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I. Executive Summary  
By Jason Parker 
 
Glyphosate susceptibility in many weed species has decreased in the last decade generating 
increased anxiety among row crop farmers who feel they are losing a valuable tool in fighting 
herbicide resistant weeds on their farms. In the coming years row crops with genetically 
modified (GM) tolerances to the herbicides glyphosate and either 2,4-D or dicamba will be 
available to farmers, along with new formulations of the herbicides (alleged to reduce spray 
drift), to combat glyphosate-resistant weeds. Row-crop farmers, desiring solutions to their 
weed-resistance problems, are likely to rapidly adopt these new technologies in the central U.S. 
where many specialty crops are also grown. Specialty crops are an integral part of diverse and 
healthy rural farm communities. Spray drift of either herbicide is can induce severe injury in 
highly sensitive fruits, vegetables and ornamentals that diminishes or even eliminates crop 
value. Many specialty crop growers fear that these technologies and their industry cannot co-
exist. This symposium addressed the imminent risks from these advances in row crop 
production to the sustainability of the specialty crop industry. 
 
Now is the time for an evaluation of the appropriateness of the new 2,4-D and dicamba 
formulations, and related GM crops as effective long-term weed management strategies. 
Nearly all stakeholder groups have concerns about the risks from the pending release of these 
technologies. They include: produce grower concerns of drift and volatility issues resulting from 
previous formulations; row-crop farmer and manufacturer concerns over prior lawsuits 
resulting from allegations of misuse, drift, and volatility; concerns over licensing fees and other 
increased expenses, consumer and environmental health and rural community well-being 
concerns; growing awareness and resistance to GMOs and other technologies; and product 
manufacturer concerns over public perception and risks associated with product use. In 
addition, the introduction and widespread adoption of Roundup and “Roundup Ready” crops 
initially decreased but then increased herbicide use and was a missed opportunities to evaluate 
a landscape-scale ecosystem experiment.  
 
Moreover, the international scale and broad scope of the 2,4-D and dicamba technology in 
conjunction with the number of individuals and groups with a stake in the outcomes makes this 
the right time for formation of a multi-state, transdisciplinary, and stakeholder led working 
group. To address this issue, a first of its kind USDA Specialty Crop Research Initiative Research 
and Education Planning Program grant was proposed to support The New 2,4-D and Dicamba-
Tolerant Crops: Managing Risks to Farms and Communities conference. Using a trained 
moderator specializing in large-group facilitation and conflict management, the conference 
consisted of a symposium and workshop held in Columbus, OH, from October 31 to November 
2. A diverse set of sixty stakeholders, from 4 countries, participated in the 3-day event; they 
represented many positions of the herbicide-tolerant crop issue that include specialty crop 
grower, row-crop farmers, social scientists, economists, horticultural and weed scientists, plant 
pathologists, extension specialists, herbicide manufacturers, farm advocacy groups, consumer 
advocacy groups. Each participant shared their positions on these technologies during the 
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conference that included potential risks, and ideas for mitigating these risks. The guiding 
questions of this symposium were: What are the potential risks (social, economic, ecological) to 
farms and communities associated with use of the reformulated 2,4-D and dicamba herbicides 
and related herbicide-tolerant crops? What alternative approaches exist or can be created to 
resolve the herbicide resistance issue that does not exclusively rely on these new technologies? 
Who is involved in risk assessment and solution development? Who assumes the greatest and 
least risk? 
 
These proceedings present the outcomes that are the result of the momentum built among 
stakeholder groups. 
 
Risks to Farms and Communities Identified at the Symposium 
 
Risk analysis was the unifying theme of the symposium. Systems-focused questions were asked 
and addressed during the symposium to identify risks. Multiple dimensions of risk were 
highlighted by presenters beyond the knowledge deficit focus of traditional risk analysis. These 
include:  

 Understanding the social, economic, and biological, or ecosystems-based risks; 

 Understanding the experiences and intrinsic knowledge of row crop farmers as integral 
to mitigating risks; 

 Engaging users of the technology and seeking community-based solutions to identifying 
and mitigating the risks of technology adoption; 

 Alternatives to addressing the current weed management and herbicide resistance 
problems; 

 Coexistence of agricultural systems. 
   

Using this approach, risks to farms and communities were identified and fit into one of three 
needs: risk assessment, risk management, and risk communication.  
 

1) Risk Assessment – Develop a standardized methodology to assess the risks of new 
technologies to other stakeholders and the environment. 

a. Validate BASF, Dow AgroSciences, and Monsanto claims regarding the “ultra-low 
volatility” and drift. 

b. Standardize applications to minimize accidents and abuse of new technologies.  
c. Develop and implement a valid, standardized methodology to assess risks. 
d. Understanding the “feeding the world” discourse and evaluate its validity. 
e. Analysis of weed management in context of the larger socioeconomic systems.  
f. Understand spatial and regional risks associated with these technologies such as 

gene follow and drift, effects on pollinators, effects on non-crop vegetation 
diversity. 

g. Evaluate how these technologies contribute to agricultural sustainability. 
h. Identify appropriate strategies and technologies to manage risks.  
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2) Risk Management 

a. Prolong herbicide susceptibility, and avoiding “breaking the system.”  
b. Develop systematic practices to guide herbicide and GM crop use. 
c. Impacts of weed management decisions are shared by others – we need to apply 

new knowledge to support co-existence of farming types. 
d. Apply existing and new knowledge to extend the “shelf life” of herbicides. 
e. Influence how row-crop farmers are currently managing herbicide resistance and 

how they plan to integrate these new technologies into an integrated system. 
f. Develop Integrated Weed Management (IWM) that includes options for using 

new formulations of 2,4-D and dicamba. 
g. Launching a diagnostic and monitoring system to track and validate the incidents 

of off-target herbicide damage.  
h. Incentive programs to encourage proper application. 
i. Reaching laggards and late adopters who offer potential for misuse.  

 
3) Risk Communication 

a. Communication should be tailored to farming communities being addressed and 
relevant to specific sensitive crops and local conditions. 

b. Accurate and transparent discourse on benefits, risk and uncertainty. 
c. Develop a comprehensive risk communication strategy. 
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II. Organizer Information 
 

Symposium Organizers Listed Alphabetically 
 
Doug Doohan, , PhD, (doohan.1@osu.edu) is Professor of Horticulture and Crop Science at the 
Ohio Agricultural Research and Development Center  in Wooster, Ohio, with expertise in on-
farm management practices and the development of environmentally acceptable technologies 
to manage weedy and invasive plants in Ohio agro-ecosystems. Dr. Doohan and his team have 
conducted extensive research in grower perceptions of food safety practices and have expertise 
on the costs and benefits of preventive strategies to manage weeds at different scales of 
conventional and organic production systems.  
 
Roger Downer, Ph.D., (downer.2@osu.edu) is a Research Associate in the Department of 
Horticulture and Crop Science at the Ohio Agricultural Research and Development Center 
In Wooster, Ohio. 
 
Stan Ernst, M.A. (ernst.1@osu.edu) plays two roles in the Agriculture, Environmental and 
Development Economics department at the Ohio State University in Columbus, Ohio: (1) 
Outreach Program Manager and (2) Specialist on Marketing; Information Technology Adoption 
in Food and Agricultural Industries; and niche food markets. As Outreach Program Manager, he 
develops strategies, programs, and educational products that enhance department economic 
outreach, research, and teaching programs. Ernst directs the Department's Policy & Outlook 
Program and other major Outreach and Extension programs; and serves as departmental 
contact on Extension-related issues. Ernst studies marketing and the use of information 
technology and e-business practices within food and agricultural industries. Current work 
relates to drivers of consumer demand for local foods, direct marketing channel options, rural 
retailing trends, and horticulture economics.  
 
Gerri Isaacson, (isaacson.16@osu.edu) Program Administrator for the Agricultural Risk Analysis 
Program and Doohan Weed Lab Group in the Department of Horticulture and Crop Science at 
the Ohio Agricultural Research and Development Center in Wooster, Ohio.  
 
Jason Parker, Ph.D. (parker.294@osu.edu) is an agricultural anthropologist and Research 
Scientist in the Department of Horticulture and Crop Science at The Ohio State University in 
Columbus, Ohio. His research focuses on multiple dimensions of sustainability and the 
environment including social aspects of water quality, agriculture, food and food safety, and 
GMOs. Research foci include the examining links between food safety and sustainability with 
emphasis on farm size, marketing strategies, and the social science of technology. Other work 
includes examinations of stakeholder group structure and land tenure and their affects on 
community-based watershed management, risks of GM crop technology, and developing 
measure of agroecosystem health. 
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Scott Wolfe, M.A. (wolfe.529@osu.edu) is a Research Assistant in the Department of 
Horticulture and Crop Science at the Ohio Agricultural Research and development Center in 
Wooster, Ohio. His work examines the physiological effects of herbicide drift on viticulture 
grapes and has additional interests in the biochemistry involved in herbicide drift scenarios and 
damage to sensitive plant species.  
 
Moderator 
 
Joe Heimlich, Ph.D. (heimlich.1@osu.edu), Associate Professor in the School of Environment 
and Natural Resources at the Ohio State University. His background includes expertise in Adult 
Education that integrates transdisciplinary understandings and is an accomplished moderator 
and facilitator. His work evaluates efforts in parks, zoos, science centers, nature centers, non-
government organizations, and government agencies through a modified stakeholder based, 
utilization focused evaluations using program theory and mixed methods. Facilitate evaluation 
design training programs and program planning for statewide and national projects. He is a 
partner in the Environmental Education and Training Partnership (EETAP) where he has 
conducted the following: a national study of environmental education and the web; research 
projects leading to publications on evaluating web sites, web content, and searching for 
resources; development of over 100 info-sheets and meta evaluations of projects. 
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III. Symposium Introduction  
By Jason Parker, Roger Downer, Doug Doohan, Stan Ernst, Scott Wolfe 
 
Collaboration on this project began with a long-standing tradition of multi-state partners 
working together to achieve common goals. Risk assessment work was initiated in 2008 at 
Purdue and OSU to quantify the effect of sub-lethal doses on grapes, tomatoes, broccoli, bell 
pepper, and melons.  Results were communicated to growers at the Ohio Produce Growers and 
Marketers Association, the Indiana Horticultural Congress, and the Mid-Atlantic Fruit and 
Vegetable Convention. The Ohio Grape Industries Committee hosted a series of listening 
sessions in 2010 to inform growers of the new GM crops, and to enhance awareness of spray 
drift issues. By 2011, key issues shaping the symposium and workshop concept began to take 
shape. 
 
