
Weed Science 2016 Special Issue:585-594
fJWSSA
Aiii'MtilifiMWI,iMilM'U'i,til

Economic Barriers to Herbicide-Resistance Management

Terrance M. Hurley and George Frisvold*

Herbicide-resistant weeds are the result of evolutionary processes that make it easy to think about the
problem from a purely biological perspective. Yet, the act of weed management, guided by human
production of food and fiber, drives this biological process. Thus, the problem is socioeconomic as
well as biological. The purpose of this article is to explain how well-known socioeconomic
phenomena create barriers to herbicide-resistance management and highlight important
considerations for knocking down these barriers. The key message is that the multidimensional
problem requires a multifaceted approach that recognizes differences among farmers; engages the
regulatory, academic, extension, seed and chemical suppliers, and farmer communities; and aligns the
diverse interests of the members of these communities with a common goal that benefits all-more
sustainable weed management. It also requires an adaptive approach that transitions from more­
uniform and costly standards and incentives, which can be effective in the near-term but are
unsustainable, to more-targeted and less-costly approaches that are sustainable in the long term.
Key words: Herbicide resistance management, nonmonetary benefits, tragedy of the commons,
uncertainty, weed management.

Herbicide-resistant weeds are the result of evolu­
tionary processes that make it easy to think about the
problem from a purely biological perspective. Yet,
the act of weed management, guided by human
production of food and fiber, drives this biological
process. Thus, weed and herbicide-resistance man­
agement (HRM) are inseparably driven by socioeco­
nomic as well as biological factors. Both problems are
dynamic because weeds that escape an herbicide's
control propagate, often passing on herbicide­
resistance traits. If the same herbicide is relied on
repeatedly and widely, the primary weeds occupying
farmers' fields will become resistant to that herbicide.
The more effective and widely used the herbicide is,
the more rapidly resistance tends to emerge, which
creates an inherent tension between what is best for
managing weeds and what is best for managing
herbicide resistance (HR) . Weeds and HR can also
move across the landscape because of natural and
human-mediated forces, such that HR can emerge
even in fields where substantial effort has been
devoted to managing, it.

The purpose of this article is to explain how well­
known socioeconomic phenomena can create bar­
riers to farmer adoption of HRM practices. By
HRM, we mean applying diversified weed-manage­
ment practices to proactively prevent or delay
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resistance. Thus, HRM is more than adjusting
weed management to the presence of particular
resistant weeds once they appear. In this framework,
shifting from overuse of an herbicide with one
mode of action (MOA) to overuse of an herbicide
with a different MOA is not HRM. Rather, HRM
is explicitly forward looking, considering how
management decisions made today affect the
likelihood of resistance in the future.

Broadly speaking, the phenomena we discuss
relate to individual farmers, farming communities,
and the seed and chemical industry. These broad
categories serve to highlight how the goals of HRM
can vary across stakeholders, which makes coordi­
nation another challenge for HRM. Some consid­
erations for improving coordination to meet this
challenge are also highlighted.

A key message is that there are multiple
dimensions to the problem of herbicide-resistant
weeds. Although several of these dimensions are
reasonably well understood when viewed in isola­
tion, less is known about formulating more­
integrative solutions across stakeholders. Still,
progress can be made toward addressing the
problem by moving forward with what we do know
can work in the near term, while learning and
adapting to what we discover can also work in the
longer term.

Barriers to HRM

Individual Farmers. Economic factors are often at
the forefront in determining what steps farmers
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might take to manage resistance. A four-state survey
of cotton (Gossypium hirsutum L.) and soybean
[Glycine max (L.) Merr.] consultants found that
costs were cited as a reason for farmers not adopting
13 out of 16 different resistance-management
practices (Riar et al. 2013). Costs were cited more
frequently than any other factor (including overall
profitability). Consultants also noted that crop
output prices dictated which crops were included
in their cropping systems. Weirich et al. (2011)
added, "cost or economics was always a prominent
concern when farmers were asked about factors
involved in considering the implementation of
herbicide resistant management practices" (p.
782). Hurley et al. (2009a) found that best
management practices (BMPs) with particularly
low adoption rates (cleaning equipment, using
herbicides with different modes of action, and
using supplemental tillage) were associated with
higher weed-management costs.

