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The Science of Dicamba and Past Experiences: What We Know Today
Prepared by University of Arkansas System Division of Agriculture Scientists
The University of Arkansas System Division of Agriculture (Division) is dedicated to supporting
the Arkansas agricultural community, the agricultural industry and consultants, and the general
public by providing unbiased research‐based information for anyone involved in agricultural
activities. In the area of dicamba labeling and off‐target movement management, Division
scientists have spoken to the Arkansas State Plant Board Committee many times over the past
10 years. The Division has always provided consistent up‐to‐date counsel based on our clearest
understanding of past and present research.
A petition for rulemaking was filed asking the Plant Board to follow the federal label on
dicamba and repeal the previous date and buffer restrictions placed on that technology. Many
statements were made regarding a number of scientific principles and thoughts about dicamba.
The attached summary provides detail on each of these statements with literature citations of
published research. The main scientific points are as follows:












The small‐plot, peer‐reviewed research model is accepted by all major research
publications and institutions as an acceptable method for conducting agricultural
research and is the foundation for all variety and technology trials currently conducted,
including other production recommendations associated with crop pest management
and fertilization. In addition, large‐scale studies are cited and have been conducted
during university dicamba evaluations. Both replicated small‐plot research and larger
plot observational data have a place in the decision‐making model.
Low rates of dicamba do not increase soybean yields (Kniss 2018; Castner et al. 2021a).
Research shows that more often the effect of dicamba injury is negative (Kniss 2018;
Meyeres et al. 2021; USB funded unpublished research).
Dicamba is not the only option for control of Palmer amaranth in Arkansas. Dicamba,
2,4‐D, and glufosinate are all potentially effective postemergence herbicides for
controlling Palmer amaranth. In addition, there are a number of residual options that
can be utilized (Houston et al. 2020; Lingenfelter 2021).
University weed scientists are neither aware of nor have researched any new additives
or volatility reducing agents that prevent dicamba volatility that are available to growers
in 2021.
Research shows dicamba volatilizes and is frequently detected in rainwater and air
samples at sufficient levels to cause injury to soybean at dates beyond a May 25th cutoff
(Behrens and Leuschen 1979; Brabham et al. 2019; Egan and Mortensen 2012; Jones et
al. 2019; Oseland et al. 2021; Soltani et al. 2020).
An analysis of the number and type of plant injury complaints investigated by the Plant
Board indicates that dicamba secondary movement is responsible for most injury
complaints received from 2016 to the present. Furthermore, the numbers reveal that
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many of these applications were made after the May 25th cutoff date. The May 25th
cutoff date initiated in 2018 reduced the 1014 alleged dicamba complaints that
occurred in 2017 to a total of 200 in 2018, 210 in 2019, and 218 in 2020 (Figure 1).
Research confirms that volatilization occurs more at higher temperatures (Hartzler
2017; Behrens and Leuschen 1979; Mueller and Steckel 2019a).
Research shows that volatility is a major contributor to off‐target, landscape movement
of dicamba. In addition, some of this same work has shown the detrimental effects of
off‐target movement to sensitive species other than soybean, such as vegetable, nut,
fruit and vine crops (Knezevic et al. 2018; Bish et al. 2019; Dintelman et al. 2020;
Oseland et al. 2020; Johnson et al. 2021).
University weed scientists in a number of other states have observed and reported on
the widespread dicamba injury in other soybean‐producing states, showing that this is
not just an Arkansas problem (Hager 2017; Hartzler, 2017; Bradley 2017, 2018).
Weed scientists are seldom able to trace dicamba‐induced symptomology to a source,
indicating a means other than physical drift is responsible for the movement. These
observations are consistent with Plant Board findings.
Detrimental effects of sub‐lethal dicamba doses dicamba to trees and other perennials
have been well documented and are presented in this report (Dintlemann et al. 2019;
Wells et al. 2019). This injury has been associated with an increased susceptibility to
further abiotic and biotic stresses (ex. Insect feeding/disease) (Campbell and Valentine
1972).
There are no scientific data that shows dicamba can be used throughout the year in
Arkansas without substantially injuring crops. Analysis of complaint data indicates that
applications in the summer months have caused a substantial number of complaints.