This symposium addressed a critically important emerging threat to farms and communities: 
reformulated 2,4-D and dicamba herbicides and GM crop technologies to cope with the 
increasing pressures of herbicide resistance that threatens row crop farmers and the risks 
associated with them. Presenters identified potential risks and benefits to farms and 
communities of 2,4-D and dicamba reformulations and herbicide-tolerant crops (corn in 2013, 
soybean and cotton in 2014) through an exploration of the science, perceived risks to 
stakeholders,, and other uncertainties to the environment, economy, communities, and society. 
  
The imminent commercial release of field crops with genetically engineered tolerance to these 
herbicides is expected to address the short term needs of row-crop farmers who have 
experienced increased herbicide-resistant weeds. Despite the best intentions of farmers, 
commercial applicators, seed companies, and the pesticide industry, there is concern that this 
will inevitably lead to crop damage because of increased spray drift and movement of volatiles, 
some of which may result from changes in application timing that coincides with more 
susceptible growth stages of non-target plants.  

Background on Glyphosate, “Roundup Ready”, and Known Risks 

 
Monsanto’s release of “Roundup Ready” (glyphosate tolerant) Soybeans in 1996 marked the 
beginning of a 15-year landscape and social experiment in farming communities across North 
America. Safety claims based on Monsanto’s research were supported by the US EPA when it 
approved the use of Roundup and other glyphosate based “Roundup Ready” crops. However, 
research did not foresee the potential consequences of these technologies in the environment 
or the potential for misuse that led to herbicide resistance, documented cases of gene flow, 
impacts on pollinator species and non-crop vegetation diversity. In addition, socioeconomic 
implications to farms and communities were missed that included limiting on-farm decision 
making from the prohibitions against seed-saving and compulsory contracts for single crop use, 
limited or lack of locally available alternative non-GM crops, in situ spread of GM technology to 
non-GM row crops and the resulting culture of surveillance and litigation to protect company 
patents. Finally, the “treadmill of production” created by increased yields and costs and 
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decreased price (from larger yields) has fostered the present farm structure and rural 
demographic state in which increasingly larger farms are operated by fewer and older farmers. 
Moreover, risks to organic and non-GM crop niche producers as a result of gene flow were 
missed as well. All of these factors arguable inhibit the sustainability of farms and rural 
communities by restricting options for decision making and limiting the adaptability to changing 
social, economic and environmental conditions.  
 
As a result of “Roundup Ready” crop technology, glyphosate is the most widely sold herbicide in 
the world. It is almost certain to have had the greatest impact of any herbicide ever developed.  
Its use is the principal method of weed control on 90% of the nation’s 60 million acres of 
soybeans, and more than 70% of corn and cotton. It is the wide-scale and intensive adoption of 
this method of weed control over all others that has led to rapid selection of glyphosate 
resistant weeds, 21 species to date. In turn development of 2,4-D- and dicamba-resistant crops 
has been driven by the need for new tools to manage glyphosate-resistant weeds. Herbicide 
resistance is a more recent phenomenon that that of pest resistance to insecticides and 
fungicides. The rate at which herbicide-resistant biotypes have been reported increased greatly 
with the introduction of as the ALS inhibitor herbicides, and more recently with the landscape-
scale use of glyphosate in “Roundup Ready” crops.   
 
Risk analysts would classify the broad socio-economic impacts of Roundup Ready technology 
described above, along with the unexpectedly rapid evolution of resistance as a classic failure of 
technical risk analysis.  Failure occurred because the analysis focused solely on known risks, 
identified during product development by experts, without investigating other potential risks or 
addressing unknown outcomes and concerns of other stakeholders (Busch, per. com). The 
Roundup Ready example illustrates the great need to create an accurate and transparent 
discourse on benefits, risks, and uncertainties as new technologies with the potential for 
widespread dissemination, adoption, and societal impact are developed. With these known 
outcomes of the rapid adoption of glyphosate and tolerant crop technologies, it is imperative 
that such an enhanced risk analysis be conducted on these emerging technologies so that 
awareness of their potential impacts are known prior to widespread use. By engaging 
stakeholders on all sides of the 2,4-D and dicamba tolerant crops issue, we can identify and 
conduct research that would shape discussions and resulting policy decisions in ways more 
likely to improve weed management and protect the effectiveness of current herbicides while 
respecting current social, environmental and market forces. 

2,4-D, Dicamba, and the Threat to Specialty Crops 

 
Dow AgroSciences plans to sell 2,4-D tolerant corn by 2013.  This will be followed in rapid 
succession by cotton and soybean with an identical trait.  Dicamba tolerant crops are also being 
developed by Monsanto and will follow a similar trajectory of commercialization.  These traits 
will be stacked with others; invariably glyphosate tolerance will be part of the mix.  It is 
anticipated that a weed control program will consist of glyphosate plus 2,4-D, or glyphosate 
plus dicamba. Based on past experience, row-crop farmers plagued with glyphosate resistant 
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weeds will embrace crops with tolerance to these growth-regulating herbicides, leading to 
greatly increased herbicide use and inevitably to more off-site movement. The well-known 
history of disease syndromes caused by off-site movement of 2,4-D, dicamba and glyphosate 
(see Section 3) is such that many specialty crop growers fear that their crops cannot be grown 
in a future landscape that will be inundated like never before with all of these active 
ingredients. It is not surprising that, as a new discourse on herbicide-tolerant crops takes shape, 
the prospect has led individuals such as Steve Smith, Agricultural Director of the REDGOLD 
COMPANY to give the following Congressional testimony (9/30/2010) opposing their release: 
 

I am convinced that in all my years serving the agricultural industry, the 
widespread use of dicamba herbicide poses the single most serious threat to the 
future of specialty crop industry in the Midwest.               

 -- Steve Smith, Director of Agriculture for Red Gold 
 

A significant complication from these technologies is that the new traits will be stacked with 
glyphosate resistance and weed control programs will call for the use of mixes with glyphosate 
(Wright et al. 2010, Seifert-Higgins and Eberwine 2010).  Research indicates that injury resulting 
from very low-dose combinations of 2,4-D or dicamba with glyphosate can be more damaging 
than with either herbicide used alone (Wolfe et al. 2011).  
 
Additionally, other potential complications for the system are not trivial. Pesticide tolerances 
for 2,4-D have been established for some specialty crops and none for dicamba (D. Kunkel, IR4 
Program, Pers. Comm.). Thus marketing of many crops subjected to drift may not be legal. 
Processors generally will not accept a crop where herbicide drift is apparent even if residues are 
not found (T. Rabaey, General Mills, Pers. Comm.).  Likewise, customers for organic fruits and 
vegetables expect products to be residue-free.  When drift occurs, growers are left in limbo; the 
field cannot be abandoned because yield losses must be measured.  Stakeholders report 
increasing difficulty in obtaining settlements, particularly when the plaintiff is a processor. 
Moreover, herbicide spray drift and volatility is also a particular concern to organic producers.  
National Organic Program standards prohibit the use of any chemical or synthetic inputs, which 
include 2,4-D and dicamba. Application, accidental or intentional can become grounds for 
revoking certification.  2,4-D and dicamba induce clearly visible effects on most sensitive crops 
at extremely low doses. In contrast to symptoms of glyphosate drift, those caused by 2,4-D and 
dicamba are distinct and readily detected even by untrained observers. Thus it is inevitable that 
organic producers will lose their certification when off-site movement occurs and these effects 
observed.   
 
Finally, from an ecological perspective these new approaches to weed control also require close 
scrutiny. Increased use of dicamba and 2,4-D has the potential of reducing biodiversity in field 
edges and nearby noncrop habitat (Bowe 2010; Green and Owen 2010).  Beneficial arthropods 
provide pollination and other key ecosystem services valued at over $57 billion per year (Losey 
and Vaughan 2006). 
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The planned introduction of 2,4-D and dicamba-tolerant crop technology to date has caused 
polarization within and between sectors of the agri-food system. However, it may be possible 
to achieve a better outcome than occurred following the introduction of Roundup Ready crops. 
Based on our collective experiences with similar issues, we believe there is an opportunity to 
improve the discourse and protect the interests of all stakeholders; but the timing of this effort 
is critical. Central to our long-term goal is the hypothesis that people’s perceptions and beliefs 
regarding weed management decisions are shaped through existing perceptions, beliefs, and 
value that are informed by the discourse on this issue. Factors influencing the technologies 
selected and how those decisions were made depends on the inclusiveness of that discourse 
such that it includes all stakeholders in our farming and food system.  Once the technology is 
commercially released, the opportunity for a collegial approach to perceived and real problems 
will quickly be lost. The purpose of this Specialty Crop Research Initiative planning grant 
proposal is to gather the stakeholders and take the first step in identifying all points of 
contention, as well as the likely costs and benefits of 2,4-D- and dicamba-tolerant crops, and 
alternate strategies. From this planning phase, specific research and extension education 
activities can be planned for deployment through a CAP that will help address these problems 
and continue the discussion. Ultimately, we are developing a live case study of methodology 
that would actively engage all stakeholders in shaping and choosing the future technologies in 
food production industries.  
 
Previous research by our team has shown that farmers believe herbicides help them manage 
risk. Alternative approaches promoted under the umbrella of integrated weed management 
(IWM) are perceived as riskier in the short term.  This preference for herbicides, at the cost of 
IWM, led to annual applications of glyphosate over immense landscapes in the US ultimately 
forcing the selection of resistant biotypes.  In reality a farmers’ weed management decisions 
are more than an individual farm issue – they are societal issues. The outcomes both positive 
and negative are shared by local communities, consumers, and the nation as a whole. For 
instance glyphosate resistant marestail (Conyza canadensis) is now established in many 
vineyards and vegetable fields in Ohio as a result of the biotypes selection in soybean fields.  
Controlling the biotype is as problematic for fruit and vegetable farmers as it is for grain 
producers.  Now development of 2,4-D-tolerant and dicamba-tolerant crops is seen by many 
agronomic weed scientists and row-crop farmers as the key to preserving the utility of 
glyphosate. So, while corn, soybean and cotton farmers welcome these new technologies, the 
potential perturbations they cause will be experienced by the U.S. specialty crop industry, 
organic producers of grains, fruits and vegetables, pollination service providers, and the general 
ecology.  
 
