
WHAT ARE GENETICALLY ENGINEERED CROPS? 

Genetic engineering, also called genetic modification, is
the direct human manipulation of an organism’s DNA
using modern biotechnology, developed to overcome the
natural limitations—such as the species barrier—of tradi-
tional breeding. With this new technology, biotechnology
firms have engineered numerous novel creations, such as
corn with bacteria genes, “super” salmon with eel genes,
rice with human genes, and thousands of other plants,
animals and insects. At an alarming rate, these laboratory
experiments are now being patented and released into
the environment, and our food supply. 

The vast majority of GE crops (84% by acreage) are
engineered for herbicide resistance.1 Herbicide-resistant
(HR) crops are the chief focus of biotechnology develop-
ment efforts for two basic reasons. First, all of the major
biotech companies are pesticide firms that have acquired
seed companies.2 Biotechnology = pesticides + seeds.
Second, herbicides are far and away the most heavily used
form of pesticide, comprising two-thirds of agricultural
pesticide use in the U.S.3 HR crops thus create incredibly
profitable synergies for Monsanto, Dow and the other
pesticide-seed firms, which profit twice by selling both
expensive GE seeds and the large quantities of the herbi-
cide(s) used with them.

Dow Chemical Company is presently seeking USDA
approval of GE corn resistant to 2,4-D.4 Dow plans to
introduce this corn in a package with 2,4-D in 2013, fol-

lowed in the next few years by 2,4-D-resistant soybeans
and cotton. Dow’s crops are certain to dramatically
increase use of this toxic herbicide (Figure 1), which was
part of the Agent Orange defoliant used in the Vietnam
War (see inset). Dow’s corn is also resistant to “fops”
grass herbicides (e.g. quizalofop), and will be stacked
with glyphosate resistance, facilitating greater use of these
weed-killers as well. 

HUMAN HEALTH CONCERNS

Exposure to 2,4-D has been linked to major health
problems5 that include cancer (especially non-Hodgkin’s
lymphoma), lowered sperm counts, liver disease6 and
Parkinson’s disease.7 Numerous laboratory studies show
that 2,4-D adversely affects the hormonal, reproductive,
neurological and immune systems. Further, industry tests
reveal that 2,4-D is contaminated with dioxins,8 a group
of highly toxic chemical compounds that bioaccumulate
up the food chain, potentially leading to dangerous levels
of exposure. A barely visible speck of the dioxin 2,3,7,8-
TCDD (less than one-millionth of a gram) is enough to
kill an adult guinea pig,9 the most sensitive mammalian
species that has been tested. 2,4-D is the seventh largest
source of dioxins in the U.S.10

2,4-D-resistant crops may also pose a new food safety
risk in the form of 2,4-dichlorophenol (2,4-DCP), a
breakdown product of 2,4-D when applied to resistant
crops.11 2,4-DCP is on the EPA’s toxics release inventory,

gricultural biotechnology companies such as Monsanto and Dow have recently developed new genetically engineered
(GE) crops that are designed to survive dousing with toxic herbicides, including 2,4-dichlorophenoxyacetic acid
(2,4-D), a major component of the Vietnam War defoliant, Agent Orange. The U.S. Department of Agriculture
(USDA) is currently considering approval of these novel crops. If they are approved, American agriculture will see

a massive increase in toxic pesticide use. Many millions of more pounds of 2,4-D and related herbicides will be sprayed,
meaning more chemical toxins in our food and more pollution of our waterways and ecosystems. The impacts will be
substantial, as hundreds of scientific studies link 2,4-D and its chemical cousins to human health and environmental
harms. This massive chemical onslaught will also cause tremendous “collateral damage” to neighboring organic and
conventional crops and wild flora because 2,4-D is already the number one culprit in plant-killing herbicide drift
episodes. Finally, the herbicides sprayed on these crops will trigger rapid evolution of crop-choking herbicide-resistant
weeds, which will be countered with new resistant crops and still greater use of toxic chemicals, leading to still more
weed resistance, in a never-ending and ultimately futile chemical arms race with weeds.
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and is the raw material from which 2,4-D is made.12

