May 11, 2015
Dear Chairman Perry and the members of the Senate Agriculture, Water and Rural Affairs
Committee:
My name is Judith McGeary, and I am the Executive Director of the Farm and Ranch Freedom
Alliance (FARFA). I am testifying today against SR 642 on behalf of FARFA and myself
personally.
FARFA fully supports the goal of protecting farmers and ranchers from unnecessary regulations.
But this resolution is fundamentally flawed in both its premises and its conclusion.
I have a Bachelors of Science in Biology from Stanford University, and a JD with high honors
from the University of Texas at Austin. There is no such term as “sound science” in either
scientific or legal analysis. It is a PR term used to describe the position one side claims to be
true.
Unfortunately, the state of scientific research in agriculture is problematic. Because of a lack of
public funding, the researchers must rely heavily on private funding from the very companies
whose products they are supposed to be evaluating. Even scientists at the USDA have come
under pressure to bury or disguise scientific research that is unfavorable to certain products, as
you can see in the first letter in your packet.
Consider the specific issue of genetically engineered crops, often referred to as GMOs, which the
resolution portrays as vital technology supported by “sound science.” In your packet is a letter
from a group of 300 independent scientists making several points, including:
•

Of the limited animal feeding trials conducted on GMOS, several show or suggest toxic
effects;

•

There are no epidemiological studies looking at human food safety from consuming
GMOs, and there is evidence of adverse human health effects from exposure to
glyphosate, the herbicide used on the majority of GMO crops; and

•

There is evidence of adverse effects on bees, which are vital to our food system.

Our next concern is that the “whereas” statements essentially come down to a claim that we need
these specific technologies to ensure an abundant food supply in the future. That’s simply not
true.
The Farming Systems Trial at Rodale Institute is America’s longest running, side-by-side
comparison of organic and chemical agriculture. Their 30-year report is in your packet. The
results of their study show that there was an initial decline in yields during the first few years of
transition from conventional to organic, mirroring what other studies have shown. But unlike the

other studies, the Rodale trial continued. And the organic system soon rebounded to match or
surpass the conventional system. Particularly in “bad” years, such as drought conditions, the
organic system outperforms the conventional one.
This is not a return to 40 acres and a mule. We’re dealing with practical, well-grounded science
in organic systems – and technologies that are simply left out of this resolution. For example,
the use of compost and compost teas has been developed and modernized through rigorous work
on microbiology. On our previous farm, we tested the soil and found it was lacking in protozoa,
which are essential for efficient nutrient cycling. We changed our method of producing compost
tea, tested the results on-the-farm using a microscope, refined our method to achieve the specific
results we were looking for, and then applied this science-based amendment to our soil. The
result was a significant increase in productivity.
This resolution picks winners and losers, choosing to protect and promote certain technologies
and ignore others.
We are not asking you to make a statement opposing any agricultural technologies. We’re
asking that you simply stay out of this issue for now and let the science and the social and
economic realities develop and be addressed on a case-by-case basis. There are too many
complexities, too many uncertainties for it to be appropriate for the Texas Legislature to make a
blanket statement about what agriculture should be doing and how it should be regulated.
Respectfully submitted,
Judith McGeary
Executive Director
Farm and Ranch Freedom Alliance
P.O. Box 809
Cameron, TX 76520
Judith@FarmAndRanchFreedom.org

May 5, 2015
Phyllis K. Fong
Inspector General
U.S. Department of Agriculture
Room 117FW Jamie Whitten Building
1400 Independence Avenue SW
Washington, DC 20250

Dear Inspector General Fong,
On behalf of our millions of members and supporters, we would like to express our deep
concerns regarding a recent report1 that found U.S. Department of Agriculture scientists are
being harassed and their work is being censored or suppressed, especially work related to
neonicotinoid insecticides and glyphosate, a key ingredient in Monsanto’s Roundup Herbicide.
We urge you to conduct a thorough investigation into this matter, make the investigation
publicly available once it is complete and take necessary steps to ensure that the USDA
maintains scientific integrity and does not interfere with the valuable work of its scientists by
prohibiting political suppression and alteration, employing clear and enforceable procedures for
conducting scientific misconduct, assuring transparency in the administration of policies and
adopt strong protections for scientists who file misconduct complaints, participate in
misconduct investigations or whose work faces interference.
In March, the Public Employees for Environmental Responsibility (PEER) filed a citizen petition2
requesting that the U.S. Department of Agriculture adopt new policies that would further job
protection for government scientists who question the health and safety of agricultural
chemicals. The petition urges for the agency to adopt policies that would specifically prevent the
“political suppression or alteration of studies and lay out clear procedures for investigating
allegations and of scientific misconduct.”
PEER has found that more than ten USDA scientists have faced consequences or investigations
when their work called into question the health and safety of agricultural chemicals. These
scientists documented clear actions that violated their scientific integrity, including USDA
officials retracting studies, watering down findings, removing scientists’ names from authorship
and delaying approvals for publication of research papers. According to a recent article in
Reuters3, one senior scientist with USDA said he experienced harassment and censorship and
told Reuters, “Your words are changed, your papers are censored or edited and you are not
allowed to submit them at all.”
These reports by PEER and Reuters are extremely troubling. The U.S. Department of Agriculture
has a responsibility to protect the health and safety of the American public and ensure longterm viability and sustainability of the environment and our natural resources. The possibility
that the USDA is prioritizing the interests of the chemical industry over those of the American
public is unacceptable. It is imperative that the American people can trust that their government
and its employees are serving their constituents and not the profits of private companies. All of
the research that the USDA conducts must maintain scientific integrity and transparency to
ensure it is guiding sound policy decisions.