Public Discourse on Biotech Crops 
 
As unintended consequences associated with GM crops emerged, the general discourse on 
GMOs, including herbicide-tolerant crops, shifted away from its importance to developed 
countries and toward the importance these technologies hold for the poor in developing 
countries until the herbicide resistance issue became prominent. Both proponents and 
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opponents of these technologies embraced developing country discourses that were laden with 
inaccuracies and misconceptions: proponents emphasized Malthusian concerns of addressing 
overpopulation through GMOs; opponents focused on deskilling of the poor and the cycle of 
debt created through bans on seed saving (Stone 2010; Stone 2002). This example illustrates a 
need to create an accurate and transparent discourse on the benefits, risks, and unknowns in 
future releases of technologies with the potential for widespread dissemination, adoption, and 
societal impact. By engaging stakeholders on all sides of the 2,4-D and dicamba tolerant crops 
issue, we can identify and conduct research that would shape discussions and resulting policy 
decisions in ways more likely to improve weed management and protect the effectiveness of 
current herbicides while respecting current social, environmental and market forces. 
 
Reshaping the Discourse 
 
Lubell describes trust “as expectations about whether or not a trustee, in the context of a risky 
exchange relationship, will behave in a manner beneficial or at least not detrimental to the 
truster” (2007:237).  Creating an inclusive discourse is the basis of fostering the trust that Lubell 
states is critical in developing effective policy on issues of the common good, such as water or 
herbicide application spray drift. Ostrom (1990) states that trust is decisive in creating effective 
environmental policy. For instance, it has been instrumental in creating agricultural water policy 
with outcomes supported by the members of the Sacramento Valley Water Quality Coalition 
(Lubell 2007).  
 
Historically, farmers have been reticent to collaborate with regulatory agents, such as US EPA, 
and have expressed resistance to new forms of regulation. Water quality is a consistent area of 
conflict between farmers and regulatory authorities, particularly row-crop and livestock 
producers. These conflicts are shaped both through the real experiences of farmers and the 
general discourse surrounding the issue, which influences perceptions and attitudes. Prior to 
the last decade, environmental discourses surrounding water quality were generally expert-
driven with prescriptive mandates being given to farmers by, for example, state EPA agents. 
This approach has changed with the development of various participatory stakeholder 
approaches to watershed management (Weber 2003; Koontz 2004; Sabatier 2005). As Parker et 
al. (2007; 2009) show, trust can develop among farmers and regulatory agents through 
dialogue and collaborative action in which farmers are engaged as collaborators in addressing 
water quality problems in the Sugar Creek Watershed. Similar to Lubell, Moore et al.’s (2008) 
found that institutional distance was a factor in trust in which local agency and people were 
trusted more than state and Federal. These trust issues are overcome through participation of 
all participants on an equal footing and with their input in the process of outcome development 
and decision making. We believe that similar discourse change is possible in dealing with the 
current issue of 2,4-D and dicamba-tolerant crops and associated environmentally induced 
specialty crop diseases. 
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2,4-D, Dicamba, and Glyphosate Herbicides 
 
The herbicide 2,4-D was commercially introduced in the early 1950’s and quickly adopted by 
cereal farmers. Its mode of action was specific to plants but selectively toxic to most broadleaf 
species. While 2,4-D was hailed as a great breakthrough for adequately controlling weeds in 
cereal crops, its side effects on non-target crops were soon noted.  Spray drift because of 
unsophisticated equipment coupled with product volatility was such that damage to adjacent 
fields of cotton, grapes and tomatoes led to concerns (and increasing numbers of lawsuits) 
relating to pesticide drift (Akesson and Yates 1964).   However, the benefits to growers 
seemingly outweighed the problems and use of this and other hormone weedkillers increased 
in spite of threats in several states to ban 2,4-D because of damage to cotton. Court records of 
the time document civil actions taken as a result of drift movement of the herbicide from target 
to non-target crops.  
 
Environmentally induced plant diseases are an understood outcome that can result from off-
target herbicide spray drift (Walker 1969). Movement of 2,4-D was easily recognized both 
during spraying through drift and after spraying through volatilization losses (Sherwood et al. 
1970; Grover et al. 1972) because susceptible plants exposed to 2,4-D developed unique 
morphological symptoms (Felsot 2005). In contrast to experiences with DDT movement, where 
residues could only be detected following chemical analysis of tissues, 2,4-D residues were 
easily identified by the readily recognizable morphological changes in foliage (Zimmerman et al. 
1953; Greenshields et al. 1958). Throughout the 1950’s engineering of application equipment 
improved the precision of delivery and foliar coverage.  Ground rigs, airplanes, and helicopters 
replaced hand-application equipment in the industrialized countries. However, despite these 
efforts to manage spray drift through better spray equipment, additives to reduce droplet size 
as well as improved formulation technology little has changed.  Drift still happens and therefore 
organic and specialty crop grower concerns over crop damage and damage to non-crop 
vegetation are well-founded. In fact, Felsot (2005), on the evaluation and mitigation of spray 
drift, laments that “A historical review of spray drift and its potential for non-target injury 
shows the phenomenon, although widely discussed, has not been satisfactorily mitigated 
despite the many years of training pesticide applicators.” In 2007, the US Environmental 
Protection Agency established a Pesticide Spray Drift Reduction Team with the goal of 
identifying drift reducing technologies through a verification program, publicize the results, and 
provide regulatory incentives to pesticide applicators to purchase and use these technologies. 
This program is on-going. 
 
In the early 1970’s glyphosate was introduced and became the #1 herbicide due in part to its 
utility as a broad spectrum herbicide that could control both grasses and broad-leaved weeds in 
a variety of situations.  The broad spectrum of weeds controlled by glyphosate and the positive 
environmental and safety profile of the product made the use of glyphosate in crops for weed 
control an attractive proposition. However, because glyphosate was lethal to crop species, a 
method to develop crop safety was needed.  According to Dill et al. (2008), Roundup Ready 
Crops were first introduced in the United States in soybeans in 1996. Adoption has been very 
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rapid in soybeans and cotton since introduction and has grown significantly in corn as 
previously outlined. Roundup Ready Crops have grown to over 74 million hectares in five crop 
species in 13 countries. Currently, the USA, Argentina, Brazil and Canada have the largest 
plantings.  To combat resistance alternative mode of action treatments have been developed.  
Over 50% of glyphosate-resistant (GR) corn hectares and 70% of GR cotton hectares receive 
alternative mode-of-action treatments, but only 25% of GR soybeans receive such a treatment 
in the USA.   Thus the drive to develop effective controls for GR weeds is particularly acute for 
this crop.  
 
GRCs have been a boon to row crop farmers who have adopted them, but overuse of this single 
weed management technology is jeopardizing this highly effective and economical tool due to 
the emergence of new weed species that are only poorly controlled by glyphosate (Owen, 
2008) and the evolution of GR weeds.  Around the world, weed populations have been under 
glyphosate selection for up to 35 years (Duke and Powles, 2008).  However, it is important to 
emphasize that until 1996, glyphosate use was restricted in agriculture to its “traditional” use 
for non-selective burn-down of weeds prior to crop seeding or for weed control between 
established rows of tree, nut, and vine crops. In more than 30 years of the “traditional” use of 
glyphosate (burndown) there has been only limited evolution of GR weeds (Powles, 2008a, 
2008b). Only with the introduction of GRCs did glyphosate become an in-crop, post-emergent, 
selective herbicide for use in annual, agronomic crops leading to the concomitant rapid 
selection of resistant biotypes.  The popularity of GRCs led to an enormous increase in 
glyphosate use, and related drift issues to non GRC field crops as well as specialty crops and 
rural landscapes.  In recent years a spate of lawsuits have emerged where sensitive crops are 
grown in close proximity to GRC crops.  Undoubtedly drift is a too common occurrence 
compounded somewhat by the relative difficulty in detecting sublethal depositions in rapidly 
growing sensitive plants.   
 
To address the GR weed problem, the industry is now developing 2,4-D and dicamba resistance 
traits that will expand the utility of currently available herbicides. However, it is critically 
important to recognize that these traits represent interim solutions for current weed problems 
and do not replace the long-term need to discover herbicides with new modes of action and to 
adopt integrated weed management tactics.  A significant complication of the 2,4-D and 
dicamba technologies is that they will be stacked with glyphosate resistance and recommended 
weed control programs will call for the use of tank-mixes of either herbicide with glyphosate 
(Wright et al. 2010; Seifert-Higgins and Eberwine 2010).  Research conducted in our laboratory 
indicates that injury resulting from combinations of 2,4-D or dicamba with glyphosate, all at 
very low concentrations, is far more damaging than with either herbicide used alone. The 
expected increased use of auxin herbicides will increase the potential for off-target movement 
and injury to sensitive broadleaf plants. Due to this potential environmental problem, the 
herbicide and trait providers will likely introduce improved herbicide formulations with better 
use directions before the traits are commercialized mid-decade (Bowe 2010; Qin et al. 2010). 
Ironically, this risk of off-target movement could drive more rapid adoption of auxin traits 
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because growers will want to protect their soybean and cotton crops from nearby applications 
of auxin herbicides. 
 
From an ecological perspective these new approaches to weed control require close scrutiny.  
The effect of herbicides on plant disease is an important, but generally overlooked, aspect of 
integrated pest management. Furthermore, these interactions can be crucial contributors to 
the success or failure of the biocontrol of weeds with microbes. Indirectly, through their strong 
effects on plants, herbicides can influence almost any process or interaction of the plant, 
including its susceptibility to plant diseases (Duke et al. 2007). According to Green and Owen 
2010 the increased use of dicamba and other auxin herbicides in auxin-resistant crops has the 
potential of injuring other broadleaf crops and reducing biodiversity in field edges and nearby 
noncrop habitat (Bowe, 2010).  Moreover, in response to the recent crisis involving honey bees 
and other pollinating species that are demonstrably important to fruit and vegetable growers, 
conserving pollinator-friendly habitat in hedgerows, woodlots, and field margins as well as 
establishing new habitat such as pollinator meadows and field margins is actively encouraged in 
many areas.  These habitats have been shown to considerably improve the pollination services 
available to growers from bees other that honeybees (e.g., native solitary bees and 
bumblebees). The encouragement has come notably from the USDA NRCS, the Xerces Society 
and the Pollinator Partnership.  One of the expected side effects of increased 2,4-D use brought 
about by the introduction of herbicide tolerant soybeans or corn is a change in the timing of 
herbicide applications.  Herbicide applications will likely be later in the season than has been 
the norm and that this could lead to greater damage to non-crop bee habitat due to drift into 
field margins.  This will be seen as a secondary effect since the herbicide is not directly toxic to 
the bees.  However, if drift and volatility are not controlled, the likelihood is that bee habitat 
will be compromised.  Opponents of the introduction of 2,4-D tolerant crops believe that 
herbicides containing 2,4-D will cause serious harm to native bee populations through severely 
reducing bee plant forage species. 
 