According to Dow:13 1) Exposure of just 1% of a worker’s
body (an area the size of the palm of a hand) to molten 2,4-
DCP may cause death; 2) 2,4-DCP has adverse effects on
blood forming organs (bone marrow & spleen), kidney and
liver in animal tests; 3) Some studies suggest 2,4-DCP caus-
es cancer and is a genetic toxin, while others do not; 4) No
information was found on potential reproductive effects;
and 5) 2,4-DCP is moderately toxic to aquatic organisms.

French scientists concluded that “following 2,4-D treat-
ment, 2,4-D-tolerant plants may not be acceptable for
human consumption” due to the breakdown of 2,4-D to
2,4-DCP, and the potential for further transformation of
2,4-DCP residues into highly toxic dioxins and furans in
our bodies.14

ENVIRONMENTAL IMPACTS

Plants form the base of ecosystems. They provide the pri-
mary source of nutrients for most other organisms, and
structure habitats. Because many plants are exquisitely sen-
sitive to 2,4-D, drift and runoff are serious threats to the
whole community of organisms that depend on plants. In
fact, for sensitive species, 2,4-D is over 300 times more
toxic to emerging seedlings and nine times more toxic to
growing plants than glyphosate.15 According to the EPA,
even existing agricultural uses of 2,4-D are likely to adversely
affect the endangered California red-legged frog and Alameda

whipsnake via impacts on their habitats and prey.16 And the
National Marine Fisheries Service finds that drift and
runoff from agricultural 2,4-D applications can adversely
modify critical habitat in the floodplain breeding grounds
of Pacific salmon, because it degrades the riparian vegeta-
tion that keeps the water clean enough for salmon to
breed.17 Because these impacts were found at current 2,4-D
usage levels, they will be greatly exacerbated by the sharp
spike with cultivation of 2,4-D crops (Figure 1). Since
endangered species act as sentinels for the health of the
ecosystems they inhabit, much broader adverse impacts to
other organisms are likely. 

SPRAY AND VAPOR DRIFT

2,4-D is a volatile herbicide that is prone to drift beyond the
field of application to damage neighboring crops and wild
plants. 2,4-D vapor injures most broadleaf (i.e. non-grass)
plants at extremely low levels, as low as three-billionths of a
gram per liter of air.18 Particularly sensitive crops include
grapes,19 soybeans, sunflower, beans, tomatoes, cotton20 and
lettuce, but 2,4-D can injure almost any broadleaf plant.
Two surveys of state pesticide regulators establish that 2,4-
D drift is responsible for more episodes of crop injury than
any other pesticide.21 2,4-D ranked above the number two
culprit, glyphosate, even during a period (2002 to 2004)
when glyphosate use was four times that of 2,4-D.22 This is
explained by 2,4-D’s greater volatility and potency versus
glyphosate.

Introduction of 2,4-D crops will greatly increase drift
injury to crops and wild plants over already high levels for
three reasons: 1) Much higher rates of 2,4-D will be applied
as a result of high-level 2,4-D resistance conferred by genetic
engineering; 2) Much more acreage will be sprayed;23 and 3)
More spraying will take place mid-season, when neighboring
crops have leafed out and are thus more susceptible to
injury from 2,4-D drift. Field-edge plants that serve as habitat
for beneficial insects (e.g. pollinators) will also be impacted.