Bees, butterflies, birds and other critical pollinators are in great peril and populations are
dwindling worldwide. A growing body of scientific evidence has implicated neonicotinoids as a
leading driver of bee declines and glyphosate as a leading driver of the destruction of milkweed,
the sole food source for monarch butterflies. Recently, the World Health Organization’s
research arm, the International Agency for Cancer Research (IARC), updated its cancer
determination for glyphosate, categorizing it as “probably carcinogenic to humans” (Group 2A)
after reviewing scientific research from 17 of the world’s top oncology experts from 11
countries.4
Other countries, along with states, cities, businesses and universities across the U.S., have
passed measures to restrict the use of neonicotinoids to protect pollinators, our agricultural
system, the U.S. economy and environment. Yet, the Obama administration has not taken
measures to restrict the use of these pesticides, despite mounting evidence and growing public
concern around their widespread use. In June 2014, President Obama issued a Presidential
Memorandum, which directed federal agencies to create a Pollinator Health Task Force, cochaired by the USDA and EPA, and develop a federal strategy to protect pollinators.
If the USDA is censoring and suppressing its own scientists who are calling into question the
hazards of these dangerous pesticides, how can the USDA be expected to co-chair this task force
and develop a meaningful federal strategy that will truly protect bees, birds, monarchs and
other critical pollinators and not a strategy that only protects the profits of the pesticide
industry?
It is imperative that the USDA maintains scientific integrity and does not allow for harassment,
censorship or suppression of findings that counter the interests of industry. We urge you to
conduct a thorough investigation into this matter, make its investigation publicly available once
it’s complete and take the necessary steps to ensure that USDA maintains scientific integrity and
never allows industry to interfere with the work of the agency and the interests, health and
safety of the American public.
Sincerely,
American Bird Conservancy
Avaaz
Beyond Pesticides
Center for Biological Diversity
Center for Environmental Health
Center for Food Safety
Central Maryland Beekeepers Association
Colorado State Beekeepers Association
Environment New York
Environmental Youth Council of St. Augustine Florida

Farmworker Association of Florida
Farmworker Justice
Farmworker Self Help
Food and Water Watch
Friends of the Earth
Georgia Organics
Global Bees
Green America
Island Watch Conservation Science
Maryland Ornithological Society
Maryland Pesticide Education Network
Olympia Beekeepers Association
Organic Consumers Association
National Family Farm Coalition
Northwest Atlantic Marine Alliance
Sierra Club
The Ecology Center
Toxic Free North Carolina

cc:
Tom Vilsack, Secretary of the U.S. Department of Agriculture
Krysta Harden, Deputy Secretary of the U.S. Department of Agriculture
Gina McCarthy, EPA Administrator
Rick Keigwin, EPA Director of Pesticide Re-Evaluation Division
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No scientific consensus on GMO safety
As scientists, physicians, academics, and experts from disciplines relevant to the
scientific, legal, social and safety assessment aspects of genetically modified
organisms (GMOs),1 we strongly reject claims by GM seed developers and some
scientists, commentators, and journalists that there is a “scientific consensus” on
GMO safety2 3 4 and that the debate on this topic is “over”.5
We feel compelled to issue this statement because the claimed consensus on
GMO safety does not exist. The claim that it does exist is misleading and
misrepresents the currently available scientific evidence and the broad diversity
of opinion among scientists on this issue. Moreover, the claim encourages a
climate of complacency that could lead to a lack of regulatory and scientific rigour
and appropriate caution, potentially endangering the health of humans, animals,
and the environment.
Science and society do not proceed on the basis of a constructed consensus, as
current knowledge is always open to well-founded challenge and disagreement.
We endorse the need for further independent scientific inquiry and informed
public discussion on GM product safety and urge GM proponents to do the same.
Some of our objections to the claim of scientific consensus are listed below.
1. There is no consensus on GM food safety
1

In the US, the term “genetically engineered” is often used in place of “genetically modified”. We
have used “genetically modified” because this is the terminology consistently used by many
authorities internationally, including the Food and Agriculture Organization of the United Nations;
the World Health Organization; Codex Alimentarius; European and Indian legislation; peerreviewed studies by industry and independent scientists; and the international media. It is also
consistent with the Cartagena Protocol’s term “living modified organism”.
2
Frewin, G. (2013). The new “is GM food safe?” meme. Axis Mundi, 18 July.
http://www.axismundionline.com/blog/the-new-is-gm-food-safe-meme/; Wikipedia (2013).
Genetically modified food controversies.
http://en.wikipedia.org/wiki/Genetically_modified_food_controversies
3
Mark Lynas (2013). GMO pigs study – more junk science. Marklynas.org, 12 June.
http://www.marklynas.org/2013/06/gmo-pigs-study-more-junk-science/
4
Keith Kloor (2013). Greens on the run in debate over genetically modified food. Bloomberg, 7
January. http://www.bloomberg.com/news/2013-01-07/green-activist-reverses-stance-ongenetically-modified-food.html
5
White, M. (2013). The scientific debate about GM foods is over: They’re safe. Pacific Standard
magazine, 24 Sept. http://www.psmag.com/health/scientific-debate-gm-foods-theyre-safe-66711/
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Regarding the safety of GM crops and foods for human and animal health, a
comprehensive review of animal feeding studies of GM crops found “An
equilibrium in the number [of] research groups suggesting, on the basis of their
studies, that a number of varieties of GM products (mainly maize and soybeans)
are as safe and nutritious as the respective conventional non-GM plant, and
those raising still serious concerns”. The review also found that most studies
concluding that GM foods were as safe and nutritious as those obtained by
conventional breeding were “performed by biotechnology companies or
associates, which are also responsible [for] commercializing these GM plants”.6
A separate review of animal feeding studies that is often cited as showing that
GM foods are safe included studies that found significant differences in the GMfed animals. While the review authors dismissed these findings as not biologically
significant, 7 the interpretation of these differences is the subject of continuing
scientific debate8 9 10 11 and no consensus exists on the topic.
Rigorous studies investigating the safety of GM crops and foods would normally
involve animal feeding studies in which one group of animals is fed GM food and
another group is fed an equivalent non-GM diet. Independent studies of this type
are rare, but when such studies have been performed, some have revealed toxic
effects or signs of toxicity in the GM-fed animals. 12 13 14 15 16 17 The concerns
raised by these studies have not been followed up by targeted research that
could confirm or refute the initial findings.
The lack of scientific consensus on the safety of GM foods and crops is
underlined by the recent research calls of the European Union and the French
6