Although economic factors provide important
incentives for farmers, they are not the only
motivator. The rapid and widespread adoption of
herbicide-tolerant crops, such as Roundup Ready
soybean (Monsanto, 800 N. Lindburgh Blvd., St.
Louis, MO 63167), reminds researchers that many
" "£ I· Enonmonetary factors are a so motivators. xam-
ples drawn from recent literature include simplicity,
convenience, flexibility, timing and time, crop
safety, family and worker health, water and wildlife
quality, consistency of crop protection, yield loss,
compatibility with conservation tillage, clean fields,
and land stewardship (Bonny 2007; Carpenter and
Gianessi 1999; Fernandez-Cornejoet al. 2005;
Gardner et al. 2009; Hurley and Mitchell 2014;
Hurley et al. 2009b; Marra et al. 2004; Sydorovych
and Marra 2008). When exploring many of these
factors jointly, Hurley et al. (2009b) and Hurley
and Mitchell (2014) found commonalities across
crops in terms of the most-important motivators of
farmers' weed and insect management decisions (see
Figure 1). For example, a higher percentage of
farmers rated yield protection, consistent pest
control, and family and worker safety as important
or very important motivators when compared with
cost. A more-detailed factor analysis further discerns
human and environmental health and time man­
agement concerns as general motivators of herbi­
cide- and insecticide-management decisions.

Human and environmental health concerns pose
a barrier to HRM in weed-management systems
that rely heavily on glyphosate-tolerant crops
because glyphosate is considered safer for human
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and environmental health than many alternative
herbicides (Fernandez-Cornejo et al. 2012; Nation­
al Research Council 2010). There is also evidence
that glyphosate-tolerant crops have facilitated the
adoption of conservation tillage, which reduces soil
erosion and improves ground- and surface-water
quality (National Research Council 2010). Thus,
farmers who have strong human and environmental
health concerns may be unwilling to incorporate
additional herbicides or to include more-intensive
tillage into their weed management programs to
manage HR.

The past 30 yr have witnessed an interesting trend
in U.S. farm size. Average cropland acreage has
remained relatively flat, whereas the midpoint (the
midpoint of cropland and harvested cropland acres
is the farm size at which 500/0 of u.S. cropland and
harvested cropland is above and 50% is below) of
cropland and harvested cropland acreage has
doubled (see Figure 2). What is driving this trend
is a bifurcation in farm size, resulting from many
small-acreage farms that account for a relatively
small share of total production and the fewer,
increasingly large-acreage farms that account for a
greater share of total production. For these large­
acreage farms, being able to perform operations like
seed bed preparation, fertilization, planting, pest
and disease management, and harvesting, in a
timely manner, is critical for success because of
the number of acres that must be managed. The
Riar et al. (2013) survey of southern u.S. crop
consultants found, "Time constraints correspond­
ing to lack of labor or trained employees and large
farm sizes are a critical obstacle for the adoption and
timely implementation of several HR-BMPs (her­
bicide-resistance best management practices)" (p.
793). For example, time constraints were the most
frequently noted barrier to cleaning farm equipment
to prevent the spread of herbicide-resistant weeds.

Timely management is also critical for the many
smaller-acreage farms, but for a different reason.
Time savings for these farmers makes off-farm work
feasible, so they can supplement lesser farm incomes
(Fernandez-Cornejo et al. 2005, 2007). Smale et al.
(2012) found that adoption of HR soybeans
increased both off-farm work and off-farm income
among Bolivian small holders. Thus, current trends
in farm size put a premium on weed-management
programs that are simple, flexible, convenient, and
quick, which is not always consistent with the
diverse and more-complex approaches to weed
management recommended for HRM (e.g., Nors­
worthy et al. 2012).

