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It has recently been suggested that herbicide
resistance (HR) is a “wicked” problem (Barrett et al.
2016; Shaw 2016), i.e., it is a problem “without
clear causes or solutions.” To say that HR is a
problem without clear causes or solutions is an
affront to much that weed scientists know about
HR. Almost all weed scientists agree that HR evolves
rapidly when the same herbicide mechanism of
action is overused. Furthermore, almost all weed
scientists agree that one can delay the evolution of a
specific HR problem by using a specific herbicide
mechanism of action less frequently. Weed science
credibility and progress requires admission that
herbicides should be used less frequently; integrated
herbicide management is not the answer (Harker
et al. 2012; Mortensen et al. 2012). The real
problem is to find suitable herbicide alternatives so
growers can use herbicides less often.

It may be correct to suggest that convincing
industry and growers to manage HR for long-term
sustainability is a “wicked” problem. Jussaume and
Ervin (2016) state that “there is no consensus as to
why some growers do not diversify their tactics.” It is
difficult to convince growers that the simple, rela-
tively cheap, and very effective herbicide approach
should be balanced with approaches that are more
complicated and that may be more expensive and
less effective. Industry representatives and exten-
sion personnel, from whom growers receive a large

proportion of their information, are likely to suggest
that alternatives to herbicides mean returning to
hard times. However, Ervin and Jussaume (2014)
suggest that a “technology-focused approach” to HR
management may not only increase HR but also
make it worse by “delaying the development of
holistic approaches.” Coble and Schroeder (2016)
note that it is critical that those suggesting HR
management recommendations are “sending the
same message and that message is based on sound
science.” The message cannot be “we do not know
how the problem is caused and we do not know how
to solve it.” The message should be clear—practice
true integrated weed management and find ways to
scale back herbicide use.

Given the fact that no major new herbicide
mechanism of action has been registered for almost
25 yr (Duke 2012), one might assume that the
herbicide industry would wish to “carefully steward”
existing herbicides. Unfortunately, true stewardship,
which would necessitate limiting sales volume,
conflicts with the reality of the herbicide industry’s
business model, which necessitates maximizing
profit during patent-protection periods. Herbicide
registrations and sales practices in the generic
(off-patent) herbicide business also are motivated
by profit maximization. While the research and
development divisions of herbicide companies may
view herbicide sales strategies as being at odds with
HR management, it is difficult to imagine an
effective and long-lasting sales team whose goal is to
restrain sales. Sales divisions hire people who are
“good at selling things.” Furthermore, should one
company decide to practice good stewardship and
limit sales volume, it is certain that a competing
company would quickly and happily step into the
farmer-client and treated-acre sales void. The latter
dynamic makes it extremely difficult for companies
to cooperate with one another in the interest of
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preserving herbicide efficacy. Accordingly, it is not
surprising that a company with a long-term herbi-
cide stewardship plan has yet to come forward.
Herbicide sales strategies are made at the marketing
level. Weed scientists who think the herbicide
industry will want to forgo profits to maintain
product durability are ignoring the overwhelming
drivers of business motivation.

This is where the Weed Science Society of
America (WSSA) should play the role of a science
discipline. As the leading scientific society for
researchers who study weeds and their management,
the WSSA should be providing “science-based
information to the public and policy makers,” as
described in their mission statement (WSSA Mission
Statement, emphasis added). The science is clear;
the only way to prevent or delay HR over the long
term is to minimize the use of herbicides. The
science is clear, too, that crops can be produced
without heavy reliance on herbicides, but this
requires diversification of cropping systems and true
integrated weed management (Davis et al. 2012;
Harker et al. 2016). Yet, these are not the consistent
messages coming from the WSSA or its flagship
journals. Why not? The answer is likely due, in large
part, to the weed science discipline’s historical legacy
and close association with the chemical industry.
Indeed, the discipline was born largely out of
World War II–era advances in chemistry and the
nascent chemical industry it spurred (Zimdahl
1991). That the partnership between the science and
the industry remains strong today is reflected in the
heavy industry representation among the society’s
membership at large and among its governing board
members, as well as the overwhelming represen-
tation by industry among sponsors of the society
and its annual meetings (e.g., the six presidential-
level sustaining members of WSSA are: BASF,
Bayer CropScience, Dow AgroSciences, DuPont,
Monsanto, and Syngenta).

We would argue that real solutions to the HR
problem will not occur until the industrial profit
motive is removed from the dilemma and the science
is not conflicted. On the one hand, the herbicide
industry directly influences the practices adopted
by growers through the markets they have worked
to develop with growers and local co-ops (local
distributors). On the other hand, the close public–
private sector relationship between industry and
public sector scientists is another way herbicide-
based solutions are reinforced. There is a very real
conflict of interest that arises when private sector
sources of applied research funds reinforce reliance

on herbicidal solutions (Davis et al. 2009). Incen-
tives and regulations need to be explored that are
independent of the influence of the herbicide
industry. The science is largely in place (Mortensen
et al. 2012) to create real regulation and incentive
programs, not to mention real on-the-ground
nonconflicted solutions (e.g., Walsh et al. 2013).

Ultimately, growers and their consultants are
responsible for the decisions that will significantly
delay HR evolution. In the field, where HR evolu-
tion occurs, farm-level decisions to accept less short-
term profit for longer-term sustainability will have
the largest impact on HR management. It will not
be an easy transition; herbicides are the easiest and
most effective (Maxwell and O’Donovan 2007)
form of weed management, and externalities asso-
ciated with their use go largely unaccounted for.
Also, their widespread adoption enabled farms to
increase in size (MacDonald et al. 2013), further
challenging tractable, ecologically oriented solutions
on larger farms. It is clear that appropriate farm-level
HR management decisions are not enhanced when
weed scientists suggest HR is a problem without
clear causes or solutions. It is also clear that policies
and incentives designed to encourage tractable
farm-level solutions (Mortensen et al. 2012) are not
informed by the best science when the nature of
the problem and its causes and effects are not
represented or are misrepresented. To state there is a
consensus among weed scientists that HR is without
a known cause or lacks clear solutions is not
supported by the growing body of science in ours
and in related pest management disciplines.
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