2

22 April 2021

Figure 1. Cumulative percentage of alleged dicamba complaints in Arkansas in 2018, 2019,
and 2020 with the assumption that these complaints occurred 2 weeks after application.
List of dicamba‐related issues
The following numbered list of issues is supported by peer‐reviewed literature. The term “peer‐
reviewed” means a scholarly process by which research is scrutinized by a group of experts in
the appropriate field before publication, ensuring high scientific quality. Research published in
peer‐reviewed journals has gone through the rigors of the review process, and when it does not
meet scientific standards, it is rejected (not published). Scientific findings on dicamba
presented in this document are based on published research. Information from articles written
by land grant university weed scientists and the media are included to document the expert
opinions and observations from several soybean‐producing states where dicamba injury has
been observed in recent years.
1. Dicamba has historically been applied as a burndown herbicide or to corn and grain
sorghum in early spring, which has minimized the risk for damage to nearby plants
through volatilization.
 All herbicides have the potential to move off‐target during and following their
application; however, no herbicide has caused the extent of damage or the number of
complaints in Arkansas or across the US comparable to dicamba (Bish et al. 2020).


Problems with dicamba volatilization were noted as early as the 1960s when Dr. Ellery
Knake, extension weed scientist at the University of Illinois, discouraged the use of the
herbicide on corn because of the risk for injury to soybean (Hartzler 2017).



Behrens and Leuschen (1979) published the widely cited, sentinel paper “Dicamba
volatility”, which was a major contribution to our understanding of the factors
influencing dicamba volatilization and associated injury on soybean. Factors identified
as affecting volatilization included formulation and rate, treated surfaces (plant vs soil),
temperature, humidity, and rainfall after application. From field trials, Behrens and
Leuschen concluded that abnormally high temperatures were not needed for sufficient
dicamba volatilization to injure soybean.



Air temperature has long been recognized as a factor contributing to off‐target
movement of dicamba via volatilization, leading to a daily air temperature threshold of
85°F recommendation to limit off‐target movement. Temperature‐related movement of
dicamba has directly led to another state (Illinois) implementing a temperature
restriction (85°F) on over‐the‐top dicamba applications for the 2021 growing season
(Hager 2021).



Egan and Mortensen (2012) demonstrated that field application of the diglycolamine
salt of dicamba, the same salt form in Xtendimax, volatilizes at levels sufficient to injure
soybean.
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Kniss (2018) and Castner et al. (2021a) showed low rates of dicamba applied to soybean
do not increase soybean yields.

2. Division scientists were asked to provide the Plant Board an update on the latest scientific
knowledge regarding dicamba and 2,4‐D off‐target movement as early as 2012 in
anticipation of a request for use of dicamba in Xtend crops and 2,4‐D in Enlist crops.


Secondary movement is defined as volatilization, movement in water, re‐lofting of
herbicide molecules from treated surfaces, or suspension of herbicide molecules in air
after deposition of the physical spray (Bish et al. 2020, Willett et al. 2019). Unlike
primary movement or physical drift, secondary movement cannot be controlled by the
applicator.



The history of problems with secondary movement of auxin herbicides in Arkansas and
other states, including issues with dicamba volatilization, which are noted throughout
the published literature, partly drove the request for research from the Plant Board
(Behrens and Leuschen 1979; Bish et al. 2020).



Subsequent evaluations were also an early indication that secondary movement, most
likely volatilization, would be a problem with commercial use of the herbicide during
summer months if measures were not taken to correct the problem. Research on
Xtendimax with VaporGrip was not allowed by Monsanto before commercial launch.



