bt traits in some areas.?® Also, since many users
of HT crops rely solely on glyphosate to control weeds, resistance to this herbicide was anticipated
by some researchers. Thus far, overreliance on glyphosate and a reduction in the diversity of weed
management practices adopted by crop producers have contributed to the evolution of glyphosate
resistance in 14 weed species and biotypes in the United States.

Insect Resistance to Bt Crops

Prior to the availability of Bt crops, entomologists and other scientists successfully argued that
mandatory refuge requirements—planting sufficient acres of the non-Bt crop near the Bt crop—were
needed to reduce the rate at which targeted insect pests evolved resistance. Such refuges slow the
rate at which Bt resistance evolves by allowing target insects that are susceptible to the Bt toxin to
survive and reproduce. To be effective, the refuge must be positioned appropriately and be large
enough to ensure that insects that survive on the Bt acres mate with insects that survive on the
non-Bt acres. Such interbreeding increases the chances that their progeny are susceptible, having
inherited Bt resistance as a recessive trait.?’

The U.S. Environmental Protection Agency (EPA) instituted mandatory refuge requirements as a
condition of the registration of Bt corn and Bt cotton varieties for commercial use in the United
States. This was the first time regulations were used to manage resistance to a pest control tech-
nology. Bt crop growers were required to sign a contract with their technology provider to comply
with minimum refuge requirements, and technology providers were required to monitor and
enforce grower compliance. An analysis of more than a decade of monitoring data suggests that the
minimum refuge requirement, as well as natural refuges that also serve as hosts for target insect
pests, has helped delay the evolution of Bt resistance (Tabashnik et al., 2008).

28There is some indication of emergence of Bt-resistant corn rootworm in some parts of the Corn Belt http://www.
bloomberg.com/news/2012-09-04/-mounting-evidence-of-bug-resistant-corn-seen-by-epa.html. http://bulletin.ipm.
illinois.edu/article.php?id=1704. There is also anecdotal evidence that resistance is a contributing factor to increasing
corn insecticide sales in 2012 and 2013 (1. Berry; WSJ, May 21, 2013). Tabashnik et al. (2013) recently analyzed 77 stud-
ies carried out in 5 continents from 1996 to 2012. They find that “although most pest populations remained susceptible,
reduced efficacy of Bt crops caused by field-evolved resistance has been reported now for some populations of 5 of 13
major pest species examined, compared with resistant populations of only one pest species in 2005.” They conclude that
“the increase in documented cases of resistance likely reflects increases in the area planted to Bt crops, the cumulative
duration of pest exposure to Bt crops, the number of pest populations exposed and improved monitoring efforts.” They
also conclude that while “regulations in the United States and elsewhere mandate refuges of non-Bt host plants for some
Bt crops, farmer compliance is not uniformly high and the required refuge percentages may not always be large enough
to achieve the desired delays in evolution of resistance. Both in theory and practice, using Bt crops in combination with
other tactics as part of integrated pest management may be especially effective for delaying pest resistance.”

29A dominant trait will be expressed in progeny if at least one of the parents has the gene for that trait. A recessive trait
will be inherited if both parents have the gene for that trait. (Hedrick, 2000).
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Refuge requirements depend on economic factors. Hurley et al. (2001) and Livingston et al. (2004)
examine the characteristics of economically efficient refuge requirements for U.S. corn and cotton
producers, respectively, for the single-toxin Bt corn and Bt cotton varieties. Both studies demonstrate
that economic returns might be improved over the long run if corn and cotton producers comply
with refuge requirements because of forestalling the onset of Bt resistance. The size of the economi-
cally efficient refuge requirement, however, was shown to depend on the length of the time horizon,
the discount rate, and resistance evolution to conventional insecticides used to control target insect
pests in the refuge acres. The refuge’s ideal size was also shown to be extremely sensitive to how
dominant the inherited Bt resistance trait is. Larger refuges are required to maintain susceptibility
to Bt in target pest populations for longer time periods and when Bt resistance is inherited as a more
dominant genetic trait by the target insect species.

Livingston et al. (2007) provide empirical support for the relaxation of mandatory refuge require-
ments for farmers who plant cotton varieties that express multiple Bt toxins in areas that have
sufficient sources of unstructured refuge.3 These varieties control the target pest species much
more effectively than single-toxin varieties. Also, most U.S. cotton is grown in areas with sufficient
sources of unstructured refuge—including both cultivated and uncultivated crops and plants that
serve as alternative hosts for the target insect pest species, particularly the cotton bollworm and the
tobacco budworm—effectively eliminating the need for a structured (or minimum) refuge require-
ment. Cotton growers in Arizona, California, New Mexico, and west Texas are still required to plant
minimum, structured refuges.