Domingo, J. L. and J. G. Bordonaba (2011). A literature review on the safety assessment of
genetically modified plants. Environ Int 37: 734–742.
7
Snell, C., et al. (2012). Assessment of the health impact of GM plant diets in long-term and
multigenerational animal feeding trials: A literature review. Food and Chemical Toxicology 50(3–
4): 1134-1148.
8
Séralini, G. E., et al. (2011). Genetically modified crops safety assessments: Present limits and
possible improvements. Environmental Sciences Europe 23(10).
9
Dona, A. and I. S. Arvanitoyannis (2009). Health risks of genetically modified foods. Crit Rev
Food Sci Nutr 49(2): 164–175.
10
Domingo, J. L. and J. G. Bordonaba (2011). Ibid.
11
Diels, J., et al. (2011). Association of financial or professional conflict of interest to research
outcomes on health risks or nutritional assessment studies of genetically modified products. Food
Policy 36: 197–203.
12
Domingo, J. L. and J. G. Bordonaba (2011). Ibid..
13
Diels, J., et al. (2011). Ibid.
14
Dona, A. and I. S. Arvanitoyannis (2009). Ibid.
15
Séralini, G. E., et al. (2012). Long term toxicity of a Roundup herbicide and a Roundup-tolerant
genetically modified maize. Food and Chemical Toxicology 50(11): 4221-4231.
16
Séralini, G. E., et al. (2013). Answers to critics: Why there is a long term toxicity due to NK603
Roundup-tolerant genetically modified maize and to a Roundup herbicide. Food and Chemical
Toxicology 53: 461-468.
17
Carman, J. A., et al. (2013). A long-term toxicology study on pigs fed a combined genetically
modified (GM) soy and GM maize diet. Journal of Organic Systems 8(1): 38–54.

2

government to investigate the long-term health impacts of GM food consumption
in the light of uncertainties raised by animal feeding studies.18 19 These official
calls imply recognition of the inadequacy of the relevant existing scientific
research protocols. They call into question the claim that existing research can
be deemed conclusive and the scientific debate on biosafety closed.
2. There are no epidemiological studies investigating potential effects of
GM food consumption on human health
It is often claimed that “trillions of GM meals” have been eaten in the US with no
ill effects. However, no epidemiological studies in human populations have been
carried out to establish whether there are any health effects associated with GM
food consumption. As GM foods are not labelled in North America, a major
producer and consumer of GM crops, it is scientifically impossible to trace, let
alone study, patterns of consumption and their impacts. Therefore, claims that
GM foods are safe for human health based on the experience of North American
populations have no scientific basis.
3. Claims that scientific and governmental bodies endorse GMO safety are
exaggerated or inaccurate
Claims that there is a consensus among scientific and governmental bodies that
GM foods are safe, or that they are no more risky than non-GM foods,20 21 are
false.
For instance, an expert panel of the Royal Society of Canada issued a report that
was highly critical of the regulatory system for GM foods and crops in that
country. The report declared that it is “scientifically unjustifiable” to presume that
GM foods are safe without rigorous scientific testing and that the “default
prediction” for every GM food should be that the introduction of a new gene will
cause “unanticipated changes” in the expression of other genes, the pattern of
proteins produced, and/or metabolic activities. Possible outcomes of these
changes identified in the report included the presence of new or unexpected
allergens.22