Off-target movement of auxin herbicides can occur via spray particle and vapor drift. Particle 
drift is more problematic than vapor drift, but growers can manage with modified application 
techniques, drift control adjuvants, and correct decisions as to when, where, and how to apply. 
Particularly troublesome for auxin herbicides would be any movement onto highly sensitive 
crops such as soybeans, cotton (Gossypium hirsutum L.), or grapes (Vitis vinifera L.). 
Interestingly, 2,4-D is safer than dicamba on soybeans and dicamba is safer than 2,4-D on 
cotton (Sciumbato et al. 2004). As little as 0.01% of the labeled rate of dicamba can injure 
soybeans (Steckel et al. 2010), and 0.001% of the labeled rate of 2,4-D butyl ester formulation 
can injure tomatoes (Lycopersicon esculentum Mill.) and lettuce (Lactuca sativa L.) (van 
Rensburg and Breeze 1990). Some forms of dicamba and 2,4-D are highly volatile, especially at 
high temperatures. For example, the acid form of dicamba is more volatile than amine salt 
formulations, and some amine salts are more volatile than others. Considerable research is 
underway to minimize volatilization with new salts and formulations. The manufacturer can 
also reduce potential off-target movement with application restrictions based on temperature, 
droplet size, humidity, and wind speed. Because of their volatility and the sensitivity of non-
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target crops, growers will probably not use auxin herbicides on vast areas during warm weather 
as is currently done with glyphosate. 

Rationale 

 
Specialty crop production is critical to rural livelihoods and offers a diversified use of rural 
resources on fewer acres than most commodity production. This has positive social, 
environmental and economic benefits that are shared by residents in rural communities, 
including: lower (than livestock and row-crop) startup costs, increased job opportunities, higher 
per acre product values and greater potential tax base, diversified crops across smaller units of 
land enhances biodiversity, and increased opportunities for economic multipliers such as other 
local specialty crop dependent businesses and additional producer profits from constricting the 
supply chain using more-direct marketing channels. Although weed management is a major 
cause of concern for produce growers, growers are keenly aware of the importance of 
application timings that are critical to avoiding injury and disease syndromes caused by some 
herbicides such as 2,4-D and dicamba.  
 
Less direct, but of critical importance, is the level of infrastructure available to the more 
disconnected pockets of specialty crop producers because of their integration into a landscape 
filled with grain and livestock operations.  Rural services and amenities such as highways, farm 
input and service suppliers, financial and insurance businesses, would not be available to many 
specialty crop producers at the local level without this diverse group of producers.  The manner 
in which various enterprises are interconnected within the local community and economy are 
difficult to measure. Moreover, the urban tourist seeking a rural farm experience expects a 
landscape consisting not only of boutique wineries, farm markets and u-pick operations, but 
also one that includes grain, forage and livestock (Randall 2002).  Thus the business plan of the 
specialty crop producer is contingent upon an aesthetic and infrastructure contributed to 
significantly by those who will use 2,4-D and dicamba-tolerant technology (Lu 1985, Morrison et 
al. 1996). 
 
People do not always form attitudes in a systematic or "rational" manner. Rather, they 
potentially mingle several issues in forming their attitudes toward a particular technology. 
These issues might include: a current perception of untrustworthiness of chemical companies 
stemming from a variety of sources; concerns regarding the "power" of chemical companies or 
corporations in general; the potential conflation of current formulations of 2,4D with the 
limitations of prior formulations or other agricultural chemicals; a general perception that 
chemicals need to be used sparingly, or should be avoided all together. There surely are other 
potential issues wrapped into a general attitude regarding the issue of herbicides that this 
research will illuminate. 
 
Technologies all have positive and negative attributes, pros and cons, and the discourses 
surrounding those attributes affect how each is addressed. These discourses and the impact 
they have on the perception of technologies powerfully drive the evolution of civilization and 
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environmental change. Because of these connections among discourses, technology, and 
technology applications, it is critically important to conduct a comprehensive sociocultural and 
risk analysis of factors influencing perceptions of both technology users and non users, and use 
decision making. It is vital for those who develop, regulate and use new technologies to 
improve their knowledge and understanding of stakeholder perceptions, beliefs and attitudes 
in order to better manage risk. Moreover, it is important that those in such capacities also 
understand and address the perceptions of non users since their neglect is likely to result in 
widespread public misperceptions of a technology and its use. 
 
One such technology that we predict will cause significant measurable changes in parameters 
of the economic, social, and environmental function of agricultural communities in the United 
States is 2,4-D tolerant corn/ soybean and related innovations. Worldwide, 2,4-D is one of the 
most commonly used herbicide components accounting for 46 million pounds being used per 
year (www.24d.org). While this highly successful herbicide is sought after by those farmers of 
grasses and other grass-like crops, fruit and vegetable growers whose crops are broadleaf 
plants report that the drift and volatility of these products induces injury and other disease 
syndromes to their crops. Monsanto and Dow AgroSciences’ introduction of new formulations 
of these products, and their associated herbicide tolerant engineered crops (soy, corn, and 
cotton – in proposed order of release) is viewed with heavy skepticism and trepidation by many 
Midwestern produce growers and processors who perceive their operations will be harmed 
should these products be misused, Dow and Monsanto’s claims fall short of their promise, or 
natural events conspire against them. Here we itemize just a few potential impacts of the new 
2,4-D and dicamba-tolerant traits based on the premise that spray drift is likely to happen 
despite the best application technology: 
 
1. Weed control activities of grain producers will be under greater scrutiny by fruit and 

vegetable producers and this is likely to result in a sort of ‘shoot first, ask questions later’ 
mindset when it comes to suspected chemical trespass.  This is an opportunity to educate 
both users and non users of proper application of 2,4-D. This can ensure that grain farmers 
follow proper use guidelines. It can also help communities (e.g. viticulturists, produce 
growers) develop alternative ways to challenge abusers without resorting to lawsuits. This 
may take the form of community arbitration or other mechanism that necessitates neighbor 
communication and compromise.  

2. Improved understanding among farmers of the short, intermediate, and long term costs and 
benefits of using this technology. Continued weed control on grain farms will impact the 
short term economic viability of rural communities.  This in turn will impact the short term 
economic viability of other agricultural and allied industries.  Eventually use of this 
technology by most farmers will decrease the economic edge gained by its initial use. What 
are the intermediate and long term costs and benefits of use? These will ensure that 
farmers understand the real impacts of the technology and can then make informed 
decisions regarding its use.  

3. Farming communities specializing mainly in conventional grain production are likely to be 
less vibrant than those that are more diverse. This occurs because there are fewer and less 
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diverse agricultural-related businesses in the community due to lack of demand and lower 
farming population. Grain farms tend to be larger and the land tends to be rented more 
often than owned (because of expense). This results in fewer farmers, farms, farmsteads, 
and potentially more exurban residents (who pay taxes but spend money elsewhere), and 
fewer job opportunities. 

4. Non-farming residents of rural communities may become less tolerant of weed control and 
other pest management practices on grain and horticultural farms.  Likely to be surprised by 
the impact on their properties resulting from technology.  Likely to associate impacts on 
their gardens and ornamental plants with impacts on human and animal health. 

5. Plant communities in hedgerows and field edges will be modified by increased 2,4-D and 
dicamba use. These modifications will cause changes in associated changes in the food 
change including pollinator populations. 

6. Pollinator impacts will in turn impact horticulture and agronomic crop viability. 
7. Land tenure will be affected and the long-term viability of some horticultural crop 

enterprises, including conventional growers, degraded e.g. organic and local foods 
movements (fastest growing sectors of the US farming sector). 

8. Organic certification may be jeopardized from spray drift or gene flow. 
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IV. Outcomes  
By Jason Parker, Roger Downer, Doug Doohan, Stan Ernst, Ashley Kulhanek, Scott Wolfe 

Risk analysis was the unifying theme of the symposium. Systems-focused questions were asked 
and addressed during the symposium relate to identify risks. Multiple dimensions of risk were 
highlighted by presenters beyond the knowledge deficit focus of traditional risk analysis 
(discussed below). Features of this approach include: 
 

 An emphasis on engaging users of the technology and seeking community-based 
solutions to identifying and mitigating the risks of technology adoption; 

 Using a systems approach to understanding the social, economic, biological, and 
ecosystems-based risks and solutions to weed management issues; 

 Finding alternatives to address the current weed management and herbicide resistance 
problems that move beyond placing responsibility with companies to provide solutions, 
identifying best approaches to solving these problems that move beyond reductionist 
risk-focused to broader community risk analysis that includes understanding the 
benefits (who benefits and has control?) and impacts (who is affected and how?) of new 
weed management systems; 

 Coexistence of agricultural systems, and co-prosperity of farmers and communities. 

 And, understanding that the experiences and intrinsic knowledge of row crop farmers, 
commercial applicators, and other users, are integral to mitigating the risks of these new 
technologies. This can assist with improvements in education enrichment, regulation 
improvements, and policy enhancement. 
 

Promotion, prosperity, and persistence of specialty crop enterprises in rural economies are 
central goals of our future collaborations. Protecting the specialty crop system from adverse 
affects of increased 2,4-D and dicamba usage will impact rural communities and their 
economies for the good. Goldschmidt (1978) found positive community socioeconomic 
relationships and quality of life indicators among communities characterized by mixed farm 
scales and types, and specialty crops play a major role (Clark, Munroe, and Mansfield 2010; 
Inwood, in press). In contrast less diverse farm communities with consolidated and highly 
specialized enterprises had fewer positive indicators (Goldschmidt (1978).  
 
Beyond Knowledge Deficits: Farmer/GM Row-crop User Knowledge and Experiences 
   
We advocate for an approach to outreach that varies from the traditional knowledge deficit 
model used by many experts who assess gaps in farmer knowledge then develop educational 
programming without considering the expertise and practical knowledge of farmers (Cook et al. 
2004, Hansen et al 2003). Adherence to this knowledge deficit approach can limit the impact of 
extension activity (Doohan et al. 2010, Parker et al. 2012a, Parker et al. 2012b, Wilson et al. 
2008).  Critical to bridging this divide, educators must understand the intimate knowledge that 
farmers possess from long-term experiences with technology in their fields in order to answer 
key questions shaping herbicide application. They include: How will row crop farmers integrate 
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2,4-D and dicamba into current cropping systems? What are current knowledge levels and 
perceptions about risk? How do row crop and specialty crop growers expect to manage risks? 
How are current record-high commodity prices affecting farmer experiences and attitudes? 
How does an aging farm population that operates increasingly larger scale farms with high rates 
of land leasing and a growing dependence on wage and contract employees manage the land? 
Considering that specialty crops are intermingled with row crops in the central US, what are the 
perceived spatial dimensions of herbicide use? 
 