Refuge requirements are reduced for multiple-toxin Bt cotton varieties in some areas. EPA has
eliminated the minimum refuge requirement for certain Bt cotton varieties that express multiple
toxins in areas that appear to have sufficient unstructured refuge, but not for Bt corn varieties

that express multiple toxins. The latter are less toxic to an important target pest known as the
western corn rootworm, which might inherit Bt resistance as a partially dominant trait. Recently,
western corn rootworm larvae were collected from Iowa Bt cornfields that showed evidence of root
damage, and laboratory assays later confirmed that their progeny were less susceptible to Bt toxins
(Gassmann et al., 2011). This has raised concerns about regulatory compliance and a continued need
for minimum refuge requirements for Bt corn growers.

Evolution of Glyphosate Resistance in Weeds

The herbicide glyphosate is more environmentally benign than the herbicides that it replaces.
Glyphosate controls a wide array of weeds and is used on most of the HT corn, soybeans, and cotton
grown in the United States. Glyphosate has been the most heavily used pesticide in the United States
since 2001 (Grube et al., 2011), due in part to the popularity of HT crops and the steady decline in
its price following the expiration of glyphosate’s patent in 2000 (Duke and Powles, 2008).3!

Because the pollen and seeds of many different weed species can disperse between farms in the
atmosphere and in conjunction with the movement of animals and farm equipment, economic incen-
tives for adopting best management practices (BMPs) that maintain the effectiveness of glyphosate

30According to Andow et al. (2008), “a structured refuge is one that is planted near Bt cotton deliberately and an un-
structured refuge relies on the other crops already grown as part of the local cropping system and where Bt is not used.”

3lImpending expiration of glyphosate patent protection in 2000 and the availability of generic glyphosate herbicides
have led to a decrease in its price since 1998.

. 31
Genetically Engineered Crops in the United States, ERR-162
Economic Research Service/USDA


http:2008).31

over time are reduced (Miranowski and Carlson, 1986).32 The economic and biological impacts
associated with any farmer’s pesticide-use decisions will accrue not only to that farmer, but to other
nearby farmers as well. Unless resistance management is coordinated across farms, economic incen-
tives for farmers to account for the effects of their decisions on resistance are reduced, even on

their own farms. This is because the effectiveness and longrun economic benefits of using BMPs to
manage resistance depend on the level of adoption by nearby farmers, while the short-run costs of
BMP adoption are borne solely by the adopters.>3 In this setting, resistance can evolve at an econom-
ically inefficient rate because market-based economic incentives are insufficient to promote an effi-
cient level of BMP adoption (Hueth and Regev, 1974; Feder and Regev, 1975).

This reduction in economic incentives to adopt BMPs and the economic and environmental bene-
fits associated with the HT crop-glyphosate combination have contributed to an overreliance on
glyphosate and a concomitant reduction in the diversity of weed management practices by U.S.

crop producers. This, in turn, has contributed to the evolution of glyphosate resistance in some
weed species and a shift in weed composition in fields, favoring weeds that are naturally resistant to
glyphosate. This leads to higher management costs, reduced yields and profits, and increased use of
less environmentally benign herbicides. Glyphosate resistance is currently documented in 14 U.S.
weed species (Heap, 2012), and the potential exists for much more acreage to be affected (Frisvold
et al., 2009; Shaw et al., 2011).34

Because no new major herbicide chemistry has been made commercially available in the last 20
years, and because few new ones are expected to be available soon (Harker et al., 2012), many plant
scientists believe that slowing the rate of glyphosate resistance and the spread of glyphosate-resistant
(GR) weeds are among the most important problems facing U.S. crop producers (NRC, 2010, 2012).
In addition, private and public programs seeking to promote the adoption of BMPs are in their
infancy and do not address the reduced incentives to adopt BMPs caused by the ability of weed
seeds to disperse between farms—the programs do not discourage the use of weed management
practices that contribute to resistance.

Best management practices (BMP) may help sustain the efficacy of HT crops. Because weeds
tend to inherit resistance to glyphosate as a dominant trait, the mandatory refuge requirement, which
has been successful in sustaining the efficacy of Bt crops, might not be a viable option for HT crops
(NRC, 2010). Depending on the weed, several BMPs, which are relatively difficult to monitor and
enforce, might be required. These include using at least one other herbicide (particularly a residual
herbicide that takes longer to decompose and thus stays in the soil longer), rotating crops, increasing
the intensity of tillage, cleaning equipment between use in different fields to prevent the spread of
weed seeds and pollen, and optimizing application by using the application rate recommended on
the herbicide label and applying herbicides at the appropriate time and uniformly throughout the
field. Some of these practices have been associated with increased weed management costs (Hurley
et al., 2009), and many farmers, perhaps due partly to the incentive problems described above, are

32Dauer et al. (2009) provide empirical evidence that horseweeds, one of the more important glyphosate-resistant weed
species, can disperse between farms.

33BMPs include applying multiple herbicides with different modes of action at the recommended rates and devel-
opmental stages for the target weeds in the field, increasing the intensity of tillage to reduce the fraction of seeds that
germinate, planting weed-free crop seed, scouting fields routinely, cleaning equipment to reduce the rate of introducing
weeds to other fields, and preventing weed introductions by maintaining field borders (Norsworthy et al., 2012).