https://doi.org/10.1614/WS-D-15-00046.1 Published online by Cambridge University Press

https://doi.org/10.1614/WS-D-15-00046.1


Application Frequency

Soil Erosion

(a) Herbicide Use
Cost

Time Saving

Water Quality Family/Worker Safety

Wildli jj;;e"---- ----'1Il.'hlic Safety

(b) Insecticide Use
Cost

100

Water Quality

Wildlife

Family/Worker Safety

Product Gurantees

Crop Marketability ~ ~ :ii::::;;; .;J- ..J..J

Equipment
Depreciation

Long Lasting Control

Consistent Control

Time Saving

Convenience

Simplicity

-+- Corn ~ Soybean -6- Cotton --e- Canola

Figure I. Percentage of farmers ind icating an item was an important or very important consideration when choosing (a) herbicides,
or (b) insecticides (Source: derived from data reporred in Hurley et al. [2009] and Hurley and Mitchell [2014]) .

Two other interrelated socioeconomic phenome­
na that create a barrier to HRM adoption for
individual farmers are impatience and uncertainty.
There are good economic reasons for impatience.
Inflation means the value of a dollar today is less
than its value tomorrow. Alternatively, money spent
today cannot be invested to earn future interest.

However, impatience is often observed to reach
extremes when the potential for gain is immediate.
Recent research from the neurosciences suggests that
such extreme impatience for immediate rewards
may simply be a manifestation of human evolution
and a time when our biggest concern was being able
to consistently find food (McClure et al. 2004).
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Figure 2. Trend in farm size based on cropland and harvested cropland acres (Source : figure 3, p.S, from MacDonald et al. [2013]) .

Regardless of the reason, because the costs of HRM
are immediate, whereas the benefits can take some
time to emerge, farmers are continuously tempted
to delay adoption.

Uncertainty is an important aspect of farm
decision making because farming is inextricably
linked to biological processes that are not com­
pletely understood and is reliant on unpredictable
forces like weather. Like most people, farmers prefer
to know the consequences of their decisions before
making them, which makes them willing to devote
resources to reduce uncertainty. It is reasonably
straightforward for farmers to calculate the costs of
adding an additional herbicide or more-intensive
tillage to their weed-management program to delay
resistance. Other choices are fraught with greater
uncertainty. Will early season rains preclude an
application of a PRE herbicide intended to manage
HR? Which additional herbicide MOA will be
effective at managing HR in the farmer's fields?

David Miller, Director of Research and Com­
modity Services, Iowa Farm Bureau Federation,
succinctly articulated these sentiments at a summit
on herbicide-resistant weeds hosted by the National
Academies of Science, " 'What are the impediments
to using best management practices?' I believe the
primary impediment is the near-term costs associ­
ated with implementation of best management
practices to forestall a problem that mayor may not
develop at some unspecified time in the future" (p.
19, National Research Council 2012) .

It is also uncertain how fast HR will emerge or
even whether it will emerge before the next new
herbicide MOA is discovered. Farmers have less
incentive to manage resistance to an herbicide if
they believe another new herbicide will soon
become available to "solve" their problem. Fores­
man and Glasgow (2008) reported 92% of

d "h fid" "respon ents were somew at con ent to very
confident" that chemical manufacturers would
develop new products to address glyphosate resis­
tance within 3 to 5 yr. Llewellyn et al. (2002)
surveyed 132 Western Australian grain farmers
about their beliefs concerning the future availability
of new herbicides to address rigid ryegrass (Lolium
rigidum Gaudin) resistance to acetyl coenzyme A
carboxylase (ACCase)-inhibiting herbicides. Most
(52%) believed an effective substitute would
become available within 6 yr, 86% believed one
would become available within 10 yr, and 21%
believed the most likely time would be 3 yr or less.
A large proportion of farmers believed that ACCase­
inhibiting herbicides would effectively control
weeds on their fields for enough years to provide a
bridge to the next new herbicide. Llewellyn et al.
(2002) notes that farmers are likely unaware of the
number of years it takes to commercially develop a
pesticide. This is a process that can take 11 yr in the
United States (Ollinger and Fernandez-Cornejo
2010), and Llewellyn et al. (2002) argue that it
can take even longer in Australia. In another survey
from Australia, Llewellyn et al. (2007) found that
farmers who believed new herbicides would be

588 • Weed Science 64, Special Issue 2016

https://doi.org/10.1614/WS-D-15-00046.1 Published online by Cambridge University Press

https://doi.org/10.1614/WS-D-15-00046.1


available soon were less likely to adopt resistance­
management practices, compared with farmers who
were uncertain about the availability of new
chemistries. Thus, farmers who are overconfident
about the availability of these new chemistries will
be less inclined to adopt HRM.