Farm sizes and types are highly variable across growing regions (Lobao 1990). This variability is 
important to understanding the risks to specialty crop growers because of the diverse matrix of 
specialty crop and row-crop farms across regions, each with dominant crop types, having 
different markets, and industry partners, processors and distributors, and even soils and 
climates. In addition, the structures of regional agricultures are intrinsically affected. Yet, the 
details of this interconnection of region and risks from herbicides and GM crops are little 
understood; there is a need to understand the spatial dimensions of herbicide use. We will 
move beyond the polarization of GM technology from opponents and proponents by going to 
the users of these technologies: row-crop farmers and custom applicators. These two groups 
have experience and functional knowledge of these technologies yet their insights are 
consistently missing from this discourse (Guehlstorf 2008, Mauro and McLachlan 2009). This 
embodied knowledge is critical to shaping user behavior through improved “best practices” 
recommendations and messages, and better regulation and policy.  
 
Farmers participating in the symposium recommended development of field days and 
experiential learning in which participants can see the effect of 2,4-D and dicamba drift on 
sensitive crops but viscerally experience drift and factors that both exacerbate and moderate its 
severity. Farmers were also troubled about what they called the rogue factor.  The rogue factor 
refers to individuals who uses pesticides, GM traits and other technologies, yet for many 
reasons routinely disregards the protocols, guidelines, accepted norms of behavior and 
regulations.  They like GM crops for the same reason as other farmers; they make life easier. 
Unfortunately for trait companies the rogue factor can throw a wrench into the best 
technology, label instructions, and technology agreements. For instance as farmers in GA and 
WI acknowledged, the rogue may not feel obliged to use the new low-drift, low volatility 
formulations specified.  When such a person is on the tractor anything can and often does go 
wrong. The rogue’s knowledge, beliefs, perception and attitudes are poorly understood. A 
critical objective of this proposal is to develop a deep understanding of the knowledge, 
perception and drivers of such individuals, and involve them in designing outreach to reach 
members of their population. 
 
Risks to farms and communities were identified and fit into one of three risk management 
needs, risk assessment, risk management, and risk communication. Each of these areas has 
research needs that must be addressed to facilitate risk mitigation.  
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1) Risk Assessment – There is a need for a standardized methodology to assess the risks of 
new technologies to non-GM crops, agri-food systems, agroecosystem functions and 
conservation, economic multipliers (e.g. processing and processors), consumers, rural 
communities, and crop and non crop genetic diversity. 

a. Prolong herbicide susceptibility is important, and avoiding “breaking the system” 
through the development of herbicide resistance, which will require “best 
practices” for applicators and enhanced regulatory and policy tools.  

b. The claims of chemical and genetics companies BASF, Dow AgroSciences, and 
Monsanto regarding the “ultra-low volatility” and drift for the new formulations 
of 2,4-D and dicamba need to be validated. 

c. Application technologies for validated herbicides need standardized to minimize 
accidental or abuse of the technologies.  

d. Develop and implement a valid, standardized methodology to assess risk of new 
herbicide and GM technologies to: Non GMO crops, economic multipliers (e.g. 
economies of scale, processing etc.), agrifood systems, consumers, rural 
communities, agroecosystem function (non crop species diversity, pollinator 
communities etc), crop genetic diversity (i.e. resulting from monocropping and 
gene drift). 

e. Understanding the “feeding the world” discourse and testing the validity of this 
concept, which is widely promoted as justification for GM technology but it 
currently unsubstantiated. 

f. Analysis of the relationships between land tenure (i.e. access and stability of that 
access to land resources), farmer demography, current equipment, and use of 
new herbicides and GM crop technologies is needed to understand the risks of 
their unintended misuse.  

i. Given current farm conditions, how will farmers integrate these 
technologies into their enterprises? 

ii. Do row crop farmers have realistic expectations of these products? 
iii. How will specialty crop and other non row crop farmers integrate these 

herbicides into burn down and other non-GM crop applications? 
g. Evaluate how these technologies contribute to agricultural sustainability. Will 

these technologies resolve the herbicide resistance problem and are they 
sustainable in high-intensity use weed management systems.  

i. HR species will be subjected to just one mode of action while others will 
have two. Does this speed up dicamba/2,4-D resistance in those weeds 

h. Understand spatial and regional risks associated with these technologies such as 
gene follow and drift, effects on pollinators, effects on non-crop vegetation 
diversity. 

i. Identify appropriate strategies and technologies to manage risks.  
j. Some weeds become problems because their competition is eliminated by 

herbicides. It is important to understand how non-glyphosate weed problems 
occur and how to manage them.  
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2) Risk Management 
a. Develop systematic approaches and practices that guide the use of these 

herbicides and GM crops that protect the interests of most stakeholders. 
b. Impacts of weed management decisions are shared by the surrounding 

community and others beyond its borders in the food system. 
i. Apply new knowledge to support co-existence of farm types within 

communities and across regional landscapes. 
ii. Apply existing and new knowledge to extend the “shelf life” of herbicides 

and maintain herbicide susceptibility in order to decrease the 
proliferation of resistant biotypes. 

c. Understand how row-crop farmers are currently managing herbicide resistance 
problems in the absence of these new herbicides and GMO crop systems. Then, 
apply this knowledge in developing systems that include new technologies in an 
Integrated Weed Management (IWM) program, systems that put the farmer 
back in control of weed management decisions that include a “many tools in the 
toolbox” approach.  

i. Farmers should not rely on any single management tool (e.g. fertility, 
pest control). What are the other “tools” that might be readily 
incorporated? How will those tools be integrated?  

ii. Develop IWM approaches that include options for integrating the new 
formulations of 2,4-D and dicamba into current cropping systems. 

d. Launching a diagnostic and monitoring system to track and validate the incidents 
of off-target herbicide damage.  

e. Mitigation of crop injury.  
f. How will the companies market these products and how will they ensure user 

compliance with the approved uses? Incentive programs to encourage proper 
application should be developed. 

i. Make requirements for pesticide applicator training very high. 
ii. Crop insurance restrictions.  

g. Reaching laggards (broadest definition includes non-traditional laggards) and 
late adopters who offer the most potential for misuse.  

h. With 8 companies producing most of the seed, will expanding the use of a single 
seed further diminish the available diversity of row crops and limit the 
adaptability of the farming system.  
 

3) Risk Communication 
a. Accurate and transparent discourse on benefits, risk and uncertainty, in order to 

shape informed discussions and resulting research, policy, regulatory and 
marketing decisions in optimum ways. 

b. Develop a comprehensive risk communication strategy that includes many 
stakeholders: specialty crop growers; insurance companies; response plans; 
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engages EPA, state regulators, Crop Life America; private (row-crop farmers) and 
commercial applicators knowledge, perceptions and attitudes; and, rural 
communities. 

c. Improved applicator training programs using hand-on experiential learning 
techniques.  
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These risks and relationships were conceptualized in the following model for managing the risks 
to farms and communities from 2,4-D and dicamba. It shows the relationships among the risks 
that were identified as fitting assessment, management, and communication risk analysis.  
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V. Post Symposium Activities 
By Jason Parker 

 
Following the symposium, several activities occurred during the planning and writing phases to 
produce the focal output of the symposium, the Managing Risks of Herbicide Drift from 2,4-D- 
and Dicamba-tolerant Row Crops to Specialty Crops USDA Specialty Crop Research Initiative – 
Standard Research and Extension Program (SCRI-SREP) proposal. These activities included 
preliminary data collection to support this process and collaboration with academic, industry, 
and farming stakeholders and multiple team meetings in person and via webinar.  
 

Preliminary Data Collection: Focus Groups with Stakeholders 

 
Six focus groups were conducted in three growing regions (Georgia, Ohio, and Wisconsin) that 
were chosen based on major specialty crops and herbicide-tolerant (HT) GM row crops. Four 
focus groups were conducted with Ohio viticulturists (Bethel in SW, Geneva in NE, Wakeman in 
NC, and New Concord SE) with a mean of eight growers. These focus groups demonstrate the 
variation within an industry that is in part related to proximity to HT row crop users. One focus 
group was conducted in Hancock, WI, with 5 attendees in an area of diverse farming. One 
occurred in Oglethorpe, GA, with 11 attendees, and was chosen due to the dominance of 
cotton farming.   
 
Ohio viticulturists were very concerned about drift damage from dicamba and 2,4-D. This was 
particularly prevalent among the growers farming near row crops. This proximity also led to 
skepticism regarding industry claims of “ultra low” volatility or ability to control drift. Growers 
cited past experiences with drift-induced damage and skepticism regarding the ability of these 
technologies to manage this problem as their main reasons for concern. Concern was expressed 
that such claims would encourage farmers to use more herbicides with less discretion and that 
the returns on new HT crops would not justify the costs. Growers in non-HT crop areas were 
less likely to be aware of drift issues but equally pessimistic about controlling drift problem and 
doubted the efficacy of good communication. Others doubted the efficacy of spray regulations 
because of the ability of HT crop farmer to influence regulations. Growers were mixed in their 
belief that sprayer education about sensitive crops could minimize drift. Some thought that 
specialty crop growers should have input in determining spray formulations and standards and 
that low volatility herbicides should be less expensive to promote proper use. More skeptical 
growers suggested putting drift damage information on the label and even restricting or 
banning its use in some or all states. One group stated that identification of herbicide residues 
in wine and on grapes would be a benefit for proving damage claims.  
 
Overall, both the Wisconsin and Georgia participants were less concerned about spray drift, 
likely because these herbicides are not commonly used. In addition, Wisconsin participants 
were less concern because they perceived lower demand for these new herbicides since 
Roundup has maintained its efficacy and new HT crops would likely have traits they did not 



Symposium 
Proceedings 

The New 2,4-D and Dicamba-Tolerant Crops:  
October 31 to November 1, 2011 

 

   The Ohio State University – Agricultural Risk Analysis Program Symposium          28 | P a g e  
 

need. Georgia participants perceived lower demand because the new technologies would 
require changing to a rigid system when they need flexibility, and weed resistance to the active 
ingredients is already common. Spraying during critical growth stages of sensitive crops was a 
major concern for both groups. Wisconsin participants were concerned about processors 
developing reasonable residue restrictions to avoid crop losses. Specialty crop seed production 
concerns were expressed because these herbicides impact seed production through residual 
herbicides being stored in seeds that damage future crops. Dicamba concerns were expressed 
for soil movement because of high winds in this region, specifically dicamba because it attaches 
to soil particles more readily. Both Georgia and Wisconsin groups expressed concern over the 
use of terms like “ultra-low drift” because they felt it would be a license to abuse them, 
although the Wisconsin group felt custom applicators would follow the label and were more 
concerned about “private applicators” (i.e. farmers and their potentially unlicensed or 
untrained workers). Both groups doubted the efficacy of a contract to restrict product uses 
stating that if there are some older formulations in the shed then some farmers will use them 
anyway. The Wisconsin growers were adamant that they should not assume the risk for row-
crop farmer mistakes or misuses. Finally, while Georgia participants were concerned about 
having only one effective herbicide for their cotton (Ignite) and would like more options, 
Wisconsin participants were concerned about having fewer herbicides because of industry 
“drift” toward more general (and profitable) solutions, like RR sugar beets.  
 