34Glyphosate resistance in weed species and biotypes in the United States is also due to glyphosate use in tree
orchards, on roadsides, and on non-HT crops, where it is used before crops are planted and after they are harvested.
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only adopting BMPs in the presence of glyphosate-resistant weeds, as opposed to adopting preventa-
tive approaches.?

Another approach currently being promoted by technology providers is the use of HT crops that are
tolerant to two herbicides. However, the commercial availability of these types of crops does not
address the incentive problem caused by the ability of weeds to disperse between farms. At least
one HT crop provider is issuing rebates to growers who plant specific HT crop varieties, use glypho-
sate herbicides manufactured by that HT crop technology provider, and agree to use pre-emergent,
residual herbicides.>® The rebate program promotes the use of glyphosate in combination with other
herbicides, which mitigates resistance; however, the program does not fully address the reduced
incentive to adopt BMPs caused by the ability of weed seeds and pollen to disperse between farms.

USDA’s NRCS recently initiated the Integrated Pest Management (IPM) Herbicide Resistance Weed
Conservation Plan, which specifies guidelines for monitoring, recordkeeping, IPM, and conserva-
tion that satisfy criteria for soil, water, and air quality. Under the program, USDA pays farmers 75
percent of the cost of developing activity plans, which contain the minimum components needed to
apply for cost-sharing assistance under the Environmental Quality Incentives Program (EQIP). This
program can help promote the adoption of BMPs. However, in the absence of widespread adoption
of BMPs, farmer participation might be insufficient to manage the evolution of glyphosate resistance
in a manner that is optimal for crop producers.

35Many farmers incorrectly assume there is no need to adopt BMPs because new herbicides will be available in the
future (Norsworthy et al. 2012). In addition, the benefits of using BMPs occur in the future and are uncertain, as opposed
to the certain increase in production costs.

36More information about this program is available at https://www.roundupreadyplus.com/Pages/Home.aspx.
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Consumer Demand for GE Products

The successful marketing of crops produced via genetic engineering is contingent on consumer
acceptance of these products (or products containing GE ingredients). Some consumers, including
those in the European Union, have indicated a reluctance to consume GE products. In other coun-
tries, including the United States, expression of consumer concern is less widespread. Researchers
studying markets in high-income nations often find that consumers are willing to pay a premium
for non-GE products,?’ but recent studies have found that some consumers in developing countries,
and others interested in second-generation traits like enhanced nutrition content, are more willing to
consider GE foods. Information and types of GE technology may also affect consumer response to
GE foods. In some countries, retailers have developed particular policies for GE ingredients in the
foods they sell under their own brand names.

Willingness-to-Pay for GE and Non-GE Foods

Researchers have used a variety of methodologies to determine how much consumers are willing to
pay for GE foods and how much they are willing to pay to avoid them (table 9). Some studies use the
contingent valuation method, in which consumers are asked how much they would pay for non-GE
foods. Other studies use experimental auctions, in which participants bid with actual money.

Consumers’ responses on a survey, however, may differ from what they are actually willing to spend
while shopping (Lusk, 2003). Meta-analyses of surveys indicate that when consumers are asked
how much they value a good hypothetically, the values differ from what they actually will pay in

a market setting, with the size of the difference dependent on such factors as whether consumers
are asked how much they are willing to accept or willing to pay, the magnitude of the hypothetical
price, the type of auction used or choices offered, and the type of good being evaluated (Murphy et
al., 2005; List and Gallet, 2001). Murphy et al. (2005) found that models where respondents were
asked to choose among alternatives, as opposed to developing their own, were associated with less
hypothetical bias. On average, consumers tend to overstate what they would pay for goods, although
in a significant minority of cases, they understated what they would pay. The willingness-to-pay
values therefore may only approximate what consumers will actually pay.

Mather et al. (2011), combining surveys with market methodology, found that when consumers
in five EU countries plus New Zealand were surveyed, they selected organic over conventional or
GE fruit.>® However, when actual fruit stalls were set up offering three different varieties of fruit,
consumers in Sweden, New Zealand, and Germany bought more of the GE varieties, also labeled
“spray-free,” but only when they were offered at a 15-percent discount.

Consumer Acceptance of GE Foods in High- and Low-Income
Countries

Research on consumer acceptance of GE foods in high-income countries such as the United States,
UK, and Canada finds that consumers are willing to pay a premium for non-GE foods

37Non-GE foods can be more expensive if they cost more to produce, or if marketing streams must be kept separate.