Farmers have formed such expectations based on
the past record of chemical companies providing
new chemistries that address immediate resistance
problems. Following development of triazine-resis­
tant weeds, farmers were able to switch to
acetolactate synthase (ALS)-inhibiting and AC­
Case-inhibiting herbicides. When weeds evolved
resistance to ALS-inhibitors and ACCase-inhibitors,
the introduction of glyphosate-resistant crop varie­
ties allowed farmers to switch to glyphosate
(Norsworthy et al. 2012). Miranowski and Carlson
(1986) considered the role of pesticide prices in
farmer decisions to manage resistance. If new
pesticides are being commercialized regularly,
farmers have little incentive to manage resistance
to older pesticides. From the early 1960s to early
1980s, prices of pesticides rose more slowly than
other agricultural inputs did. Frisvold and Reeves
(2010) found that this pattern continued up to
2010 for herbicides. Miranowski and Carlson
(1986) argued that the failure of pesticide prices
to rise relative to other inputs signaled to farmers
that resistance was not threatening the abundance of
effective pesticides.

Combining relatively certain and immediate
HRM costs with uncertainties about future HRM
benefits reinforces the barriers to HRM adoption
that impatience erects. Farmer confidence that new
compounds will become available may well be
misplaced, however. Chemical companies have
introduced no new herbicide sites of action since
HPPD inhibitors, which were introduced in 1982,
more than 30 yr ago (Green 2014; Heap 2015).
This is a remarkably different experience for farmers
compared with the half century before the discovery
of HPPD inhibitors when new herbicide sites of
action were discovered about every 2 yr on average
(Heap 2015).
Farm Community. Miranowksi and Carlson
(1986) also demonstrated how an individual farmer
has an incentive to manage pesticide resistance when
a pest population is relatively immobile. In this case,
the farmer can take actions to prevent resistance,
weighing costs and benefits, with a certain confi­
dence in the consequences of their HRM decisions.
HRM becomes much more challenging if pests are
mobile. If farmers believe preventing weed resis-

tance is beyond their direct, individual control and
requires collective farmer action, they will have less
incentive to individually incur the additional costs
of trying to delay resistance. Gould (1995) noted
that insect mobility was a particular problem in
managing insecticide resistance. With high mobil­
ity, the susceptibility of insects to an insecticide is a
resource openly available to all farmers, which is
also known as a common pool resource. With
nothing to prevent an individual farmer from
overusing an insecticide and depleting susceptibility,
insecticide-resistance management could face the
Hardin (1968) "tragedy of the commons." Gould
(1995) argued that the possibility that some farmers
may deplete susceptibility would discourage farmers
from incurring costs to manage resistance. Effort
and money on resistance management would be
wasted if resistant insects from other farms (that did
not manage resistance) moved into their fields.
Gould (1995) further argued that because of
differences in population structure, that resistant
weeds would be less mobile and, therefore, more
subject to a farmer's individual control. Yet, he
added that although this was likely, "detailed
theoretical and empirical studies are needed to
examine this question more carefully" (Gould
1995, p. 834)

Early literature on the economics of HR tended
to assume that individual farmers had a high degree
of control over resistance and that common pool
resource-management problems were not significant
(e.g., Llewellyn et al. 2006; Pannell and Zilberman
2001). This has been reflected in early economic
models of optimal HRM (see Renton et al. 2014).
The belief that weeds lacked mobility also helps
explain the u.s. Environmental Protection Agency's
(EPA's) decision to implement resistance-manage­
ment requirements for plant-incorporated protec­
tants, like (Bacillus thuringiensis) Bt corn (Zea mays
L.) and cotton, which control mobile pests like the
European corn borer (Ostrinia nubilalis) , cotton
bollworm (Helicoverpa zea) , tobacco budworm
(Helicoverpa armigera), or pink bollworm (Pectino-
phora gossypiella) , but not for herbicide-tolerant
crops, like Roundup Ready soybean (Frisvold and
Reeves 2010).