Stakeholder Involvement in Project Planning  

 
Additional stakeholder groups and research partners were invited to participate in project 
planning who were identified during the symposium. A fruitful collaboration of stakeholders 
continued for three months. Then, on January 18, BASF, Dow and Monsanto withdrew after 
citing fears regarding data ownership. Specifically, concerns surfaced that data generated 
contrary to their product claims would place them in a difficult legal position. These concerns 
were expressed by the research team and symposium organizers months prior but it was not 
expected that they would emerge at such a late time in the planning process. While this 
reduced the scope of the project by narrowing the focus more than envisioned at the 
workshop; it did not change the aims or the substance, importance, or potential impact of the 
project. Herbicide off-site movement via drift and volatility became the focus of the project 
since it is the top problem addressed by pesticide education professionals and state regulators 
(J. Kick-Raack, Ohio Pesticide Education Program, Pers. Comm.). Experts agree that most of the 
problem is caused by droplet drift.  Nationally, 1700 spray drift incidents are reported to state 
regulators each year (AAPCO 2005).  Stakeholders and empirical data suggest reported 
incidents are only 5-10% of actual (Spray Drift Education Network 2012).  
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VI. Presenter Information and Presentations 
Slides from each presentation follow in the order of the symposium speaker schedule 
(Appendix A). Information is based on that which was provided by each presenter; the 
completeness of the abstract and presenter information may vary. 
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What is Risk? – Robyn Wilson 
School of Environment and Natural Resources, The Ohio State University, 
wilson.1376@osu.edu, 614-247-6169 
Risk is the likelihood of negative consequences occurring to something that humans 
value. It is essentially a social construct created to give meaning to hazards, activities, 
technologies, etc that may pose some threat to humans or the natural environment. 
Making decisions about risk is difficult because often the technical assessments of risk 
diverge from public perceptions of risk, and this gap in calculated versus perceived 
risk can cause conflict and disagreement over the appropriate response. Better 
understanding how different individuals and groups perceive risk is necessary to best 
communicate about and manage risk.  
 

 

mailto:wilson.1376@osu.edu
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The Roundup Ready Story (according to me) – Michael D. K. Owen 
Associate Chair and Professor of Agronomy, Iowa State University, 
mdowen@iastate.edu 
 
The commercial introduction and subsequent adoption of glyphosate-resistant crops 
represents an unprecedented change in global agriculture.  Nothing has ever impacted 
the agriculture to the extent that crop systems based on the glyphosate-resistance 
trait and glyphosate.  The entire demographics of agriculture reflected the early 
successes of this technology; glyphosate-based crop systems were presumed to be 
economically rewarding and environmentally friendly. However, growers who became 
lulled by the mantra of “simplicity and convenience” did not recognize nor accept the 
ecological risks that the selection presume imposed by the use of one herbicide 
recurrently represented.  Relatively early in the unprecedented change in agriculture, 
the inevitable happened; weeds with evolved resistance to glyphosate were identified.  
Across US agriculture, the appearance of populations of some weeds with evolved 
resistance to glyphosate is increasing at an increasing rate.  The problem, given the 
weed species that have evolved resistance, has the potential to significantly limit the 
utility, and thus the benefits, of this important technology.  It is questionable whether 
or not the issues of glyphosate-resistant weeds can be mitigated without resorting to 
technologies whose benefit to risk ratios are may be less favorable and whose time 
management considerations likely will negatively impact the current crop production 
systems. 
 
Micheal D. K. Owen is a Professor of Agronomy and Weed Management Extension 
Specialist at Iowa State University and Associate Chair of the Agronomy Department.  
He is also an adjunct Professor in the Department of Vegetable Protection at Esculea 
Agricola Panamericana at Zamorano, Honduras.  Dr. Owen received his B.S. degree in 
Botany/Plant Physiology in 1974 and M.S. in Botany/Weed Science in 1975 from Iowa 
State University.  He received his Ph.D. degree in Agronomy/Weed Science from the 
University of Illinois in 1982 while serving as an Extension Agronomist.  Prior to 
joining the faculty at Iowa State University, he was a faculty member in teaching and 
extension at the University of Florida.  His research interests include herbicidal weed 
management, weed biology and plant stress physiology.  Owen was a co-author of the 
National Research Council report “The Impact of Genetically Engineered Crops on 
Farm Sustainability in the United States” released in 2010 and is on the steering 
committee for the National Summit on Strategies to Manage Herbicide-Resistant 
Weeds sponsored by the National Academy of Sciences. 
 

mailto:mdowen@iastate.edu
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The Need for New Weed Control in Grain – Fred Yoder 
Ohio Farmer 
 
The grain producer perspective on the needs (or not) for new means of weed control. 
Yoder sees many advantages in adding varieties with 2,4-D and Dicamba Tolerant 
crops, but also sees many pitfalls if we don't do this right. 
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Glyphosate-resistant Palmer Amaranth Devastates Agronomic Crops, 

New Technology is Desperately Needed – Stanley Culpepper  
Crop and Soil Sciences, University of Georgia, stanley@uga.edu  
 
 

 

mailto:stanley@uga.edu
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Academic perspectives on 2,4-D tolerant crops – Mark Loux 
Horticulture and Crop Science, Ohio State University, loux.1@osu.edu  
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Dicamba Tolerant Soybean - Benefits and Risks – Peter Sikkema  
Plant Agriculture, University of Guelph, psikkema@ridgetownc.uoguelph.ca 
 
Dicamba tolerant (DT) soybean is expected to be registered for use by North American 
soybean producers in the near future. This technology provides soybean producers 
with an additional weed management tool but there are some risks associated with 
the use of both glyphosate and dicamba.  
 
There are a number of benefits with the use of dicamba in DT soybean. Dicamba will 
provide control of selected glyphosate resistant broadleaf weed biotypes such as giant 
ragweed and Canada fleabane. In research conducted in Ontario,  a single application 
of glyphosate plus dicamba provided 81-94% control of glyphosate resistant giant 
ragweed depending on application timing and dicamba rate. Similarly, glyphosate plus 
dicamba provided 70-100% control of glyphosate resistant Canada fleabane 
depending on application timing. A sequential application of glyphosate plus dicamba 
applied preplant followed by postemergence provided 100% control of glyphosate 
resistant giant ragweed and Canada fleabane. For both weed species improved control 
was obtained with early applications when the weeds were smaller at the time of 
application. In addition, the use of dicamba in DT soybean will provide improved 
control of weeds that are naturally tolerant to glyphosate such as perennial broadleaf 
weeds and weeds in the Polygonum family. Dicamba will provide short residual 
broadleaf weed control depending on rate. Furthermore, the addition of dicamba to 
glyphosate will reduce the selection intensity for additional herbicide resistant weeds. 
Finally, DT soybean has excellent tolerance to both glyphosate and dicamba. 

mailto:psikkema@ridgetownc.uoguelph.ca
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An Integrated Stewardship Plan for Dow AgroSciences’ Enlist Weed 

Control System – Brian Olson  
Field Scientist, Dow AgroSciences LLC, bdolson@dow.com 
 
Dow AgroSciences is developing the Enlist™ Weed Control System to help corn, 
soybean and cotton growers manage glyphosate resistant and hard-to-control weeds.  
The Enlist system confers tolerance to 2,4-D and quizalofop in corn and to 2,4-D and 
glufosinate in soybeans and cotton.  The Enlist trait technology will be combined with 
glyphosate tolerance to enable use of an effective combination of herbicides on the 
selected Enlist crops.  Dow AgroSciences also has developed Enlist Duo™ herbicide for 
use in Enlist crops.  It is a proprietary blend of glyphosate and new 2,4-D choline.  
Enlist Duo features a technology package called Colex-D™ Technology that will provide 
growers with an herbicide product with ultra low volatility, minimized potential for 
physical drift, decreased odor and improved handling characteristics.  Enlist Duo will 
provide exceptional weed control and will help to prevent and manage tough weeds.  
Dow AgroSciences is committed to stewardship of this technology in order to promote 
responsible use and sustain long-term future performance for growers.  Dow 
AgroSciences will provide comprehensive guidance for use of the Enlist Weed Control 
System through education and training programs, ongoing research and development 
efforts, application technology improvements, and in-field performance testing. 
 
™Enlist, Enlist Duo and Colex-D are trademarks of Dow AgroSciences LLC.  The Enlist™ 
Weed Control System and its components have not yet received regulatory approvals; 
approvals are pending. The information in this release is not an offer for sale. 
©2011 Dow AgroSciences LLC 
 

No Presentation Available. 
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Advancements and Stewardship of Dicamba in a Dicamba Tolerant 

Cropping System – Steve Bowe  
BASF 
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Advancements and Stewardship in a Dicamba Tolerant System – 

Douglas Rushing 
Monsanto Company, douglas.w.rushing@monsanto.com 
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Are these new technologies needed? – David Mortensen and Franklin 

Egan 
Crop and Soil Sciences, Penn State University dmortensen@psu.edu 
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Why Risk Analysis is not Enough – Larry Busch  
Center for the Study of Standards in Society, Michigan State University, 
lbusch@msu.edu  
 
For the last 30 years debates have dragged on about genetic modification of crops.  
Intertwined with those debates are others on the role of intellectual property and 
research.  As a result of decisions made during the Reagan administration, regulation 
of GM crops was cobbled together using existing laws, resulting in the creation of the 
‘Coordinated Framework.’  This put the regulatory experts firmly in charge while 
ruling out most democratic debate.  Nearly simultaneously, Land Grant universities 
began to invest in biotechnology research, largely abandoning conventional plant 
breeding.  Hence, today the research agenda is no longer set in the public sector.  Some 
research trajectories (e.g., apomixis) have been abandoned.  Although the debate 
continues, the expert community insists, backed by the Coordinated Framework, that 
risk issues are all that count.  Hence, all other issues are forced through the frame of 
risk.  Even questions of distribution of risk are rarely discussed.  What is needed is a 
new approach that recognizes legitimate concerns that go beyond risk and that opens 
debate to the public at large. 
 