38Consumers who asked about the GE fruit were told that it contained genes that caused it to produce a natural insec-
ticide. GE fruit is not commercially available in these countries, and consumers who expressed surprise about this were
told the fruit may have come from an experimental orchard (Mather et al., 2011).
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Table 9

g to pay a premium for non-GE food

St
Conntry Good Study
. Potatoes Bernard and Bernard,
United States and corn 2010
United States Various Huffman, 2010
. Bukenya and
United States Tomatoes Wright, 2007
Vegetable
. oil, tortilla
United States chips, and Huffman et al., 2007
potatoes
United States Zﬁ getable Tegene et al., 2003
. Loureiro and Hine,
United States Potatoes 2002
United Kingdom All foods Burton et al.,2001
. Beef fed
United States, France, with GE Lusk et al., 2003
Germany, United Kingdom
feed
. . ) Breakfast Moon and Balasubra-
United States, United Kingdom cereal manian, 2001
United Kingdom Various Moon et al., 2007
UK, Belgium, France,
Germany, New Zealand, Fruit Mather et al., 2011
Sweden
German Canola Hartl and Herrmann,
ermany 2009
Potatoes .
: ’ Curtis and Moeltner,
Romania S.unﬂower 2007
oil
Sweden Bee, Carlsson et al., 2007
chicken v

Willingness to pay premium [1]

In experimental nth price auction, found positive
premium for non-GE food

In experimental nth price auction, found 15-percent
discount for GE food, but difference was only statisti-
cally significant for one of three foods

Surveyed Alabama consumers willing to pay a $0.39
or 19-21 percent premium for non-GE tomatoes

Found consumers willing to pay 14 percent less for
GE foods

In experimental auctions, consumers willing to pay 14
percent more for non-GE food

Customers willing to pay 5 percent more for non-GE
food

Customers indicated willingness to increase food
budgets by 26-129 percent to avoid GE foods

U.S. consumers willing to pay $2.83 and $3.31 per
Ib. to avoid biotech; European consumers $4.86 to
$11.01

Found 56 percent of UK consumers willing to pay a
premium to avoid GE food, compared to 37 percent
of U.S. consumers.

Found that consumers were willing to pay a 20-per-
cent premium for non-GE products and willing to
accept a discount of 23 percent for GE foods

Found that surveyed consumers offered organic,
conventional, or GM fruit stated that they wanted
organic, but the same consumers at roadside stalls
bought GM (labeled spray-free and offered at a 15-
percent discount) 15-43 percent of the time

In an online survey, found that the GE version must
be discounted by over 100 percent

Found that so few of surveyed Romanians were will-
ing to purchase GE foods that a premium couid not
be calculated

Found that consumers were willing to pay 30 SEK/kg
extra for chicken and 32.5 SEK/kg for beef fed feed
not produced using GE ingredients
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Table 9

Studies in which consumers were willina to pay a bremium for non-GE food—continued

Study

Willingness to pay premium [1]

Country Good
Norway, United States, Vegetable
Japan, Taiwan oil
Norway Bread
Australia Beer
Canada Canola
Canada
China Yegetable
oil
. Soybean oil
China and rice
France Biscuits
United States Various

Chern et al., 2002

Grimsrud, et al., 2004

Burton and Pearse,
2002

Volinskiy et al, 2009

West et al., 2002

Hu et al., 2006

Lin et al., 2006

Noussair, et al., 2004

Rousu et al., 2004

For non-GE vegetable oil, Norwegian students were
willing to pay $1.51 (55-69 percent premium) per
liter. U.S. students were willing to pay $1.13 (50-62
percent premium), Japanese students were willing to
pay $0.88 (33-40 percent premium), and Taiwanese
students were willing to pay $0.45 (17-21 percent
premium)

Consumers required discounts of 37 to 63 percent to
buy GE bread; one-fourth were willing to buy with no
discount

Younger Australian consumers would pay $A 0.72
less and older consumers $A 0.40 less for beer made
with GE barley

In a shopping experiment, found that consumers
would pay Canadian $0.45 (20-30 percent) premium
for non-GE canola

83 percent of consumers ascribed a lower value to
several GE food products

Consumers would consume GE product with a
14-percent discount after hearing basic or positive
information, and a 66-percent discount after hearing
negative information

Consumers on average would pay a 52-percent
premium for non-biotech foods

35 percent of consumers were unwilling to purchase
GE foods, and 42 percent were willing to purchase
them if they were less expensive

Consumers reduced their demand by an average of
7-13 percent for each food product having 1-percent
and 5-percent tolerance levels for GE material rela-
tive to food not produced using GE ingredients

[1] Lusk et al., 2005 contains a more exhaustive review of the literature prior to 2005.

(Bernard and Bernard, 2010; Huffman, 2010; Hartl and Herrmann, 2009; Volinskiy et al.,

2009; Bukenya and Wright, 2007, Moon et al. 2007; Huffman et al., 2007, Carlsson et al., 2007,
Tegene et al., 2003; Loureiro and Hine, 2002; Burton et al., 2001; Lusk et al., 2003; Moon and
Balasubramanian, 2001). Other research studies have identified concerns about GE foods (Bernard

et al.,, 2007; Komirenko et al., 2010).