18
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A report by the British Medical Association concluded that with regard to the
long-term effects of GM foods on human health and the environment, “many
unanswered questions remain” and that “safety concerns cannot, as yet, be
dismissed completely on the basis of information currently available”. The report
called for more research, especially on potential impacts on human health and
the environment.23
Moreover, the positions taken by other organizations have frequently been highly
qualified, acknowledging data gaps and potential risks, as well as potential
benefits, of GM technology. For example, a statement by the American Medical
Association’s Council on Science and Public Health acknowledged “a small
potential for adverse events … due mainly to horizontal gene transfer,
allergenicity, and toxicity” and recommended that the current voluntary
notification procedure practised in the US prior to market release of GM crops be
made mandatory.24 It should be noted that even a “small potential for adverse
events” may turn out to be significant, given the widespread exposure of human
and animal populations to GM crops.
A statement by the board of directors of the American Association for the
Advancement of Science (AAAS) affirming the safety of GM crops and opposing
labelling 25 cannot be assumed to represent the view of AAAS members as a
whole and was challenged in an open letter by a group of 21 scientists, including
many long-standing members of the AAAS.26 This episode underlined the lack of
consensus among scientists about GMO safety.
4. EU research project does not provide reliable evidence of GM food safety
An EU research project27 has been cited internationally as providing evidence for
GM crop and food safety. However, the report based on this project, “A Decade
of EU-Funded GMO Research”, presents no data that could provide such
evidence, from long-term feeding studies in animals.
Indeed, the project was not designed to test the safety of any single GM food, but
to focus on “the development of safety assessment approaches”. 28 Only five
published animal feeding studies are referenced in the SAFOTEST section of the
23
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European Commission (2010): 128.
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report, which is dedicated to GM food safety.29 None of these studies tested a
commercialised GM food; none tested the GM food for long-term effects beyond
the subchronic period of 90 days; all found differences in the GM-fed animals,
which in some cases were statistically significant; and none concluded on the
safety of the GM food tested, let alone on the safety of GM foods in general.
Therefore the EU research project provides no evidence for sweeping claims
about the safety of any single GM food or of GM crops in general.
5. List of several hundred studies does not show GM food safety
A frequently cited claim published on an Internet website that several hundred
studies “document the general safety and nutritional wholesomeness of GM
foods and feeds”30 is misleading. Examination of the studies listed reveals that
many do not provide evidence of GM food safety and, in fact, some provide
evidence of a lack of safety. For example:
 Many of the studies are not toxicological animal feeding studies of the type
that can provide useful information about health effects of GM food
consumption. The list includes animal production studies that examine
parameters of interest to the food and agriculture industry, such as milk
yield and weight gain;31 32 studies on environmental effects of GM crops;
and analytical studies of the composition or genetic makeup of the crop.
 Among the animal feeding studies and reviews of such studies in the list, a
substantial number found toxic effects and signs of toxicity in GM-fed
animals compared with controls.33 34 35 36 37 38 Concerns raised by these
studies have not been satisfactorily addressed and the claim that the body
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European Commission (2010): 157.
Tribe, D. (undated). 600+ published safety assessments. GMOPundit blog.
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Calsamiglia, S., et al. (2007). Effects of corn silage derived from a genetically modified variety
containing two transgenes on feed intake, milk production, and composition, and the absence of
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of research shows a consensus over the safety of GM crops and foods is
false and irresponsible.
Many of the studies were conducted over short periods compared with the
animal’s total lifespan and cannot detect long-term health effects.39 40

We conclude that these studies, taken as a whole, are misrepresented on the
Internet website as they do not “document the general safety and nutritional
wholesomeness of GM foods and feeds”. Rather, some of the studies give
serious cause for concern and should be followed up by more detailed
investigations over an extended period of time.
6. There is no consensus on the environmental risks of GM crops
Environmental risks posed by GM crops include the effects of Bt insecticidal
crops on non-target organisms and effects of the herbicides used in tandem with
herbicide-tolerant GM crops.
As with GM food safety, no scientific consensus exists regarding the
environmental risks of GM crops. A review of environmental risk assessment
approaches for GM crops identified shortcomings in the procedures used and
found “no consensus” globally on the methodologies that should be applied, let
alone on standardized testing procedures.41
Some reviews of the published data on Bt crops have found that they can have
adverse effects on non-target and beneficial organisms42 43 44 45 – effects that are
widely neglected in regulatory assessments and by some scientific
commentators. Resistance to Bt toxins has emerged in target pests, 46 and
problems with secondary (non-target) pests have been noted, for example, in Bt
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PLoS ONE 6(7): e22629.
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cotton in China.47 48
Herbicide-tolerant GM crops have proved equally controversial. Some reviews
and individual studies have associated them with increased herbicide use,49 50
the rapid spread of herbicide-resistant weeds, 51 and adverse health effects in
human and animal populations exposed to Roundup, the herbicide used on the
majority of GM crops.52 53 54
As with GM food safety, disagreement among scientists on the environmental
risks of GM crops may be correlated with funding sources. A peer-reviewed
survey of the views of 62 life scientists on the environmental risks of GM crops
found that funding and disciplinary training had a significant effect on attitudes.
Scientists with industry funding and/or those trained in molecular biology were
very likely to have a positive attitude to GM crops and to hold that they do not
represent any unique risks, while publicly-funded scientists working
independently of GM crop developer companies and/or those trained in ecology
were more likely to hold a “moderately negative” attitude to GM crop safety and
to emphasize the uncertainty and ignorance involved. The review authors
concluded, “The strong effects of training and funding might justify certain
institutional changes concerning how we organize science and how we make
public decisions when new technologies are to be evaluated.”55
7. International agreements show widespread recognition of risks posed by
GM foods and crops
The Cartagena Protocol on Biosafety was negotiated over many years and
implemented in 2003. The Cartagena Protocol is an international agreement
ratified by 166 governments worldwide that seeks to protect biological diversity
from the risks posed by GM technology. It embodies the Precautionary Principle
47
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51
Powles, S. B. (2008). Evolved glyphosate-resistant weeds around the world: Lessons to be
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Fishbein and J. M. Heilman. New York, Elsevier. 6: 41–75.
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in that it allows signatory states to take precautionary measures to protect
themselves against threats of damage from GM crops and foods, even in case of
a lack of scientific certainty.56
Another international body, the UN's Codex Alimentarius, worked with scientific
experts for seven years to develop international guidelines for the assessment of
GM foods and crops, because of concerns about the risks they pose. These
guidelines were adopted by the Codex Alimentarius Commission, of which over
160 nations are members, including major GM crop producers such as the
United States.57
The Cartagena Protocol and Codex share a precautionary approach to GM crops
and foods, in that they agree that genetic engineering differs from conventional
breeding and that safety assessments should be required before GM organisms
are used in food or released into the environment.
These agreements would never have been negotiated, and the implementation
processes elaborating how such safety assessments should be conducted would
not currently be happening, without widespread international recognition of the
risks posed by GM crops and foods and the unresolved state of existing scientific
understanding.
Concerns about risks are well-founded, as has been demonstrated by studies on
some GM crops and foods that have shown adverse effects on animal health and
non-target organisms, indicated above. Many of these studies have, in fact, fed
into the negotiation and/or implementation processes of the Cartagena Protocol
and Codex. We support the application of the Precautionary Principle with regard
to the release and transboundary movement of GM crops and foods.
Conclusion
In the scope of this document, we can only highlight a few examples to illustrate
that the totality of scientific research outcomes in the field of GM crop safety is
nuanced, complex, often contradictory or inconclusive, confounded by
researchers’ choices, assumptions, and funding sources, and in general, has
raised more questions than it has currently answered.
Whether to continue and expand the introduction of GM crops and foods into the
human food and animal feed supply, and whether the identified risks are
acceptable or not, are decisions that involve socioeconomic considerations
beyond the scope of a narrow scientific debate and the currently unresolved
56