Lawrence Busch is University Distinguished Professor of Sociology and Co-Director of 
the Center for the Study of Standards in Society at Michigan State University.  He has 
been on the faculty at the Norwegian University of Science and Technology, Lancaster 
University (UK), and what is now the Institut de Recherche pour le Développement 
(IRD).  He is (co)author or (co)editor of twelve books including Plants, Power and 
Profit: Social, Economic, and Ethical Consequences of the New Biotechnologies 
(Blackwell, 1991), Toward a New Political Economy of Agriculture (Westview, 1991), 
From Columbus to Conagra: The Globalization of Agriculture (University of Kansas 
Press, 1994), Making Nature, Shaping Culture: Plant Biodiversity in Global Context, 
(University of Nebraska Press, 1995), The Eclipse of Morality: Science, State and 
Market, (Aldine DeGruyter, 2000), Agricultural Standards: The Shape Of The Global 
Food And Fiber System,(Springer, 2006),  Universities in the Age of Corporate Science: 
The UC Berkeley–Novartis Controversy, (Temple University Press, 2007), and 
Standards:  Recipes for Reality (MIT Press, 2011).  He has also authored or coauthored 
more than 150 other publications.  He is past president of both the Rural Sociological 
Society and the Agriculture, Food, and Human Values Society, a fellow of the American 
Association for the Advancement of Science, a Chevalier de l’Ordre du Mérite Agricole 
and an elected member of the Académie d’Agriculture de France. He recently received a 
doctor honoris causa from the Universidade Técnica de Lisboa. Dr. Busch's current 
interests include the use of standards in public and private policy making, 
biotechnology and nanotechnology policy, agricultural science and technology policy, 
higher education in agriculture, and public participation in the policy process. 
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How Should We Make Decisions about Risk? – Robyn Wilson 
School of Environment and Natural Resources, The Ohio State University, 
wilson.1376@osu.edu, 614-247-6169 
 
Too often, decisions about risk conducted in a typical risk analysis framework are 
expert-centered, treating risk as real and objective, and seeking to identify a standard 
attainable level of risk. A broader and perhaps more defensible framework for making 
complex decisions in the face of risk and uncertainty can be found in decision analysis. 
Decision analytic approaches make the problem and stakeholder values the central 
concepts, and risk is identified as both objective and subjective. Such an approach 
seeks a context-dependent acceptable level of risk that is based on assessing the threat 
to the fundamental values and objectives of everyone involved. 
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Summary of Ohio Grape Grower Focus Groups - March 2011 – Scott 

Wolfe, Dave Scurlock, Julia DeNiro, Jason Parker, Doug Doohan 
 
Department of Horticulture and Crop Science, The Ohio State University, 
wolfe.529@osu.edu 
 
Today, herbicide use is widespread in agriculture as an integral weed management 
tool.  With genetically modified crops, such as RoundUp Ready corn and soybean, 
herbicides that normally would have killed a crop can be used for weed control.  Over 
years of use, certain weeds have developed a resistance to RoundUp and require new 
management tools.  New technologies, including 2,4-D and dicamba resistant crops, 
will add the tools needed for corn and soybean farmers to better manage weeds, 
however, these herbicides can drift off the target area and damage sensitive crops, 
such as grapes, tomatoes, and peppers.  Research over the last 30+ years has shown 
some of the effects of these herbicides on sensitive crops.  With the impending 
introduction of new resistance traits in other crops, the use of the herbicides is about 
to change and therefore the damage seen on sensitive crops may also change.  Grapes 
are an important crop in Ohio for table and wine production.  The wine industry also 
attracts millions of tourists each year.  In early 2011, 6 expert one on one interviews 
were held to create an expert model of the concerns these new technologies might 
pose to the grape industry in Ohio.  Based on those interviews, 4 regional focus groups 
were held with grape growers and wine producers throughout the state.  These 
interviews and focus groups told us that there were some key issues that everyone 
agreed upon, such as communication between all farmers and industries, and also 
some differences in opinion about the possibly solutions to concerns held by the grape 
industry.  The ideas and topics brought up by each focus group and by the experts, will 
help guide future work by researchers, the grape industry, corn and soybean farmers, 
and the companies involved. 
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Risk to processing and fresh vegetables – Stephen Weller 
Purdue University, (Greg R. Kruger, William G. Johnson, Douglas J. Doohan) 
weller@purdue.edu 
 
Herbicide drift from agronomic fields onto tomato crops is a concern.  Glyphosate is 
the most commonly used postemergence herbicide in corn and soybean and if 
dicamba and 2,4-D resistance is engineered into these crops, they could become a 
widely used postemergence herbicide.  This study determined the impact of simulated 
glyphosate and dicamba drift on tomatoes.  Dose response studies for dicamaba and 
glyphosate herbicides were conducted on two commercial processing tomato lines  at 
either a vegetative stage or early bloom stage.  Both glyphosate and dicamba caused 
higher yield losses when sprayed at the early bloom stage.  A 25% yield loss was 
observed with 8.5 and 7.5 g ae/ha for glyphosate and dicamba, respectively, at bloom 
stage and 43.9 and 11.9 g ae/ha for glyphosate and dicamba, respectively, at 
vegetative stage.  Overall, tomatoes were more sensitive to dicamba than to 
glyphosate.  Other vegetable crops response to dicamba and 2,4-D will be briefly 
discussed. 
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2,4-D, Dicamba, and Pollinators – Josephine Johnson  
Pollinator Partnership, jdjohnso@epi.umaryland.edu  
 
 
Herbicides, designed to target plants, affect animals as well. Pollinators are present in 
ecosystems as mammals, birds, reptiles, and insects. Off target doses of herbicides to 
riparian strips, shelter belts, and roadway wildflowers may diminish plant 
biodiversity that, by cascade effect, causes loss of animal biodiversity. Some 
pollinators feed on single source pollens or nectars; others are generalists. Timing 
issues of plant presences may affect migrating pollinators, insect development, or 
hibernation resources. Careful use of herbicides is mandatory to preserve diverse 
species that communally contribute to decomposition, pollination, temperature and 
moisture control within microsystems, and recycling. 
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Environmental concerns beyond our borders: maize landraces and 

gene flow – Kristen Mercer 
Horticulture and Crop Science, The Ohio State University, mercer.97@osu.edu 

 
The advent of genetically modified crops spurred an interest in the movement of 
transgenes into related wild populations and other crop fields.  Such gene flow into 
landraces or wild relatives in crop centers of origin could have implications for their in 
situ conservation.  For instance, the world was surprised by the discovery of 
transgenes in landraces maize grown in southern Mexico, the center of crop origin for 
corn, despite the moratorium on the planting of transgenic varieties.  Thus, we need to 
consider the ultimate destination of our seeds and their ecological implications in 
other countries when developing novel technologies.  
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Risks to organic vegetable producers – Ben Sippel 
Sippel Family Farm, Ohio, sippelfamilyfarm@brightchoice.net   
 
What are the concerns for producers marketing to the organic, GMO-free, or other 
specialty consumer niches?  And do these technologies make a difference one way or 
the other for younger producers?" 
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Needles in a Haystack – Frank Forcella 
USDA-ARS, Morris, MN, Forcella@morris.ars.usda.gov 
 
One in a billion, needles in haystacks, resistant weeds – all seemed equally rare just a 
few years ago. Why then are there so many resistant weeds nowadays, and how might 
we prevent even more of them? Explicit answers won’t be forthcoming here. Instead, 
two ideas, arguably related, will be explored. Hopefully, each will be at least 
entertaining if not informative for the audience. The first topic involves the human 
dimensions of resistance prevention and management. In other words, we know what 
we must do to prevent resistance, so why don’t we do it? The second topic centers on 
the idea that weed resistance to herbicides and dietary habits of our citizenry may be 
two faces of the same coin. That is, both possibly are consequences of the same 
general phenomenon, which is the extraordinarily productive food and fiber 
production system that has evolved in North America in recent decades. Do the 
benefits of high productivity outweigh the detriments associated with weed resistance 
and, for instance, human obesity? 
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Active Ingredient Fingerprinting - Angus Murphy and Josh Blakeslee 
Department of Horticulture and Landscape Architecture, Purdue University, 
murphy@purdue.edu, 
Horticulture and Crop Science, Ohio State University, blakeslee.19@osu.edu 
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GMOs and the Social Science of Technology – Craig Harris 
Department of Sociology, Michigan State University, harrisc@msu.edu 
 
Craig Harris is an associate professor of sociology, specializing in the sociology of food and 

agriculture, and the sociology of the environment.  Craig is also appointed in the Michigan 

Agricultural Experiment Station (Michigan AgBio Research) and the National Food Safety 

and Toxicology Center.  Craig is one of the principals of the Institute for Food and 

Agricultural Standards.  Craig has been exploring the social dimensions of agrifood 

biotechnology for over 25 years.  With colleagues he is the author of a chapter on what 

makes agrifood biotechnology so scary to consumers, two articles on the discourse 

concerning GM cotton in India, and a forthcoming chapter on agrifood biotechnology 

decision making in Uganda.   