Lusk et al. (2005) found that much of the variation in premia for non-GE foods across studies can
be explained by a number of factors, including whether the study was done in Europe, whether the
research surveyed shoppers, whether the survey took place in person, whether the consumers were
asked to give hypothetical values for willingness-to-pay, whether they were asked for values for
GE or non-GE foods, what type of product was considered, and whether consumers were told the
product would provide them with a direct benefit.
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More recent research on consumer willingness-to-pay for GE foods has focused on consumers in
countries and has yielded different results than in wealthier nations (table 10). Several

developi.

aut

s found that consumers are willing to pay a slight premium for GE foods in India (Krishna

and Qaim, 2008; Anand et al., 2007), Kenya (Kimenju and De Groote, 2008), and China (Li et

al., 2002). The few studies that have considered second generation attributes like nutrition have
also found willingness-to-pay a premium for GE foods in India and Brazil (Anand et al., 2007,
Gonzalez et al., 2009a). However, these findings are not universal across all developing countries.
Hu et al. (2006) found that, on average, consumers in Nanjing would consume GE vegetable oil at a
discount of 14 percent if presented with basic information or positive information and would require
a discount of 66 percent if presented with negative information. Lin et al. (2006) also found that
Chinese consumers would pay an average premium of 52 percent for non-GE foods. In addition,

in Romania, a lower income country that is also in the EU, Curtis and Moeltner (2007) could not
calculate a premium for non-GE goods over GE goods since too few in their survey of Romanians
were willing to purchase GE goods. A cluster analysis of Brazilian stakeholders in the debate over

Table 10

Studies in which consumers were willing to pay a premium for genetically engineered (GE) food
or GE food with enhanced characteristics

Coyntrv Gnng Stiurdv Willingness to pay premium [1]
United States Good Huffman, 2010  Found that consumers would pay a 19- to 26-percent [2] premium for a product
with intragenic addition of vitamins over a plain labeled product
United States Gplden Lusk, 2003 Customers willing to pay $0.93 for GE “golden rice” with added vitamin A,
Rice $0.65-0.75 for regular rice
Harti and In an online survey, also found that consumers were willing to pay 1.37 Euros/
German Canola Herrmann half-liter extra for GE oil with Omega3's and 0.80 euros per half-liter for GE oil
y ! with cholesterol-reducing compounds, which reduced but didn’t eliminate the
2009 ;
GE discount
ltal Bocatelli and Consumers willing to pay a positive amount for GE attributes; 66 percent did
y Moro, 2001 not require a premium to consume GE foods
80 percent of consumers did not require a premium to purchase GE rice and
China Rice Li et al., 2002 on average were willing to pay a 38-percent premium for GE rice and a 16-per-
cent premium for GE soy oil
Vitamin - N
Brazil A fortified Gonzalez et al., Found surveyed consumers willing to pay 64-70 percent more for GE Vitamin-
razi Med 2009 A fortified cassava
cassava
India Bt veg- Krishna and Found surveyed consumers willing to pay 1.5 percent premium for GE Bt
etables Qaim, 2008 (pest resistant ) vegetables
Found that if given no info, consumers will pay a 7-percent premium for GE
Indi Wheat Anand et al,, foods; positive info leads to a 10-percent premium, negative info leads to a
naia ea 2007 negative 139-percent premium (discount) for GE foods, and positive info on
heart-healthy characteristics leads to a 23-percent premium for GE foods
Maize Kimenju and
Kenya meazl De Groote, Consumers surveyed in 2003 would pay a 13.8-percent premium for GE food
2008

[1] Lusk et al., 2005 contains a more exhaustive review of the literature prior to 2005.
[2] Across all information treatments.
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GE foods found that while many respondents perceived little or no risk from GE foods, some were
skeptical of the benefits (Gonzalez et al., 2009b).

Some studies found that consumers, on average, would pay a premium for the non-GE version of the
product while some would be willing to purchase GE foods without a premium (Lin et al., 2006).
Bukenya and Wright (2007) found that younger consumers were willing to pay a premium for GE
versions of the product.

More research is beginning to focus on second-generation attributes. Many of the currently marketed
varieties of GE foods come from crops that have been engineered to decrease yield losses to pests
and/or reduce costs of production (first generation). Second-generation attributes refer to genetically
engineered characteristics of the foods themselves, such as extra vitamins that might make the food
more attractive to consumers. Lusk et al. (2005) examined the literature up until 2005 and found
that benefits to the consumer were significant in explaining the size of the premium consumers
would pay for a non-GE food. Huffman (2010) found that U.S. consumers were willing to pay a
premium for vitamin-enhanced GE food, as did Lusk (2003). Gonzalez et al. (2009) and Anand et
al. (2007) found the same thing for consumers in Brazil and India. With an online survey of German
consumers, Hartl and Herrmann (2009) found that GE enhancement of the Omega-3 content of
foods or the addition of cholesterol-fighting compounds reduced the discount that GE foods had

to offer relative to non-GE products. Boccaletti and Moro (2000) found that a sample of Italian
consumers were willing to pay more for GE foods with improved nutritional qualities and lower
pesticide use.