Over the past 4 years, there has been a plethora of research and reports by university
weed scientists from multiple states who walked fields of soybean exhibiting dicamba
injury symptoms showing unequivocally that dicamba volatilization was responsible for
the landscape damage observed across much of the U.S. soybean production region.

3. Our understanding of dicamba volatilization and the factors contributing to the causes of
dicamba detection in air has increased immensely over the past four years.


Glyphosate addition to dicamba increases volatilization, even though mixing the newly
registered dicamba products with glyphosate is permitted on the Xtendimax, Engenia,
and Tavium labels (Bish et al. 2019; Bradley 2019; Carbonari et al. 2020; Mueller and
Steckel 2019b; Zaccaro et al. 2021a, c).



Mixing glufosinate with dicamba increases dicamba volatilization, but this mixture is not
permitted by any dicamba labels registered for use in XtendFlex crops (Zaccaro et al.
2021b).



The presence of dew and rewetting of leaf surfaces increases dicamba volatilization
(Bradley 2019; Dr. Bryan Young, non‐published data). This may partly explain the
greater volatilization in the Midsouth relative to other arid climates like Arizona, Texas,
and Australia where volatilization research has been conducted by a dicamba registrant.
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The concentration of dicamba in the air needed to induce symptomology on soybean is
approximately 55 times less than from physical drift (Norsworthy, 2019 Plant Board
meeting). Soybean typically shows dicamba symptomology any time dicamba acid is
detected with air samplers, even at concentrations below 1 ng/m3/day (Brabham et al.
2019). Dicamba is frequently detected in air and rainfall samples at levels sufficient to
cause soybean injury when applied to vast acres (Norsworthy, 2020 Plant Board
meeting; Oseland et al. 2021).



As the pH of soil decreases, the risk for volatilization of dicamba applied to the soil
increases (Bradley 2019).



The time of day of dicamba application influences when and to what extent it is
detected in the air (Bish et al. 2019; Mueller et al. 2013). An evening dicamba
application in stable air leads to greater detection than daytime application in unstable
air during the first 8 hours after application. However, beyond the first 8 hours after
application, dicamba detection is greater for the daytime application. In Missouri, total
detection of dicamba over 72 hours under stable and nonstable air was similar (Bish et
al. 2019).



In the absence of rainfall, dicamba volatilization can occur for up to 21 days from dry soil
(Long 2017).



Lowering application spray volume and decreasing droplet size increases dicamba
volatilization (Long 2017).

4. Research and field evidence indicates that it is volatilization, rather than physical drift, of
dicamba, that is a major cause of the issues observed with off‐target movement of the
herbicide over the past 4 years.


Physical drift leaves a pattern of injury most severe closest to the spray source. For this
reason, physical drift can often be traced to a source. However, of the 1,642 dicamba
complaints that have occurred since 2017, only 15% were traceable. Hence,
volatilization or atmospheric loading appears to be the main culprit leading to these
complaints.



Academic research in recent years, both within and outside of Arkansas, has shown
volatilization of new dicamba formulations to be a principal contributor of injury to
hyper‐sensitive plants (Bish et al. 2019; Soltani et al. 2020; Norsworthy, 2018 Plant
Board Presentation).



Physical drift occurs directly downwind, whereas dicamba volatilization of the new
formulations can move across the landscape in multiple directions and is known to
occur even at 4 days after application in the absence of rainfall (Bish et al. 2019;
Norsworthy 2018 & 2019 Plant Board Presentations).
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Over the past 4 years, Dr. Kevin Bradley studied the impact of dicamba on a wide
assortment of fruit, vegetable, and tree species; conducted research to understand the
extent of dicamba volatilization and its causes; and has examined associations between
dicamba use and landscape injury (Knezevic et al 2018; Bish et al. 2019; Ward 2019;
Dintelman et al. 2020; Oseland et al. 2020; Oseland et al. 2021).