Secretariat of the Convention on Biological Diversity (2000). Cartagena Protocol on Biosafety
to the Convention on Biological Diversity. http://bch.cbd.int/protocol/text/
57
Codex Alimentarius (2009). Foods derived from modern biotechnology. 2d ed. World Health
Organization/Food and Agriculture Organization of the United Nations.
ftp://ftp.fao.org/codex/Publications/Booklets/Biotech/Biotech_2009e.pdf
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biosafety research agendas. These decisions must therefore involve the broader
society. They should, however, be supported by strong scientific evidence on the
long-term safety of GM crops and foods for human and animal health and the
environment, obtained in a manner that is honest, ethical, rigorous, independent,
transparent, and sufficiently diversified to compensate for bias.
Decisions on the future of our food and agriculture should not be based on
misleading and misrepresentative claims that a “scientific consensus” exists on
GMO safety.
The document was first signed by 92 persons.
The document is now open for further signatures and all agreeing with the
content are invited to sign the statement at: www.ensser.org
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introduction
The hallmark of a truly sustainable system is its ability to regenerate itself. When it comes
to farming, the key to sustainable agriculture is healthy soil, since this is the foundation
for present and future growth.
Organic farming is far superior to conventional systems when it comes to building,
maintaining and replenishing the health of the soil. For soil health alone, organic
agriculture is more sustainable than conventional. When one also considers yields,
economic viability, energy usage, and human health, it’s clear that organic farming
is sustainable, while current conventional practices are not.
As we face uncertain and extreme weather patterns, growing scarcity and expense of oil,
lack of water, and a growing population, we will require farming systems that can adapt,
withstand or even mitigate these problems while producing healthy, nourishing food.
After 30 years of side-by-side research in our Farming Systems Trial (FST)®, Rodale
Institute has demonstrated that organic farming is better equipped to feed us now and
well into the ever changing future.

A view of FST
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FST FACTS
n Organic yields match conventional yields.
n Organic outperforms conventional in years of drought.
n Organic farming systems build rather than deplete soil organic matter,
making it a more sustainable system.
n Organic farming uses 45% less energy and is more efficient.
n Conventional systems produce 40% more greenhouse gases.
n Organic farming systems are more profitable than conventional.

Comparison of FST organic and
conventional systems

4,568
3,264

3000

4,022

4000

4,079

5000

0

YIELDS
(lbs/a/yr)
ORGANIC

PROFIT
($/a/yr)
CONVENTIONAL

ENERGY
INPUT
(MJ/a/yr)

1,400

906

1000

$190

$558

2000

GREENHOUSE
GASES
(lbs CO2/a/yr)

lbs=pounds, a=acre, yr=year, MJ=megajoule

Sustainable

Organic

As it pertains to farming, this term does
not have a standard definition. For the
purposes of this paper, we will define
sustainable as a system that can maintain
or enhance soil fertility indefinitely.

Most simply, this refers to a system of farming
that does not use synthetic chemicals and,
instead, mimics natural systems. This may
encompass different farm sizes, practices and
philosophies that, at their core, reject the use of
toxic, synthetic chemicals.
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History

The Farming Systems Trial (FST)® at Rodale Institute is America’s longest running, sideby-side comparison of organic and chemical agriculture. Started in 1981 to study what
happens during the transition from chemical to organic agriculture, the FST surprised
a food community that still scoffed at organic practices. After an initial decline in yields
during the first few years of transition, the organic system soon rebounded to match or
surpass the conventional system. Over time, FST became a comparison between the long
term potential of the two systems.
We selected corn and soybean production as our research focus because large tracts of
land, particularly in our region and the Midwest, are devoted to the production of these
crops. Corn and soybean acreage comprised 49% of the total cropland in the U.S. in
2007. Other grains made up 21%, forages 22% and vegetables just 1.5%.
Throughout its long history, the FST has contained three core farming systems, each
of which features diverse management practices: a manure-based organic system, a
legume-based organic system, and a synthetic input-based conventional system. In the
past three years of the trial, genetically modified (GM) crops and no-till treatments were
incorporated to better represent farming in America today. Results and comparisons are
noted accordingly to reflect this shift.

Aerial photograph of FST field taken in 1981 prior to initial planting.
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The different systems
Organic Manure
This system represents an organic dairy or beef operation. It features a
long rotation including both annual feed grain crops and perennial forage
crops. The system’s fertility is provided by leguminous cover crops and
periodic applications of manure or composted manure. This diverse
rotation is also the primary line of defense against pests.