There is growing evidence suggesting that, in
some cases, resistance can move via many routes.
These include seed and pollen dispersal by wind,
water, animals, farm machinery, and crop residues
transported over long distances for livestock feed
and other purposes (Busi et al. 2008; Hanson et al.,
2009; Hidayat et al. 2006; Liu et al., 2012; Lu et al.
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2007; Michael et al. 2010; Murray et al. 2002;
Nordby et al. 2007; Powles and Preston 2006;
Rieger et al. 2002; Sosnoskie et al. 2009, 2012).
Social scientists now acknowledge that the mobility
of herbicide-resistant weeds may be greater than
previously thought (Ervin and Jussaume 2014;
Frisvold and Reeves 2010; Llewellyn and Pannell
2009; Marsh et al. 2006).

Regardless of whether HR is a common pool
resource-management problem, there is evidence
that farmers believe it is. In a survey of Ohio
farmers, Wilson et al. (2008) found 970/0 attributed
weed infestations to wind, whereas 870/0 attributed
infestations to wildlife, 800/0 to birds, and 530/0 to
waterways. A large share of infestations is also
attributed to farm machinery-770/0 identified
tillage equipment, and 670/0 identified harvest
equipment. Nearly one in four respondents (23%)
believed that infestations were attributed to poor
weed management on neighboring fields. In a
survey of Australian farmers, about 700/0 of
respondents suspected that their neighbors were
the ultimate source of herbicide-resistant weeds on
their farms (Llewellyn and Allen 2006). Many of
these farmers also believed that neighboring farmers
would be an important source of resistant weeds
coming to their fields in the future.
Seed and Chemical Industry. Trends in the seed
and chemical industry have been to integrate more
of the weed, insect, and disease management into
the seed farmers buy (Shi et al. 2013; Stiegert et al.
2010). This is accomplished by genetically engi­
neering (GE) seed with multiple plant-incorporated
protectants (PIPs) or multiple herbicide-tolerance
traits: corn with Cry1Ab, Cry1F, Vip3A, mCry3A,
and eCry3.1Ab PIP traits; glyphosate- and glufosi­
nate-tolerance traits; and soybean with 2,4-0-,
glyphosate-, and glufosinate-tolerance traits (Green
2012; Green et al. 2008). This bundling of traits
means that insect, weed, and disease management
considerations may enter simultaneously into farm­
ers' seed-choice decisions (Onstad et al. 2011).
Alternatively or additionally, seed is increasingly
treated with cocktails of insecticides and fungicides,
such as the combination of thiamethoxam and
abamectin insecticides, and thiabendazole, fludiox­
onil mefenoxam, and azoxystrobin fungicides
currently found in some seed-corn treatments
(Munkvold et al. 2014).

Integrating insect, weed, and disease protection
into seed has advantages for farmers and the seed
and chemical industry. For farmers, using PIPs and
seed treatments are simple, convenient, and time
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saving because insect and disease management are
accomplished by simply planting seed. Although
farmers must apply herbicides when planting
herbicide-tolerant crops, farmers have found weed
control with these crops to be simpler, more
convenient, more flexible, and to save more time
because the herbicides have a broad spectrum of
control (Carpenter and Gianessi 1999; Fernandez­
Cornejo 2005, 2007). From the chemical and seed
industry's perspective, integrating multiple GE
traits simplifies and reduces seed production and
distribution costs because fewer different types of
seed varieties must be produced, inventoried, and
marketed (Shi 2009). Integrating multiple GE traits
with seed treatments also increases the value of the
seed to farmers making it possible for the companies
to market the seed for a higher price (Shi and
Chavas 2011).