5. There has been no large‐plot, field‐scale testing of VaporGrip Xtra or Sentris in
Arkansas, so it is uncertain whether new volatility reducing agents that are required
with the recent registration will circumvent the widespread damage caused by
dicamba in our unique environment and landscape.
 There has been no testing of the new volatility reducing agents in Arkansas other than a
single evaluation of each product in a low‐tunnel trial.


There is no known published research that examines the relationship between dicamba
volatilization and temperature when mixed with the new volatility reducing agents.



It is well established that volatilization and risk for off‐target movement of dicamba
differ greatly among geographies across North American soybean‐producing regions
(Soltani et al. 2020). Conditions unique to eastern Arkansas partly contribute to
potentially enhanced dicamba movement, and it is unknown whether the new volatility
reducing agents will alleviate this problem.



Dicamba damage across the Iowa landscape in 2020 was the greatest that had been
observed since the introduction of dicamba in the 1960s. The environment in 2020,
particularly with temperatures above 85°F during periods that dicamba was sprayed is
believed to have greatly contributed to the damage (Hartzler 2020).

6. Defensive planting of Xtend and XtendFlex soybean is not the solution to this problem.


The adoption of dicamba‐resistant soybean in geographies of heavy dicamba use during
the summer months does not ensure that other issues associated with dicamba
volatilization will be mitigated.



Even with defensive plantings of dicamba‐resistant crop varieties by growers, there are
still trees, gardens, and other sensitive species within these geographies for which there
are no protective trait options.



Weed scientist, Dr. Trey Koger, in 2018, noted landscape damage to trees, ornamentals,
and vegetables in Arkansas counties where dicamba use is widely supported. Tree
species that frequently displayed dicamba symptoms within and in the outskirts of these
communities in eastern Arkansas included Bradford pear, red oak, sycamore, peach, and
maple (Dr. Trey Koger’s 2018 report to the Plant Board).
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There is no residue tolerance for dicamba on vegetable and fruit crops (EPA 2014),
meaning that fruit from any plant that exhibits symptoms for which dicamba residues
are found could result in total crop destruction.



The linkage between the extent of dicamba use in the summer months and landscape
symptomology has been established (Oseland et al. 2021).

7. The impact of sublethal, chronic exposure of trees and other perennial plants to low
doses of dicamba leads to greater long‐term physiological stress and susceptibility to
pests.
 Sublethal rates of dicamba have a serious effect on the growth and physiology of trees.
High concentrations of dicamba can inhibit cell division and growth. Sublethal doses
result in curling and twisting of the stem, defoliation, and abortion of flowers and fruit.
Wells et al. (2019) found that pecan trees were damaged by sublethal doses as low as
0.01%. Damage was greater later in the season than earlier.


Dintlemann et al. (2019) found that apple, crabapple, dogwood, elderberry, elm, grape,
hydrangea, maple, oak, peach, pecan, redbud, rose, red raspberry, strawberry,
sweetgum, blueberry, and walnut exhibited dicamba injury symptoms at 1/200 of an
application rate.



The amount of herbicide affecting the plant is the sum of the amount of herbicide of
each application less the amount of detoxification.



Tree exposures within a short time are more damaging than exposures with a longer
period between applications. Tree death is generally a long process since sapwood and
roots store a considerable amount of carbohydrates.



Campbell and Valentine (1972) found that healthy trees can die if defoliated for two or
three seasons in a row. If the tree does not die from defoliation, crown and branch
dieback can occur and tree vigor declines. As the tree is defoliated, carbohydrate
reserves are depleted, and feeder roots often die. Water and nutrient uptake are
reduced further stressing the tree.



Chronic exposure of trees to dicamba lead to the attraction of insects or trees succumb
to diseases that lead to death. Often, trees are diagnosed with one form of malady or
the other, but the defoliation was the base cause of tree death (Franklin et al. 1987; Das
et al. 2016).