A new area of research has been the contrast between intragenic and transgenic goods. Intragenic
goods are created by transferring genes from a plant of the same species, but of a different variety,
as opposed to transferring a gene from another species or type of plant. Huffman (2010), using
experimental auctions, found that consumers discounted GE foods, but were willing to pay a
premium for intragenic foods that had enhanced vitamin content versus a plain-labeled product.
The difference between the premia for intragenic- and transgenic-enhanced vitamins, however, was
not statistically significant unless pro-biotech information was given to consumers. A survey of
stakeholders in the potato industry (Toevs et al., 2011) found that certain categories of stakeholders
(women, Canadians) were optimistic about intragenic potato varieties. More research remains to be
done to determine whether consumers as a whole will find intragenic foods more acceptable than
transgenic foods.

Effect of Information on the Desire of Consumers To Purchase
GE Foods

Several studies have also considered the impact of information on the desire of consumers to
purchase GE foods, and the results have varied. Huffman (2010), Huffman et al. (2007), Hu et al.
(2006), and Tegene et al. (2003) found that positive information regarding biotechnology increased
the willingness-to-pay for GE foods, while negative information reduced it. Onyango et al. (2004)
found that those given both positive and negative information were less willing to buy GE foods than
those given only positive information. Martinez-Poveda et al. (2009) found that previous knowl- ’
edge of GE technology reduces the effects of negative information on the perception of GE foods,
but could increase concern for health. Boccaletti and Moro (2000) found that previous knowledge
increased the willingness-to-pay for positive GE attributes, while Lusk (2003) found that lack of
previous knowledge increased willingness-to-pay.
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Other studies have found that consumers value certain types of information. Hu et al. (2009) argued
that those choosing to access information about GE foods may be different types of consumers

than those who don’t access information about GE foods. They found that consumers who volun-
tarily access general information on GE foods are more likely to buy them, while those who access
environmental information related to GE foods are less likely to buy them. Rousu and Lusk (2009)
found that providing consumers with information on the environment was more likely to change
consumer purchasing behavior with respect to GE foods, while information on the beneficial impact
of GE foods in developing countries created more value for the consumer.

Evidence From Retail Settings

Market settings offer examples of retailers’ efforts to consider consumer preferences for GE foods.
Some retailers do not have policies that explicitly address GE foods. Other retailers, mostly in the
EU, have explicit policies stating that GE ingredients will not be used in their brand name food prod-
ucts.> Some companies have even introduced lines of meat and eggs from animals not fed on GE
feed (Agriculture and Agri-food Canada, 2007; ASDA, 2011; Carrefour, 2011b; ECCC, 2008; Tesco,
2011; SHAFE, 2011).

Lusk et al. (2005) found that consumers in Europe were willing to pay more for non-GE foods

than consumers in other regions. Thus, we might expect to see more responsiveness on the part of
European retailers, and indeed some of them have developed auditing procedures for their suppliers
{Tesco, 2011). Store visits by researchers in 10 EU countries found few (between 1 and 27) products
with GE ingredients in grocery stores in 7 of the countries (King’s College, 2008). The results of
Mather et al. (2011) suggest that there may be circumstances under which consumers in a few EU
countries would purchase GE foods.

A market exists for non-GE products in the United States, as some U.S. retailers do offer non-GE
products, and U.S. consumers wishing to avoid GE ingredients may also purchase organic products.
However, the share of this market in the United States is still small compared to the widespread
marketing of non-GE goods in the EU. For example, the four largest retail chains in the UK*? all
indicate on their websites that their own-brand products do not include biotech ingredients (Tesco
website, 2011; ASDA website, 2011; Sainsbury’s website, 2013; Wm Morrison website, 2013). They
also have tried developing brands of meat from animals fed non-GE feed, but some of the chains
have been unable to source enough feed to maintain production (Tesco Food News, 2013; Wm
Morrison website, 2013). In contrast, of the four largest U.S. grocery retail chains,*! two make no
mention of GE foods on their websites or corporate responsibility reports, one indicates that non-GE
ingredients are not yet defined, and one will make one of its inhouse product lines non-GE in the
coming year (Walmart, 2013a; Walmart, 2013b; Kroger, 2013a, Kroger, 2013b; Publix website,
2013; Safeway/Vons website, 2013). Thus, U.S. supermarkets do not perceive the same advantage
from marketing non-GE goods that the UK retailers do.

39The supermarket chain Whole Foods has announced a labeling policy that will be implemented by 2018 to indicate if
their products contain GE ingredients (http://media wholefoodsmarket.com/news/whole-foods-market-commits-to-full-
gmo-transparency). ERS researchers discuss the economic issues related to food labeling, including GE foods (Golan et

al., 2001).
4DTesco, ASDA, Sainsbury's, and William Morrison.
4lwalMart, Kroger, Safeway, and Publix.
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. urther evidence cor  fr  new product introductions in the United States. Of the 7,637 new
or food supplement products introduced between February 12, 2010, and February 11, 2011, as docu-

:nted by the Datamonitor database, 2.6 percent advertise*? that they do not include GE ingredients,
8 percent advertise that they are organic, and another 2.8 percent indicate that they at least have
some organic or non-GE ingredients (Datamonitor, 2010-2011). Organic acreage of corn and soy,
two potential sources of verified non-GE ingredients for U.S. food producers, remain a small share
of the total acreage, with organic soy constituting 0.17 percent of total U.S. production and organic
corn constituting 0.26 percent of total U.S. production in 2011 (USDA-ERS, 2013).