There are disadvantages to this integration too
because it can elicit unintended behavioral responses
from farmers. For example, if the only PIP corn
seed a farmer can purchase to control corn
rootworm comes with a glyphosate-tolerance trait,
a farmer may be inclined to use glyphosate for weed
control even if some other herbicide would be more
effective in terms of both weed control and
managing HR (National Research Council 2012).

The exclusivity of patents for herbicide com­
pounds can provide an incentive for the patent
holder to promote HRM (at least for the life of the
patent) to capture higher returns from its research
and development. Miranowski and Carlson (1986)
provide extensive discussion of the role of patent
protection in insecticide-resistance management. It
is commonly accepted in the economics literature
that exclusive rights over a resource can encourage
conservation in fisheries, mining, oil, and forestry
(Clark 1976; Oasgupta and Heal 1980; Fisher
1981). For example, during the life of a chemical
patent, a monopolist maximizes profits by charging
a higher price, which limits sales of the chemical
and slows the evolution of resistance. However,
once a patent expires, generic versions of the
chemical can be produced and sold by many
companies, increasing competition. With increased
competition, the profitability of producing the
chemical decreases, lowering the value of managing
resistance, and creating a "tragedy of the commons"
for companies. Indeed, when glyphosate went off
patent in 2000, generic versions became available at
much lower costs, which spurred even greater
glyphosate use. It also discouraged use of other,
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more-selective herbicides (Green 2009), reducing
the diversity of MOAs in use.

One approach to address glyphosate-resistant
weeds is to "stack" multiple resistance traits in
individual crop varieties (Green et al. 2008).
Companies are developing new crop varieties that
combine glyphosate resistance with resistance to
herbicides with different MOAs (Green et al. 2008).
For example, there are now varieties with glyphosate
resistance and resistance to different ALS-inhibiting
herbicides. Such stacked varieties will be combined
with herbicide blends with different MOAs.
Because these blends will be mixtures of currently
registered herbicides, they may receive regulatory
approval relatively quickly.

Applying herbicide mixtures to crops with
multiple HR can reduce reliance on a single
MOA and-in theory-delay resistance. This
theoretical delay hinges on two assumptions:
resistance to each MOA in a mixture is rare and
occurs independently. This means the probability of
resistance to two MOAs is the product of two small
proportions, which yields an even smaller propor­
tion (Mortensen et al. 2012). However, relying on
the rarity of independent events is problematic
given many weeds are already resistant to glyph­
osate, some to ALS inhibitors, and some are
resistant to both (e.g., Legleiter and Bradley
2008). Indeed, the list of weeds that are resistant
to multiple herbicides continues to grow (Heap
2015; Mortensen 2012).

Toward Multifaceted HRM

The distinct incentives of farmers, individually
and as a group, and the seed and chemical industry
create a variety of potential barriers to HRM.
Importantly, they create a complex problem, often
referred. to as a principal-agent problem, in which
the goals of the larger community (e.g., more­
sustainable weed management) are not completely
aligned with the goals of individual members of that
community (e.g., profitable, simple, convenient,
and safe weed management for farmers; and
increased product market share for seed and
chemical suppliers). The challenge is to develop
and implement standards or incentives that align
the goals of the community with all of its members.
Meeting this challenge requires a multifaceted
approach that engages the farmer, agricultural
retailer, crop consultant, seed and chemical suppli­
er, and academic, extension, and regulatory com-

murutres and coordinates all these interests as a
common objective.

The principal-agent nature of the problem means
that some "authority" must be prepared to take
leadership in the design and implementation of the
standards or incentives needed to align community
interests. This authority could be a government
agency (e.g., u.s. Department of Agriculture or the
EPA), a farmer organization (e.g., National Cotton
Council, United Soybean Board, or National Corn
Growers Association), a farmer cooperative (e.g.,
CHS Inc., 5500 Cenex Drive, Inver Grove Heights,
MN 55077), an industry group (e.g., the Herbicide
Resistance Action Committee), or public-private
partnership between a government agency and
farmer or industry group.