Organic Legume
This system represents an organic cash grain system. It features a
mid-length rotation consisting of annual grain crops and cover crops.
The system’s sole source of fertility is leguminous cover crops and the
rotation provides the primary line of defense against pests.

Conventional Synthetic
This system represents the majority of grain farms in the U.S. It relies
on synthetic nitrogen for fertility, and weeds are controlled by synthetic
herbicides selected by and applied at rates recommended by Penn State
University Cooperative Extension. In 2008, genetically modified (GM) corn
and soybeans were added to this system.

No-till systems
Each of the major systems was divided into two in 2008 to compare
traditional tillage with no-till practices. The organic systems utilize our
innovative no-till roller/crimper, and the no-till conventional system relies
on current, widespread practices of herbicide applications and no-tillspecific equipment.

Crop Rotations
The crop rotations in the organic systems are more diverse than in
the conventional systems, including up to seven crops in eight years
(compared to two conventional crops in two years). While this means that
conventional systems produce more corn or soybeans because they occur
more often in the rotation, organic systems produce a more diverse array
of food and nutrients and are better positioned to produce yields, even in
adverse conditions.
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SOIL HEALTH
For plants to be healthy, the soil they grow in must be healthy, too. Healthy
soil may be defined simply as soil that allows plants to grow to their maximum
productivity without disease, fertility or pest problems limiting production, and
without a need for unusual supplements or support.
According to the Environmental Working Group and soil scientists at Iowa
State University, America’s “Corn Belt” is losing precious topsoil up to 12
times faster than government estimates. Over the years, the FST organic
systems have exhibited a number of notable improvements the conventional
system did not, including soil that regenerates rather than eroding away.
Fertile soil, rich in organic matter and microbes, creates a more stable
environment for plants. In times of stress, organically-managed soil has
greater ability to provide for crops what the weather has not. The Farming
Systems Trial has provided the following insights about soil quality:
n Soil health in the organic
systems has increased over
time while the conventional
systems remain essentially
unchanged. One measure
of soil health is the amount
of carbon contained in the
soil. Carbon performs many
crucial functions such as
acting as a reservoir of plant
nutrients, binding soil particles
together, maintaining soil
temperature, providing a food
source for microbes, binding
heavy metals and pesticides,
influencing water holding
capacity and aeration, and
more. More carbon is better!
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Organic

conventional

Soils in the organic and conventional plots are
very different in appearance due to the increase
in soil organic matter in the organically managed
soils. The organically managed soil is darker and
aggregates are more visible compared to the
conventionally managed soil.

n Carbon increase was highest in the
organic manure system, followed
by the organic legume system. The
conventional system has shown a
loss in carbon in more recent years.
n Organic fields increased
groundwater recharge and reduced
runoff. Water volumes percolating
Organic
conventional
through soil were 15-20% higher in the
organic systems than the conventional
system. Rather than running off the surface and taking soil with it, rainwater recharges our
groundwater reserves in the organic systems, leaving soil in the fields where it belongs.
n Soils of the organic systems are better equipped to store and use water
efficiently. This means that plants have what they need “in storage” and can better access
those stores.
When nutrients are applied in synthetic forms, they leach or pass through the soil more
quickly than nutrients derived from manures, composts, or cover crops, ending up in
water sources both above and below ground. In this case, important nutrients are lost
from the soil when rain falls, or snow melts, resulting in negative impacts on succeeding
crops. One reason the application of synthetic forms of nutrients (ie: nitrogen,
phosphorus, potassium) is problematic is because the nutrients do not remain
available to the plants.
In short, organic soil hangs onto more of its “good stuff” for a longer period of time, while
chemical systems can lose the “good stuff” more quickly.
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YIELDS
For a system to be sustainable, it needs to be able to feed our global
population not just now, or ten years from now, but one hundred years from
now—and longer.
Following the three years when the FST fields were being transitioned to
organic production, the organic corn fields produced just as much as the
conventional fields. And while conventional growers are now battling newly
herbicide-resistant superweeds with more powerful chemicals, the FST
organic crops hold their own against weeds, producing the same as the
conventional fields without the assistance of herbicides.
Another long-term research project out of Iowa mirrors Rodale Institute’s
work. A 12-year study of organic versus conventional methods found that
after the transition period, organic corn and soybeans produced, on average,
nearly identically amounts of food as the conventionally-managed plants.

n Over the 30 years of the trial, organic corn and soybean yields were
equivalent to conventional yields in the tilled systems.
n Wheat yields were the same for organic and conventional systems. (Wheat was
only added to the conventional system in 2004).

Organic

09

conventional

Corn in the legumebased (left) and
conventional (right)
plots six weeks after
planting during the
1995 drought. The
conventional corn
is showing signs of
water stress.

FST corn yields in years
with moderate drought
150
130 bu/a=Yield goal for Rodale soils

120
Corn yields (bu/a @15.5%)

n Organic corn yields were 31%
higher than conventional
in years of drought. These
drought yields are remarkable
when compared to genetically
engineered “drought tolerant”
varieties which saw increases
of only 6.7% to 13.3% over
conventional (non-drought
resistant) varieties.