Repeated exposure to sublethal doses of dicamba has a cumulative effect. Loss of
photosynthesis and carbohydrate reserves due to defoliation will lead to tree death and
this process may take years. Increasing exposure events will increase the chances of
7
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death and death is often a result of a secondary pest being able to overcome the
weakened tree defenses (Franklin et al. 1987; Das et al. 2016).


Dicamba has been proven not to have any direct effects on adults, pupae, or larvae of
bee species and monarch butterflies (Oregon State University 2021; Stevenson 1978).



Several studies have demonstrated that dicamba movement affected the food and
habitat of pollinators (Olszyk et al. 2015; Hatterman‐Valenti 2004). Bohenbust et al
(2020) demonstrated the indirect effects of dicamba on butterflies including monarch
butterflies through food source reduction.



Low doses of dicamba reduce the number of flowers and the size of flowers (Bohenblust
et al. 2015). This reduction led to a reduced number of feeding sites and less visitation
of pollinators to the plants.

8. Dicamba buffers established by the EPA do not protect against injury and resulting
complaints to the Plant Board.


The EPA historically has developed spray drift buffers based on single application rate,
spray drift deposition curves, and estimated distances to biomass, height, or survival
endpoints. The EPA typically does not set spray drift buffers based on the occurrence of
injury symptoms, unless those signs of visual injury can be linked to reductions in
biomass and/or plant height (Kelly Tindall – EPA, personal communication).



The EPA set the endangered species buffer for dicamba‐based on “Off‐Field Movement”
field studies from small‐plot research that displayed visual signs of injury sufficient to
reduce plant biomass or height. In‐field setbacks are intended to prevent off‐field
exposures that would result in 5% height reduction and 5% yield loss following a single
exposure. No “Off‐Field Movement” study on the new volatility reducing agents was
conducted in Arkansas (Kelly Tindal – EPA, personal communication; Wagman et al.
2020).



Dicamba symptoms on soybean are expressed at much lower concentrations of dicamba
than needed to reduce soybean height or biomass, thus buffers set by the EPA are
insufficient to protect highly sensitive plants like soybean (Wagman et al. 2020).



The EPA does not model landscape damage caused by treating multiple fields over a
short period within a confined geography. Because of federal label restrictions on the
dicamba products, it is typical for a large number of spray applications to occur
simultaneously when weather is conducive for spaying. The model used by the EPA only
simulates the application of the herbicide to a single 80‐acre field.
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Federal labels failure to include multiple exposures, the lack of modeling landscape‐
scale applications, and the use of biomass or height reductions as criteria for setting a
sufficient buffer may be ineffective in preventing dicamba symptomology on
surrounding plants.

9. Protection of research on stations throughout Arkansas is needed.


The future success of weed control programs in Arkansas hinges on the ability of weed
scientists to evaluate and compare technologies, leading to recommendations on how
to best use available tools. The ability to conduct research is critical because most
growers, either directly or indirectly, rely on Division scientists to make
recommendations or train consultants that prescribe herbicides on a field‐by‐field basis.
Research is conducted across the state of Arkansas at as many sites as possible because
of differences in soil texture, soil pH, environmental conditions, and weed response to
herbicides.



The buffer size needed to protect dicamba‐sensitive plants at research stations is
unknown. Based on the dicamba symptoms observed at research stations from 2017‐
2020, three years of which a 1‐mile buffer was in place, the buffer distance in the
federal dicamba label is insufficient to provide adequate protection. The buffer distance
in the federal labels is for endangered species, not protection against symptomology on
dicamba‐sensitive plants.



While it is impossible to know whether a 1‐mile buffer around research stations will
provide sufficient protection, elimination of such a buffer distance increases the risk of
dicamba damage to dicamba‐sensitive plants at research stations.