CHEMICAL ARMS RACE WITH WEEDS

Dow is falsely hyping 2,4-D crops as the solution to a seri-
ous and growing problem generated by Monsanto’s first
generation herbicide-resistant crops, known as Roundup
Ready (RR).24 Massive post-emergence use of Roundup (i.e.
glyphosate) with RR crops has triggered an epidemic of
glyphosate-resistant (GR) weeds over the past decade, on
the same Darwinian principle by which overused antibi-
otics foster drug-resistant bacteria.25 To control GR weeds,
farmers are spraying more toxic herbicides (6 to 8 different
types in extreme cases),26 resorting to more soil-eroding
tillage operations,27 and hiring weeding crews to hoe weeds
by hand in cotton-growing states.28 In Illinois, weed scien-
tist Patrick Tranel predicts that waterhemp resistant to as
many as four families of herbicide may soon make it
impractical to grow soybeans in some Midwestern fields.29
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FIGURE 1: Range of projected herbicide use on U.S. soybeans with adoption
of soybeans resistant to the herbicides 2,4-D (Dow) and dicamba
(Monsanto) (referred to as HR soybeans below), from Mortensen et al
(2012).48 Assumptions: 1) HR soybeans introduced in 2013, with adoption
on 91% of soybean acres by 2025, which mirrors the rate of adoption of
Roundup Ready crops; 2) Both varieties stacked with glyphosate resistance;
3) Glyphosate use rate remains at present level through 2025; 4) 2,4-D and
dicamba (= “other herbicides”) applied at annual rate of 0.28 kg/ha (mini-
mum) to 2.24 kg/ha (maximum). The minimum represents typical current
usage rates of these herbicides (on conventional corn and wheat), while the
maximum corresponds to rates recommended by Dow and Monsanto for
use on 2,4-D and dicamba-resistant crops, respectively.



Far from “solving” the GR weed epidemic, studies
already suggest that Dow’s crops will pour oil on the fire,
triggering a still more serious outbreak of weeds resistant to
glyphosate, 2,4-D and other herbicides.30 Dow, Monsanto
and other pesticide firms are aware of this, which is why
they are focusing the bulk of their R&D on new crops engi-
neered with resistances to ever more herbicides. Monsanto
is awaiting approval of soybeans resistant to dicamba (close
chemical cousin to 2,4-D) and glyphosate, with triple herbi-
cide-resistant corn and cotton in the pipeline.31 DuPont
envisions a single crop resistant to seven or more different
families of herbicide.32 Altogether, two-thirds of GE crops
awaiting approval by USDA are resistant to one to three
herbicide groups.33 RR crops have already triggered a large
increase in herbicide use,34 and 2,4-D crops will further this
trend. Increasingly toxic herbicide cocktails will be used on
multiple herbicide-resistant (HR) crops, spawning weeds
with multiple resistances. The chemical arms race with
weeds triggered by these HR crops entails an ever-escalat-
ing spiral of pesticide use and pollution, and attendant
adverse impacts on public health and the environment. But
in the process, these crops will generate substantial profits
for pesticide-biotech firms like Dow that sell both HR seed
and the associated herbicides. Thus, it is not surprising that
Dow scientist John Jachetta reportedly welcomes the chem-
ical arms race in glowing terms as “a new era” and “a very
significant opportunity” for chemical companies.35

Since the chemical arms race is impossible to win, disen-
gagement from HR crops is the only sensible strategy. Non-
chemical practices that facilitate weed control—such as
cover crops, judicious tillage, crop rotation, and tight row
spacing—must take center stage as part of an integrated
approach to weed control that greatly reduces reliance on
herbicides and hence evolution of resistant weeds.36

HERBICIDE-RESISTANT CROPS ARE NOT
RESPONSIBLE FOR CONSERVATION TILLAGE

OR RELATED BENEFITS

Dow falsely claims that Roundup Ready crops have enabled
conservation tillage, and so reduced soil erosion, number of
herbicide applications, tractor use, fuel consumption, and
global warming gas emissions; further, that 2,4-D crops will
“preserve” these supposed benefits.37 Dow is wrong on
every count. The big gains in U.S. acreage under conserva-
tion tillage occurred from the 1970s to mid-1990s, prior to
the 1996 introduction of RR crops. Much of these gains
were spurred by strong financial incentives to adopt soil-
conserving farming practices contained in the 1985 and
subsequent Farm Bills.38 The success of these policies is
reflected in dramatically declining soil erosion over this
period, followed by a leveling off of soil erosion rates during
the decade of Roundup Ready crop adoption, from 1997 to
2007 (Figure 2). These data—from USDA’s soil conserva-
tion experts—give the lie to misinformation on this point
spread by front groups of the pesticide industry, from the
American Soybean Association to PG Economics to ISAAA.
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AGENT ORANGE: 
CHEMICAL WARFARE IN VIETNAM