90

n Corn and soybean crops in
the organic systems tolerated
much higher levels of weed
60
competition than their
conventional counterparts,
30
while producing equivalent
yields. This is especially
significant given the rise of
0
ORGANIC
CONVENTIONAL
herbicide-resistant weeds in
bu/a=bushels/acre
conventional systems, and speaks
to the increased health and
productivity of the organic soil (supporting both weeds and crop yields).
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genetically modified crops
According to the Department of Agriculture, 94% of all soybeans and 72% of all corn
currently grown in the United States are genetically modified to be herbicide-tolerant
or express pesticides within the crop. So, in 2008, genetically modified (GM) corn
and soybeans were introduced to FST to better represent agriculture in America. GM
varieties were incorporated into all the conventional plots.
We incorporated the GM crops to reflect current American agriculture, rather than to
specifically study their performance. Our data only encompasses three years, but the
research being done in the community at large highlights some of the clear weaknesses
of GM crops:
n Farmers who cultivated GM varieties
earned less money over a 14-year period
than those who continued to grow nonGM crops according to a study from the
University of Minnesota.
n Traditional plant breeding and farming
methods have increased yields of
major grain crops three to four times
more than GM varieties despite huge
investments of public and private dollars in
biotech research.
n There are 197 species of herbicideresistant weeds, many of which can
be linked directly back to GM crops,
and the list keeps growing.

Pesticides commonly used in
agriculture have been found
in drinking water, sometimes
at levels above regulatory
thresholds.

n GM crops have led to an explosion in herbicide-use as resistant crops continue
to emerge. In particular, the EPA approved a 20-fold increase in how much glyphosate
(Roundup®) residue is allowed in our food in response to escalating concentrations.
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Feeding the world
Agribusinesses have long clung to the rallying cry of needing to increase yields in order to
feed the world. However, feeding the world is not simply a matter of yields.
The global food security community is shifting swiftly in support of an organic approach.
n “Organic agriculture has the potential to secure a global food supply, just as
conventional agriculture is today, but with reduced environmental impact.”
This is according to a report that came out of the Food and Agricultural Organizations
of the United Nations (FAO) International Conference on Organic Agriculture and Food
Security.
n Agroecological farming methods could double global food production in just
10 years, according to a report from the United Nations. Agroecological practices, like
organic practices, attempt to mimic natural processes and rely on the biology of the soil
and environment rather than synthetic sprays and other inputs.
n Switching to organic methods in communities where people struggle to feed
themselves and their families can lead to a harvest 180% larger than that
produced by conventional methods.
Numerous independent studies
have shown that small scale,
organic farming is the best option
for feeding the world now and
in the future. Not only does it
produce competitive yields in a
healthy and sustainable way as
FST has shown, it also supports
local communities and cultures.
Therefore, our goal for the future
is to continue to support the
transition of conventional farms
to organic farming systems.
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ECONOMics
Organic farmers have the potential to make more money with less land than
conventional farmers. And the organic market is still growing. Organic food
and beverage sales have grown from $1 billion in 1990 to $26.7 billion in
2010. And sales for organic fruits and vegetables in 2010 increased 11.8%
over 2009, despite the slow economy.
Organic farming is also enriching communities and creating jobs. Research
clearly shows the long-term economic viability of established organic systems
for both farmers and the nation.

in the community
Rural American communities are in dire conditions because of the conventional agricultural
trend of replacing labor with chemicals and machinery. Organic agriculture has the
potential to turn that trend around:
n Organic agriculture promotes job creation, providing for more than 30% more
jobs per hectare than non-organic farms, according to a report from the United
Nations. The addition of on-farm processing and direct marketing, two practices
fostered in organic systems, further increases the opportunities for job creation.
n More of the money invested in an organic farm operation goes to
paying people.

on the farm
When farmers talk yield, the understanding is that yield is directly correlated to profit—more
bushels of product equals more money in the bank. The race to grow more crops on more acres
is a result of this reality in the conventional agriculture industry. But this is certainly not the case
across the board.
n Organic farms are significantly more profitable. According to the Organic Trade
Association, organic farmers have an operating profit of $45,697 compared to $25,448
for conventional farmers.
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n Organic grain and soybean systems returned higher profits with organic
premiums a review of six Midwestern land-grant university studies found. Even
without the premiums, half of the organic systems were still more profitable. The other
half quickly made up the difference and surpassed the conventional systems when the
price premiums were added.

n The most profitable grain crop was
the organically grown wheat netting
$835/acre/year.
n No-till conventional corn was the
least profitable crop netting just
$27/acre/year.
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n Even without a price
premium, the organic systems
are competitive with the
conventional systems. Marginally
lower input costs make the organic
systems economically competitive
with the conventional system, even
at conventional pricing.

1000

$835

n The organic systems were
nearly three times more
profitable than the conventional
systems. The average net return
for the organic systems was $558/
acre/year versus just $190/acre/year
for the conventional systems.

income, expenses &
returns in fst organic and
conventional systems

$ per acre per year

From FST, we have
found that:

RETURNS

CONVENTIONAL

The economic analysis covers only the
time period 2008-2010 to reflect data
collected for the most recent cropping
system comparisons.
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ENERGY
As the world’s energy crisis continues, smart and efficient use of resources
will become increasingly essential. Currently, conventional agriculture uses
an enormous amount of oil to manufacture, transport and apply fertilizers and
pesticides. All these processes release large amounts of greenhouse gases
into the atmosphere. Figures from the Intergovernmental Panel on Climate
Change (IPCC) say that agricultural land use contributes 12% of global
greenhouse gas emissions.

Our data from FST shows that the
organic systems use less energy and
are more efficient than conventional
systems:
n The organic systems used
45% less energy than the
conventional systems.
n Diesel fuel was the single
greatest energy input in the
organic systems.