Whether patterns of consumer approval have changed over time is not clear. International Food
Information Council (FIC) polls seem to indicate that the percentage with favorable opinions of
GE foods in the United States fell between 2003 and 2008, but it has recently risen somewhat. In
terms of the more rigorous studies cited in this report, even in the United States and in the United
Kingdom, for which we cite several studies from different time periods, the temporal patterns are
not clear enough to draw definite conclusions.

42via labels or promotional material. The current website was sometimes consulted if the claim was ambiguous.
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Conclusion

A large majority of U.S. farmers have adopted GE seeds for corn, soybeans, and cotton since their
commercial introduction over 15 years ago. Despite the higher prices of GE seeds compared to
conventional seed, farmers realize economic benefits from growing GE crops through higher crop
yields, and/or lower pesticide costs, and management time savings.

Farmers will continue to use GE seeds as long as these seeds benefit them. However, it is not clear
that first-generation GE seeds will benefit farmers indefinitely. With the help of refuges, the emer-
gence of insect resistance to Bt crops has been low and of little economic significance over the first
15 years, but there are some indications that insect resistance is developing to some Bt traits in some
areas and resistance to the herbicide glyphosate has already evolved in certain weed populations.
Best management practices can help delay the evolution of resistance and sustain the efficacy of HT
Crops.

An important issue beyond the scope of this report is the coexistence of crop production systems.
According to the USDA Advisory Committee on Biotechnology and 21st Century Agriculture—
AC21 (2012), coexistence is defined as the “concurrent cultivation of crops produced through
diverse agricultural systems including traditionally produced, organic, identity preserved, and
genetically engineered crops.” USDA supports all these crop production systems and wants each

to be “as successful as possible providing products to markets in the United States and abroad.**3
ERS is collecting data and conducting a study on several aspects of the economics of coexistence of
organic, non-GE, and GE crops.

“http://www.aphis.usda.gov/newsroom/2013/09/ac21.shtml)
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ELECTRONIC CODE OF FEDERAL REGULATIONS

e-CFR Data is current as of May 9, 2014

Title 21: Food and Drugs
PART 573—FOOD ADDITIVES PERMITTED IN FEED AND DRINKING WATER OF ANIMALS
Subpart B—Food Additive Listing

§573.360 Disodium EDTA.

The food additive disodium EDTA (disodium ethylenediaminetetraace- tate) may be safely used
in animal feeds, in accordance with the following prescribed conditions:

(a) The food additive contains a minimum of 99 percent disodium ethylenediaminetetraacetate
dihydrate (C,,H,,04N,Na, - 2H,0).

(b) It is used to solubilize trace minerals in aqueous solutions, which are then added to animal
feeds.

(c) It is used or intended for use in an amount not to exceed 240 parts per million of the additive
in finished feed.

(d) To assure safe use of the additive the label and labeling shall bear:
(1) The name of the additive; and

(2) Adequate mixing directions to ensure that the chelated trace-mineral mix is uniformly
blended throughout the feed.

For questions or comments regarding e-CFR editorial content, features, or design, email ecfr@nara.gov.
For questions concerning e-CFR programming and delivery issues, email webteam@gpo.gov.
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eCFR — Code of Federal Regulations

Subpart B—GENERAL PURPOSE FOOD ADDITIVES

§582.1005
§582.1009
§582.1033
§582.1057
§582.1061
§582.1069
§582.1073
§582.1077
§582.1087
§582.1091
§582.1095
§582.1099
§582.1125
§582.1127
§582.1129
§582.1131
§582.1135
§582.1137
§582.1139
§582.1141
§582.1143
§582.1155
§582.1165
§582.1191
§582.1193
§582.1195
§582.1199
§582.1205

Acetic acid.

Adipic acid.

Citric acid.
Hydrochloric acid.
Lactic acid.

Malic acid.

Phosphoric acid.
Potassium acid tartrate.
Sodium acid pyrophosphate.
Succinic acid.

Sulfuric acid.

Tartaric acid.

Aluminum sulfate.

Aluminum ammonium sulfate.

Aluminum potassium sulfate.
Aluminum sodium sulfate.
Ammonium bicarbonate.
Ammonium carbonate.
Ammonium hydroxide.
Ammonium phosphate.
Ammonium sulfate.
Bentonite.

Butane.

Calcium carbonate.
Calcium chloride.
Calcium citrate.

Calcium gluconate.

Calcium hydroxide.
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§582...J36 Sodium bicarbonate.
§582.1742 Sodium carbonate.
§582.1745 Sodium carboxymethylcellulose.
§582.1748 Sodium caseinate.

§582.1751 Sodium citrate.

§582.1763 Sodium hydroxide.
§582.1775 Sodium pectinate.