The frequent and sustained damage caused by dicamba at the Northeast Research and
Extension Center (Keiser, AR) has made it impossible to accurately and fairly evaluate
other herbicide technologies in soybean at this site.

10. Dicamba and 2,4‐D, in addition to glufosinate, are effective options for controlling Palmer
amaranth in most Arkansas cotton and soybean production fields, but to state “the Enlist
system is no different from the Xtend system” is false for many reasons.


The Enlist and Xtend technologies are vastly different in terms of weed control options,
limitations, and risks.



Glufosinate can be mixed with 2,4‐D choline (see Enlist One label). Mixing two effective
herbicide modes of action is the most effective strategy for mitigating the development
of herbicide resistance (Evans et al. 2015), a tactic that can be employed in the Enlist
technology but not the Xtend or XtendFlex technologies (see Engenia and Xtendimax
labels).
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Glyphosate can be mixed with Enlist One for grass control without increasing volatility of
the mixture (Norsworthy, unpublished data). Glyphosate can be mixed with
Xtendimax/Engenia but increased volatilization results (Bish et al. 2019; Bradley 2019;
Carbonari et al. 2020; Mueller and Steckel 2019b; Zaccaro et al. 2021a, c).



Multi‐year data collected by Division weed scientists clearly show that the Enlist
technology is a viable and effective option for multiple‐resistant Palmer amaranth in
northeast Arkansas as evidenced by on‐farm research at several locations in this
geography (Houston et al. 2020). Furthermore, the Xtend technology is also effective if
sufficient time can be found to apply the herbicide without violating label requirements
and applications can be made before temperatures reach levels known to significantly
increase dicamba volatilization.

11. Complaints filed alleging off‐target injury caused by dicamba exceeds that of any other
Plant Board regulated pesticide in Arkansas history.


In the past 4 years, there have been 1,642 complaints filed with the AR State Plant
Board alleging dicamba injury compared to 52 paraquat drift complaints, 106 glyphosate
drift complaints, and 10 ALS herbicide drift complaints.



Division weed scientists frequently visit fields to diagnose crop injury caused by off‐
target movement of paraquat, glyphosate, ALS‐inhibiting herbicides, and other
herbicides. However, injury caused by off‐target movement of dicamba, as observed by
Division scientists, has increased dramatically in number, scope and severity.



Changes to the new dicamba labels over the past 4 years have not corrected the
problem of secondary movement of dicamba.



In a report to the Plant Board in 2018, Dr. Trey Koger wrote, “Dicamba‐like
symptomology was present in every city, town, and community I visited.”



The number of dicamba complaints over the past 3 years has remained constant to
slightly increasing (Figure 2). The number of yearly complaints remains about twice that
for quinclorac and 2,4‐D in the years before greater regulations were placed on both of
these herbicides.



Symptoms on Arkansas crops caused by 2,4‐D, clomazone, and quinclorac have
previously led to strong regulations of these herbicides, regardless of the yield loss
caused by the herbicides. These regulations remain in place today.



Documenting yield loss is not required by Plant Board investigators; rather
symptomology caused by chemical trespassing is documented by the Plant Board.
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The Plant Board has relied upon data from academic scientists in Arkansas and other
states to make informed decisions regarding the science of dicamba and off‐target
movement.



The Arkansas State Plant Board has used scientific data and expert opinion to regulate
2,4‐D, quinclorac, clomazone, and other pesticides in Arkansas. Understanding the
behavior of herbicides in Arkansas requires research conducted under Arkansas
conditions. Research conducted in environments starkly different from the Midsouth
can produce results that do not accurately reflect the situation within our state.
Volatility evaluations conducted in the upper Midwest, Australia, Arizona, and Texas are
examples.

Figure 2. Complaints in Arkansas in 2017 through 2020 against dicamba, glyphosate,
paraquat, and the acetolactate synthase (ALS)‐inhibiting herbicides halosulfuron,
penoxsulam, bispyribac, imazethapyr, and imazamox.
12. It was stated at a Plant Board meeting that consultants and farmers now know the rules,
and the confusion with labels and guidelines that occurred in 2017 has not occurred since.