ENERGY INPUTS

Megajoule/hectare/year
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0

n Nitrogen fertilizer was the
single greatest energy input
in the conventional systems
representing 41% of the total
energy.
n Production efficiency was 28%
higher in the organic systems
than in the conventional
systems, with the conventional
no-till system being the least
efficient in terms of energy
usage.
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ORGANIC

CONVENTIONAL

■ Labor
■ Diesel fuel
■ Equipment
■ Transportation of inputs
■ Herbicide
■ Seed
■ Lime
■ Compost production
■ Mineral fertilizer production

The energy analysis covers only the time period
2008-2010 to reflect data collected for the most
recent cropping system comparisons.

EMISSIONS
When it comes to greenhouse gas emissions, the FST data shows conventional systems
contribute much more to the atmosphere:
n The conventional systems emit nearly 40% more greenhouse gases (GHG) per
pound of crop produced than the organic systems.
n The biggest GHG emissions from direct inputs in the conventional system
came from fertilizer production and on-farm fuel use.
n The biggest GHG emissions from direct inputs in the organic system came from
fuel use and seeds.

GREENHOUSE GAS EMISSIONS

KilogramCO2/hectare/year
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■ N2O emissions from soil
■ Diesel fuel
■ Equipment
■ Transportation of inputs
■ Herbicide
■ Seed
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■ Compost production
■ Mineral fertilizer production

Emissions from
soil processes

500
Emissions from
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(Note: In both organic and conventional systems, the highest overall GHG emissions were caused by soil processes
fueled by nitrogen in mineral fertilizer, compost and crop residues).
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human health
Conventional systems rely heavily on pesticides (herbicides, insecticides,
fungicides, etc.) many of which are toxic to humans and animals. They are
by name, definition, and purpose, designed to kill.
Numerous studies have begun to capture the true extent of how our
low-level exposure to pesticides could be quietly causing serious health
problems in our population. The toxins are nearly inescapable in the water
we drink, the food we eat and the air we breathe.
n Atrazine1 exposure at time of conception
has been linked to lower math and reading
skills in children.
n Researchers measured organophosphates2
in the urine of children and discovered
levels of chemical indicators up to 14
parts per billion. (All of which disappeared
when they were put on an
organic diet.)
n Glyphosate3-based herbicides, currently
legal in our food at low levels, have been
shown to cause DNA damage, infertility,
low sperm count, and prostrate or
testicular cancer in rats.
n Pesticides (including ones that have been
banned for years) have been found in
breast milk and umbilical cord blood.
n Inactive ingredients in herbicide and
pesticide brands have been found to be
just as toxic, if not more so, than the active
ingredients, and these ingredients aren’t tested
for human health impacts before being released.
Atrazine is an active ingredient in herbicides. 2Organophosphates are the basis of many insecticides and herbicides, and are widely used as solvents and
plasticizers. 3Glyphosate is the active ingredient in the herbicide Roundup®

1
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n Some research has found certain agricultural chemicals can alter our DNA,
meaning the effects can be passed on through the generations.
n More than 17,000 pesticide products for agricultural and non-agricultural use
are currently on the market. Exposure to these chemicals has been linked to brain/
central nervous system disruption, breast, colon, lung, ovarian, pancreatic, kidney,
testicular, and stomach and other cancers.
n The EPA has required testing of less than 1% of the chemicals currently in
commerce.

When we’ve sampled for herbicide and nutrient leaching into groundwater in the FST,
we’ve found:
n Water leaching from the conventional system more frequently exceeded the legal limit
of 10 parts per million for nitrate-nitrogen concentrations in drinking water compared
to the organic systems.
n Atrazine leaching in the conventional
system sometimes exceeded the maximum
contaminate level set by the EPA for drinking
water. And concentrations in all conventional
samples exceeded 0.1 parts per billion, a
concentration that has been shown to produce
deformities in frogs.

Intact soil core lysimeters are used to collect
water from soil below the rooting zone
of crops. A lysimeter resembles a large,
underground, steel flowerpot with a hole
in the bottom for collecting water – called
leachate – that has drained away from the
crop planted above it.
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what’s the big
picture?
Today we produce food within a system that is broken. Within roughly seventy years,
our current chemical-based agricultural system is already showing its weaknesses—
depleted soil, poisoned water, negative impacts on human and environmental health,
and dysfunctional rural communities. We should be directing our valuable time and
resources working towards a truly sustainable food production system based on sound
biological principles.
To repair our food system, we must focus on the basics—soil health and water
quality—and how we can improve upon these natural resources so that we return
as much as we take, thus ensuring our future. By building and improving soil health,
utilizing organic practices to fix nutrients in the soil, encouraging biodiversity, and
greatly minimizing synthetic inputs, organic producers are ensuring the sustainability
of the system indefinitely. Not just feeding the world’s growing population today, or
tomorrow, but far into the foreseeable future.
After thirty years of a rigorous side-by-side comparison, the Rodale Institute
confidently concludes organic methods are improving the quality of our food,
improving the health of our soils and water, and improving our nation’s rural
areas. Organic agriculture is creating more jobs, providing a livable income
for farmers, and restoring America’s confidence in our farming community
and food system.
Since Rodale Institute first turned the soil in the Farming Systems Trial, we have
inspired other long-term trials on organic agriculture in this country and beyond, from
land-grant universities to international non-profits to research farms. The groundwork
established in the FST is now being replicated and validated in the wider academic
and agricultural community.
What do the next 30 years hold? We will continue to study the nuances of organic
agriculture as they compare to those of the current chemical-reliant system. And we
will continue to evaluate yield, economic viability, energy usage along the way as all
these are indicators of a healthy, diverse and truly sustainable system. However, a
change may be on the horizon. One which may see us exploring different crops or
reaching beyond matters of yield and economics to consider nutrition and human
health in more depth.
We have shown that organic can feed the world. Now it is time to take on the
matter of feeding the world well.
19
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