§582.1778 Sodium phosphate.
§582.1781 Sodium aluminum phosphate.
§582.1792 Sodium sesquicarbonate.
§582.1804 Sodium potassium tartrate.
§582.1810 Sodium tripolyphosphate.
§582.1901 Triacetin.

§582.1973 Beeswax.

§5682.1975 Bleached beeswax.
§582.1978 Carnauba wax.
Subpart ¢  ANTICAKING AGENTS

§582.2122 Aluminum calcium silicate.
§582.2227 Calcium silicate.

§582.2437 Magnesium silicate.
§582.2727 Sodium aluminosilicate.
§582.2729 Hydrated sodium calcium aluminosilicate.
§582.2906 Tricalcium silicate.

Subpart D—CHEMICAL PRESERVATIVES

§582.3013
§582.3021
§582.3041

Ascorbic acid.
Benzoic acid.

Erythorbic acid.
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§582.5.. J
5301
§582.5304
§582.5306
§582.5308
§582.5311
§582.5315
§582.5361
§582.5370
§582.5375
§582.5381
§582.5406
§582.5411
§582.5431
§582.5434
§582.5443
§582.5446
§582.5449
§582.5452
§582.5455
§582.5458
§582.5461
§582.5464
§582.5470
§582.5475
§582.5477
§582.5530
§582.5535
§582.5580

Cystine.
Fric pht Hhate.
Ferric pyrophosphate.

Ferric sodium pyrophosphate.
Ferrous gluconate.

Ferrous lactate.

Ferrous sulfate.

Histidine.

Inositol.

Iron reduced.

Isoleucine.

Leucine.

Lysine.

Magnesium oxide.
Magnesium phosphate.
Magnesium sulfate.
Manganese chloride.
Manganese citrate.
Manganese gluconate.
Manganese glycerophosphate.
Manganese hypophosphite.
Manganese sulfate.
Manganous oxide.
Mannitol.

Methionine.

Methionine hydroxy analog and its calcium salts.

Niacin.
Niacinamide.

D-Pantothenyl alcohol.
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Section 105 of the Animal Drug User Fee Amendments of 2008 (ADUFA) (110 P.L. 316; 122 Stat. 3509)
amended section 512 of the Federal Food, Drug, and Cosmetic Act (the act) (21 U.S.C. 360b) to require
that sponsors of applications for new animal drugs containing an antimicrobial active ingredient submit an
annual report to the Food and Drug Administration on the amount of each such ingredient in the drug that
is sold or distributed for use in food-producing animals, including information on any distributor-labeled
product. This legislation was enacted to assist FDA in its continuing analysis of the interactions
(including drug resistance), efficacy, and safety of antibiotics approved for use in both humans and food-
producing animals (H. Rpt. 110-804).

Each report submitted to the FDA must specify: (1) the amount of each antimicrobial active ingredient by
container size, strength, and dosage form; (2) quantities distributed domestically and quantities exported;
and (3) a listing of the target animals, indications, and production classes that are specified on the
approved label of the product. Sponsors of antimicrobial drug products that are approved and labeled for
more than one food-producing animal species are not required to report sales and distribution information
for each individual animal species. Only total product sales information is required. Each year’s report
provides monthly sales and distribution data for the preceding calendar year. These reports are separate
from periodic drug experience reports that are required under 21 CFR 514.80(b)(4).

Section 105 of ADUFA also directs the FDA to make annual summaries of the reported information
publicly available. In accordance with statutory requirements designed to protect confidential business
information, annual sales and distribution data are summarized by drug class and only those antimicrobial
classes with three or more distinct sponsors of approved and actively marketed animal drug products are
independently reported. Antimicrobial classes with fewer than three distinct sponsors are reported
collectively as “Not Independently Reported” (NIR) if the product was marketed domestically or “Not
Independently Reported Export” (NIRE) if the product was exported. The number of distinct sponsors in
a particular antimicrobial class is determined by two criteria: (1) the sponsor must be named in 21 CFR
510.600 as the holder of an approved application for an animal drug product in that particular class on the
last day of the annual reporting period, and (2) the sponsor must have actively sold or distributed such
animal drug product at some point during that annual reporting period.

FDA’s annual summary report for 2011 is presented in Table 1. The annual totals provided in Table 1
reflect all approved uses of all dosage forms (e.g., injectable, oral, medicated feed) of the identified
classes of actively marketed drugs in food-producing animals. Table 2 lists the 17 antimicrobial drug
classes represented in the report. As reference, this table also lists the specific drugs in each class for
which there were actively marketed animal drug products. This summary report includes antimicrobial
drugs that are specifically approved for antibacterial uses or are known to have antibacterial properties.
Some antimicrobial drug products are approved and labeled for use in multiple species, including both
food- and nonfood-producing animals, such as dogs and horses. For these products, sales and distribution
data was not required to be reported to FDA by species.

Anti-fungal and anti-viral drugs are not included in this report because, with the exception of formalin
and hydrogen peroxide water immersion products, there are currently no approved drug products actively
marketed for these purposes in food-producing animals.
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