Use of illegal (non‐labeled) dicamba formulations has been common in U.S. cotton,
according to the EPA based on findings from a 2018 survey that reported 47% of
dicamba in‐crop applications (at planting and after planting) were of a formulation other
than Engenia, Fexapan, or M1768 (XtendiMax with VaporGrip) (Chism et al. 2020).



Examination of the dicamba complaints and applicator violations found by the Plant
Board shows that, excluding 2017, there have been 47 dicamba violations found against
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commercial applicators and 496 violations against private applicators over the past 3
years.
13. Dicamba injury and yield loss from susceptible soybean varieties


Factors that influence the extent of symptomology and yield loss in soybean caused by
dicamba include soil moisture availability, growing conditions during and after exposure,
number of times the crop is exposed to the herbicide, growth stage at exposure,
number of days after exposure until maturity, and dose of the exposure (Johnson et al.
2012; Kniss 2018; McCown et al. 2018; Osipitan et al 2019; Castner et al 2021b).



Multiple exposures of soybean to dicamba are common in geographies where dicamba
use is extensive. Each dicamba exposure increases the likelihood of significant yield loss
(Meyeres et al. 2021; USB funded unpublished research summarized by Dr. Dan
Reynolds of Mississippi State University and presented to the Plant Board by Dr.
Norsworthy).

14. Criticism of observations, methods, results, and interpretations of dicamba research.


The statement that Division weed scientists “never have observed injury from volatility”
is contrary to what has been shown at open‐to‐the‐public field days, including
consultants, and other venues in which dicamba injury to non‐dicamba tolerant plants
was clearly visible. If secondary movement mechanisms including volatility were not a
major cause of this injury, there would be no effort to improve the formulation, and
research on volatility reducing agents would not be needed. There is a plethora of data
that shows dicamba, including the new formulations developed for Xtend technology,
volatilize at sufficient levels to cause injury to soybean (Behrens and Leuschen 1979;
Brabham et al. 2019; Egan and Mortensen 2012; Jones et al. 2019; Soltani et al. 2020).



Many tools are used to measure injury other than a scientist’s eyes. These tools include
yield, imagery analysis, biomass production, height, photosynthetic measurements, leaf
area index, analytical detection of the herbicide in plant or air samples, among others.
In order to publish in peer‐reviewed journals, qualitative data must be accompanied by
quantitative data. Graduate students and others working in weed science are taught
how to rate damage using photographs of the crop and weeds. This standardization
assures consistency. The Behrens and Leuschen scale (Table 1) is often used to assess
dicamba injury, and it is highly unlikely for different individuals rating injury to have
significantly different ratings. Relationships between qualitative data and quantitative
data are used to support the conclusions. For example, damage rating and yield
differences are often used.



Small‐plot research is the standard to make recommendations and educate consultants
and other clientele. Herbicides are selected and rates set based on visual assessments
in small‐plot research. All rates recommended by consultants and others originate from
12
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visual assessment data, as well as all recommendations generated and presented in
Extension‐related publications such as the MP44 Recommended Chemicals for Weed
and Brush Control. Efficacy and tolerance of herbicides are continually evaluated after
initial testing during operational application. The Division weed scientists often hear or
observe problems with particular treatments and will re‐evaluate the recommendation.