When considering what types of standards or
incentives are likely to be effective, uniformity
should be avoided if possible because it raises costs.
For example, Frisvold and Reeves (2008) found that
allowing nonuniform requirements for Bt cotton
refuges reduced the costs of refuge compliance by
up to 38%. Other examples in which additional
costs were associated with uniform regulations
include Sunding (1996) with insecticides, Yarkin
et al. (1994) with fungicides, and Yang et al. (2003)
with environmental land retirement. The reason it
raises costs more than necessary is due to the
heterogeneous nature of agriculture. This includes
heterogeneity across farm operations (e.g., soils,
topography, climate, enterprise mix, and geopolit­
ical region) and farmers (e.g., experience and plans
to remain in farming, tenure on operated land,
human and environmental health concerns, time­
management concerns, impatience, and aversion to
uncertainty).

Heterogeneity can also relate to differences in the
weeds themselves. Here, the mobility of resistant
weed seed and pollen is a critical consideration. In
cases in which weed species are not especially
mobile, the efficacy of an herbicide is a private
resource. Farmers can control the pace of resistance
on their own fields by their own actions. One role of
extension would then be to educate farmers about
the long-run benefits of delaying resistance. Indi­
vidual farmers can weigh the short-term vs. the
long-term consequences of their actions to make
resistance-management decisions. In cases in which
weeds are highly mobile, however, the ability of
individual farmers to delay resistance may be more
sensitive to the behavior of neighbors. Here, farmers
are more likely to face the "tragedy of the
commons" in which farmers perceive their individ-
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ual efforts at resistance management to be futile
(Webster and Sosnoskie 2010). This represents a
more-challenging case in which policies and
incentives would be needed to encourage coopera­
tive resistance-management among groups of farm­
ers.

Additional considerations for designing effective
standards are whether they are voluntary or
mandatory. To be credible, mandatory standards
require the ability to monitor conformance and
enforce sanctions for nonconformance. Alternative­
ly, when incentives are employed, they can be either
"carrots,"" subsidies for positive actions, or "sticks,"
taxes or sanctions for negative actions. As with
mandatory standards, effective incentive programs
require the ability to monitor the actions upon
which the incentives are based, so appropriate
subsidies can be paid, taxes collected, or sanctions
imposed. To avoid high costs, incentives should not
reward-positive actions that would have taken place
even without them. Finally, the long-term sustain­
ability of a standard or incentive must be
considered. Standards that are expensive to monitor
or incentives that pay handsomely for the adoption
of HRM practices may be feasible in the short term
in response to a crisis, but such high costs are not
sustainable in the long term.

Summary and Conclusion

Weed management and HRM are inextricably
linked and driven by socioeconomic, as well as
biological, factors. Therefore, strategies to manage
HR are bound to fail if they do not account for key
socioeconomic phenomena that are driving farmer
behavior. The purpose of this article was to provide
an overview of well-known economic phenomena
that are likely to create barriers to HRM. From an
individual farmer perspective, human and environ­
mental health concerns, time management con­
cerns, impatience, and aversion to uncertainty create
barriers. From a farm-community perspective, the
mobility of weeds and HR because of natural and
human-mediated forces can create a "tragedy of the
commons"" barrier. From a seed and chemical
industry perspective, the integration of a farmer's
insect-, weed-, and disease-management decisions
with their seed decision and competition for
increased market share can create barriers.

Which of these potential barriers is the biggest
obstacle to HRM is not known. Importantly, which
barrier is the biggest obstacle certainly varies across
regions of the country, cropping systems, and even
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individual farmers. Therefore, increasing HRM
adoption requires a multifaceted approach that
recognizes the differences among farmers; engages
the regulatory, academic, extension, seed and
chemical supplier, and farmer communities; and
aligns the diverse interests of the members of these
communities with a common goal that benefits
all-more-sustainable weed management. It also
requires an adaptive approach that transitions from
more-uniform and costly standards and incentives,
which are effective in the near term but unsustain­
able, to more-targeted and less-costly standards and
incentives that are sustainable in the long term.
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