he first planned use of 2,4-D—to destroy Japanese rice
fields in WWII—was preempted by the end of the
war.42 Like many wartime biocides, 2,4-D was “repur-
posed” for domestic use—the war on weeds—only to

realize its original mission two decades later in Vietnam.
In what has been called the “largest chemical warfare
operation in history,”43 the U.S. military dumped 11 million
gallons of Agent Orange (a mixture of 2,4-D and the still
more toxic 2,4,5-T) over Vietnam from 1962-1971.44 The
purposes of this chemical warfare were to destroy rice
fields and rainforests to deny the Vietnamese food and
cover. The Veterans Administration regards Agent Orange
exposure as the cause of numerous diseases in Vietnam
veterans: diabetes, neuropathy, Parkinson’s disease, heart
disease, liver dysfunction, chloracne, numerous cancers
(e.g. leukemia, lung, prostate, and multiple myeloma), as
well as birth defects (e.g. spina bifida) in the children of
exposed soldiers.45 According to one estimate, at least 3
million Vietnamese suffer serious health problems from
Agent Orange exposure, including birth defects in children
and grandchildren of those exposed.46 Yet Vietnamese suf-
fering from the toxic legacy of Agent Orange have received
little compensation from the U.S. government.47

T

FIGURE 2: Erosion rates based on the National Resources Inventory (NRI),
a longitudinal sample survey based upon scientific statistical principles and
procedures, conducted by USDA’s Natural Resources Conservation Service
(NRCS), in cooperation with Iowa State University’s Center for Survey
Statistics and Methodology. Erosion rates are estimates of average annual
(or expected) rates based upon long-term climate data, inherent soil and
site characteristics, and cropping and management practices. From: “2007
National Resources Inventory: Soil Erosion on Cropland,” USDA NRCS,
April 2010. http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/
nrcs143_012269.pdf.



Since RR crops have not promoted an increase in conserva-
tion tillage, they are not responsible for the many benefits
attributed to this practice. On the contrary, the epidemic
GR weeds fostered by RR crop systems have increased soil-
eroding tillage.39 Since 2,4-D crops will promote still more
intractable weed resistance, their ultimate effect will be to
further increase soil erosion via greater use of tillage for
weed control.

The main reasons farmers adopt herbicide-resistant
crops are convenience, and the ability to farm more land
with less labor.40 This latter “benefit” has facilitated the
ongoing decline in our farming population, as small and
medium-size family farmers disfavored by federal farm pol-
icy go out of business and sell off their land to neighbors,
who with larger blocks of land to farm are more receptive
to labor-saving innovations like herbicide-resistant crops.41

CONCLUSION

American agriculture stands at a crossroads. One path
involves ever more intensive use of pesticides, facilitated by
genetic engineering, still bigger megafarms, and further
depopulation and impoverishment of rural America. This is
the path of industrial agriculture. Dow’s 2,4-D-resistant
crops are the epitome of this unsustainable approach,
which sacrifices human and ecosystem health as well as
rural communities for cheap food and short-term profits.
Fortunately, there is a different path to the future. Organic
farming rejects synthetic pesticides and genetic engineering,
and utilizes non-toxic, sustainable methods to control pests
(including weeds) and enrich the soil. Organic sales are
growing by leaps and bounds as more and more people vote
with their pocketbooks to support small farmers, rural com-
munities, wholesome foods, and a healthy environment.
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