Table 1. Behrens and Leuschen (1979) soybean dicamba injury index.
Rating
0
10
20
30
40
50
60
70
80
90
100

Description
No effect, plant normal
Slight crinkle of leaflets of terminal leaf
Cupping of terminal leaflets, slight crinkle of leaflets of second leaf, growth rate
normal
Leaflets of two terminal leaves cupped, expansion of terminal leaf suppressed
slightly
Malformation and growth suppression of two terminal leaves, terminal leaf size
less than one‐half that of control
No expansion of terminal leaf, second leaf size one‐half or less than that of control
Slight terminal growth, vigorous, malformed axillary shoot growth developing
Terminal bud dead, substantial, strongly malformed, axillary shoot growth
Limited axillary shoot growth, leaves present at time of treatment chlorotic with
slight necrosis
Plant dying, leaves mostly necrotic
Plant dead

15. Palmer amaranth is resistant to several herbicide modes of action in Arkansas, but it is
possible to successfully produce soybean and cotton without dicamba as documented on
many farms throughout the state.


Dicamba resistance is real in Palmer amaranth (Peterson et al. 2019; Steckel 2020;
Unglesbee 2020; Rowsey 2021) as well as the existence of glufosinate resistance (Barber
et al. 2021). Dr. Larry Steckel in Tennessee has been vocal on social media about the
inability to control dicamba‐resistant populations of Palmer amaranth. According to Dr.
Steckel, dicamba‐resistant populations in Tennessee also exhibit resistance to Group 15
herbicides like metolachlor.



One Palmer amaranth population in Arkansas has reduced sensitivity to both dicamba
and glufosinate, and there are likely more than just this population present within the
state. If these herbicides are continued to be used as the only method of control,
resistant populations of Palmer amaranth to both herbicides will likely develop.
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16. All plants do not respond similarly to dicamba rate.


Palmer amaranth is one of the more tolerant species to dicamba, and we have yet to
observe leaf cupping or symptomology on Palmer amaranth following drift rates of the
herbicide. This was clearly shown in presentations given by Dr. Norsworthy to the Plant
Board in 2019 and 2020.



Some trees, ornamentals, and horticultural crops across the landscape where the
herbicide is sprayed during summer months are hyper‐sensitive (Dr. Trey Koger’s 2018
Plant Board report; Dintelmann et al. 2020). Unlike soybean and Palmer amaranth,
trees are perennials and chronic exposure to the herbicide year after year has long‐term
effects as seen at times with other xenobiotics and previously discussed in Discussion
Point 8. These plants are refugia for beneficial insects and provide food and habitat to
pollinators.

Conclusions
There are no scientific results that show dicamba can be used throughout the year in Arkansas
without substantially injuring crops. There is, however, an abundance of complaint data
showing that dicamba applications made in the summer months will cause a substantial
number of complaints. Complaints to the Plant Board that lead to fines originate from the
occurrence of symptomology caused by chemical trespass, not the need for documented yield
loss. Before commercialization and launch of the dicamba formulations labeled for 2017, the
Plant Board was repeatedly told by Monsanto (now Bayer CropScience) and BASF that there
would be no issues with their low volatile forms of dicamba.
We are not aware of new published or unpublished research since the last approval of the
dicamba regulations on December 2, 2020 that supports or refutes the labels or would
support a regulation change. The current science and limitations placed on testing new
volatility‐reducing agents in Arkansas lead one to question the safe use of dicamba herbicide
during the summer. There has not been a volatility test conducted in Arkansas east of
Crowley’s Ridge over the last few years, not because of a lack of need for testing, but rather a
test cannot be completed because of the extent of spraying and concentrations of dicamba in
the air sufficient to cause symptomology across the landscape.
Division recommendations to Arkansas producers whether it be pest management, agronomic
practices, or fertilization are based on sound repeatable science that has been replicated over
space and time. The new dicamba labels are the same as the old labels in regards to the off‐
target movement of dicamba, except for the addition of a volatility‐reducing agent. The
Division has not been allowed to evaluate these volatility‐reducing agents in large‐scale
research. For products to be recommended by Division scientists, they must be evaluated over
multiple years across environments. For that reason, we are unable to determine if these
volatility reducing agents are effective and therefore cannot provide an extended‐use
14
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recommendation to the Plant Board beyond what is currently known or has been already
provided.
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