In his presentation he will discuss the regulation of biotechnology, the roles of trust in 

social processes, and decision making under uncertainty. 
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Farmer experience with and current status of  Roundup Ready crops 

in Brazil, and the receptivity of regulators and farmers to the new 

2,4-D and dicamba tolerant crops – Pedro Christoffoleti 
University of Sao Paulo, College of Agriculture “Luiz de Queiroz”, Department of Crop 

Science, Weed Science Area, Piracicaba, SP, Brazil  pjchrist@esalq.usp.br 

After 14 years of adoption of Roundup Ready soybean in Brazil, the technology 
brought gains to farmers, especially in the production cost, when compared to 
conventional crops. However, risk on the adoption of Roundup Ready technology is 
related to selection of glyphosate resistant weed biotypes. Five species have been 
selected in the country with resistance to glyphosate, being Conyza spp the  most 
frequent selected species. It is estimated that 3,3 million hectares of the 25 millions of 
soybean cultivated in the country has resistant horseweed. The process of registration 
fo 2,4-D and dicamba resistant crop is still in the early stages and probably will take at 
least 3 to 4 years for approval. However, 2,4-D is officially registered to several non-
resistant crops in Brazil, but it is mainly  used for weed control in soybean (burndown 
treatment –7 to 10 days pre-planting). It is also used for the crop sugarcane (post-
emergence) and corn (burndown and initial post emergence of the crop). Despite the 
fact of being a “old” product it is still being used due to it broad weed spectrum of 
control and better cost/benefit when compared to other products in the market, as 
well it may be used to control resistant weeds to ALS inhibitor herbicides and 
glyphosate. There are two formulations registered in the country (ester and amine), 
however only the amine formulation has been commercialized, in 13 commercial 
producers. So, risks in the future use of 2,4-D might be related to drift. Drift may 
represent source of contamination to non-target crop. Therefore, special 
recommendations of spray application of the herbicide must be followed regard to 
droplet size, sprayer pressure, boom height, climatic conditions at application, 
distance of the non target crops from the sprayed area and wind velocity. 

mailto:pjchrist@esalq.usp.br
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Managing risks with sprayer technology – Mark Hanna 
Extension Ag Engineer, Iowa State University hmhanna@iastate.edu  
 
Potential for application drift is related to droplet size, ambient weather conditions, 
sprayer set up and proximity to sensitive crop areas.  Application of appropriate spray 
technology involves consideration of tradeoffs between drift and efficacy.  A 
knowledgeable applicator with appropriate technology and good understanding of 
risks involved should be an objective for application.  
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DriftWatch – Roy Ballard 
Purdue Extension, Purdue University, rballard@purdue.edu  
 
 
Beekeepers and producers of specialty crops such as certified organic produce, 
tomatoes, grapes and tree fruits are concerned about impacts caused by pesticide drift 
from neighboring farm fields.  Protecting native and managed pollinators and their 
habitats has become a national priority resource concern (H.R. 2913, 2007). 
Concurrently, market demands for organic produce and specialty crops have 
increased and acres under production have expanded seventy-five percent during the 
last five years (Indianapolis Star, 2009). Within the traditional row crop production 
system, increases in the volume of 2,4-D, fungicide and insecticide use seem imminent 
with the introduction of new phenoxy resistant soybean varieties, the emergence of 
Asian soybean rust and rising corn acres to meet biofuel production needs. 

 

In response to the emerging need, a collaboration of producers of pesticide sensitive 
crops, stewards of at-risk habitat and the pesticide applicator community developed 
an Indiana Pesticide Sensitive Crops and Habitats Registry website 
www.driftwatch.org (formerly BeAware). The goal of the newly established registry is 
to allow public, private and commercial pesticide applicators to access the Google 
Maps TM based website and search for pesticide sensitive crops and habitats in their 
area to facilitate better informed pesticide use.  

 
 

mailto:rballard@purdue.edu
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Economic concerns with adoption or non-adoption of herbicide-

resistant traits for agricultural sectors and rural communities – 

Allan Lines 
Professor Emeritus, Agricultural Economics,Ohio State University, lines.1@osu.edu 
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VIII. Appendices 
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Appendix A: Symposium Schedule 
Day 1: Monday October 31 

 
1:00 PM…………….. Welcome & Introduction  

      Doug Doohan & Joe Heimlich, Ohio State University  
 
1:20 PM…………….. What is Risk?  

      Robyn Wilson, Ohio State University    
 
1:40 PM…………….. Setting the Stage  

      Doug Doohan, Ohio State University 
 
1:50 PM…………….. The Roundup Ready Story (According to Me)  

      Mike Owen, Iowa State University   
 
2:20 PM…………….. The need for new weed control in grain  

      Fred Yoder, Ohio Farmer    
 
2:35 PM…………….. Glyphosate-resistant Palmer amaranth devastates agronomic crops, new  
                  technology is desperately needed  
                      Stanley Culpepper, University of Georgia 
 
2:50 PM…………….. Academic perspective on 2,4-D tolerant crops 

      Mark Loux, Ohio State University 
 
3:20 PM…………… 20 Minute Break 

 
3:40 PM…………….. Dicamba Tolerant Soybean – Benefits and Risks 

      Peter Sikkema, University of Guelph 
 
4:10 PM…………….. An Integrated Stewardship Plan for Dow AgroSciences’ Enlist Weed  

      Control System 
      Brian Olson, Dow AgroSciences LLC 

 
4:50 PM…………….. Advancements and Stewardship of Dicamba in a Dicamba Tolerant Cropping  

      System  
      Steve Bowe, BASF, and Doug Rushing, Monsanto Company 

 
5:30 PM…………… Dinner 

 
 
6:30 PM…………….. Are the new technologies needed?  

      David Mortensen, Penn State University 
 
7:00 PM…………….. Working Group Session 1  

      Joe Heimlich, Ohio State University 
 
8:00 PM……………. End of Day 1 Program 
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Day 2: Tuesday, November 1 
 

8:00 AM…………….. Introduction to Day 2  
      Joe Heimlich, Ohio State University 

 
8:10 AM.................... Why Risk Analysis is not Enough  

      Lawrence Busch, Michigan State University 
 
8:30 AM……………. How Should We Make Decisions about Risk? 

      Robyn Wilson, Ohio State University 
 
9:00 AM…………….. Summary of Perceived Risks from Ohio Grape Grower Focus Groups - March 2011 

      Scott Wolfe, Ohio State University 
 
9:10 AM…………….. Risk to processing and fresh vegetables  

      Steve Weller, Purdue University 
 
9:20 AM…………….. Risks to pollinator communities  

       Jody Johnson, Pollinator Partnership 
 
9:30 AM…………….. Environmental concerns beyond our borders: maize landraces and gene flow 

      Kristen Mercer, Ohio State University      
 
9:40 AM……………. Break 

 
10:00 AM……………. Risk to organic vegetable producers 

        Ben Sippel, Ohio Farmer 
 
10:20 AM……………. Needles in haystacks 

        Frank Forcella, USDA-ARS   
 
10:40 AM……………. Active ingredient fingerprinting  

        Angus Murphy, Purdue University, and Josh Blakeslee, Ohio State University   
 
11:00 AM……………. GMOs and the social science of technology  

        Craig Harris, Michigan State University    
 
11:20 AM……………  Working Group Session 2 

        Joe Heimlich, Ohio State University 
 
12:20 PM………….  Lunch 

 
1:20 PM……………… Farmer experience with and current status of Roundup Ready crops in Brazil,   
          and the receptivity of regulators and farmers to the new 2,4-D and dicamba  

        tolerant crops 
        Pedro Christofolletti, University of Sao Paulo  

 
1:40 PM……………… Sprayer technology to control application 

        Mark Hanna, Iowa State University    
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2:10 PM…………….. Driftwatch.org: Commercial Applicator  

      Roy Ballard, Purdue University Extension 
 
2:30 PM…………….. Economic concerns with adoption or non-adoption of herbicide-resistant traits  
                  for agricultural sectors and rural communities 

       Allan Lines, Ohio State University   
 
3:00 PM…………….. Reaching the “unreachables”  

      Interactive Discussion 
 
3:20 PM……………... Pulling it all together presentation  

       Joe Heimlich, Ohio State University  
 
3:50 PM……………..  Working Group Session 3  

       Joe Heimlich, Ohio State University  
 
4:50 PM……………... Final Comments 
 
5:00 PM…………….  End of Symposium 
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Appendix B: Participant List 
 
Roy Ballard Extension Educator, Purdue University, Driftwatch  
Mark Bennett Horticulture and Crop Science, Ohio State University 
Josh Blakeslee Horticulture and Crop Science, Ohio State University 
Steve Bowe BASF 
Larry Busch Sociology, Michigan State University 
John Cardina Horticulture and Crop Science, Ohio State University 
Pedro Christoffoleti Department of Crop Science, University of Sao Paulo – College of 

Agriculture “Luiz de Queiroz”, Brazil 
Stanley Culpepper Crop and Soil Sciences, University of Georgia 
Julia DeNiro Environmental Science Graduate Program, Ohio State University 
Doug Doohan Horticulture and Crop Science, Ohio State University 
Roger Downer Horticulture and Crop Science, Ohio State University 
Christy Eckstein Ohio Grape Industries Committee 
Franklin Egan Weed Ecology, Penn State University 
Stan Ernst Agriculture, Environment and Development Economics, Ohio State 

University 
Frank Forcella USDA Agriculture Research Service, Morris, MN 
Michelle Gregg Ohio Ecological Food and Farming Association 
Mark Hanna Extension Agricultural Engineer, Iowa State University  
Craig Harris Sociology, Michigan State University 
Joe Heimlich School of Environment and Natural Resource, Ohio State University 
Brad Hopkins Dow AgroSciences 
Casey Hoy Endowed Chair, Agroecosystems Management Program 
Levi Huffman Row crop farmer, Indiana 
Gerri Isaacson Department of Horticulture and Crop Science, Ohio State University 
Linjian Jiang Department of Horticulture and Crop Science, Ohio State University 
Josephine Johnson Department of Toxicology, University of Maryland Baltimore, and 

the Pollinator Partnership 
Matt Kleinhenz Horticulture and Crop Science, Ohio State University 
Daniel Kunkel IR-4 Program, Rutgers University 
Yajun Li China Agricultural University, Beijing, China 
Allan Lines Agriculture, Environment and Development Economics, Ohio State 

University 
Peter Ling Agricultural Engineering, Ohio State University 
Mark Loux Horticulture and Crop Science, Ohio State University 
Kenneth Martin Furmano’s 
Kimberly  Martin Monsanto Co. 
Kristen Mercer Horticulture and Crop Science, Ohio State University 
Sally Miller Plant Pathology, Ohio State University 
Dave Mortensen  Weed Ecology, Penn State University 
Angus Murphy Department of Horticulture and Landscape Architecture, Purdue 
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University 
George Oliver Dow AgroSciences 
Brian Olson  Dow AgroSciences 
Mike Owen Agronomy Department, Iowa State University 
Jason Parker Horticulture and Crop Science, Ohio State University 
Daniel Pepitone BASF 
Tom Puch Agland Co-Op 
Matthew Rekeweg Dow AgroSciences 
Doug Rushing Monsanto Co. 
David Schacht Farmer, Franklin County, Ohio 
Lisa Schacht Farmer, Franklin County, Ohio 
Peter Sikkema Field Crop Weed Management, University of Guelph, Ridgetown 

Campus 
Ben Sipple Farmer, Morrow County, Ohio 
Steve Smith RedGold 
Joe Steiner Ohio Soybean Association 
Weiming Tan China Agricultural University, Beijing, China 
Dave Tierney Monsanto Co. 
Joe Unverferth Hirtzel Canning Company and Farms 
Russ Wallace  Aggie Horticulture, Texas A&M University 

Steve Weller Department of Horticulture and Landscape Architecture, Purdue 
University 

Robyn Wilson School of Environment and Natural Resource, Ohio State University 
Scott Wolfe Horticulture and Crop Science, Ohio State University 
Fred Yoder Farmer, Union County, Ohio 
Mingcai Zhang China Agricultural University, Beijing, China 
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