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Herbicide resistance in weeds is an issue that’s nearly as old as the

development of herbicides themselves, with the first case reported in the

late 1950s. In the 1990s resistance to the ALS-inhibiting herbicides (suflonyl

ureas and imidazolinones) was widespread and, until the introduction of Roundup

Ready crops, posed major problems in almost every cropping system nationally.

Roundup Ready was an extremely effective tool for weed management, and

quickly eliminated the problem, or so it seemed.

In the past few years, however, herbicide resistance has reemerged with a

vengeance, this time to glyphosate. Because of the widespread and sole reliance

on glyphosate year after year, tremendous selection pressure was placed on these

cropping systems, and with millions of corn, soybean, cotton and canola acres

using glyphosate every year, resistance was inevitable. Glyphosate resistance has

become a prominent issue nationally in the past few years.

Herbicide Resistance:  

A Crisis in  
the Making 
The course for combatting herbicide resistance is clear.  
The question is, are growers willing to adopt more  
sustainable weed management practices?

By David Shaw, Jason Norsworthy and Sarah Ward  
Herbicide Resistance Education Committee, Weed Science Society of America
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Frustratingly, we usually know what 

to do about it. Weed Science 101 

taught us about the changing nature 

of weeds to different management 

practices. However, Roundup Ready 

was quick and easy, and early on many 

were convinced that we wouldn’t see 

problems with glyphosate resistance 

because of its unique mechanism of 

action. This ignored the intensity of 

selection pressure of millions of acres. 

Now growers are faced with some 

difficult choices. Their entire farming 

operation has been built around 

Roundup Ready, with reduced tillage, 

less equipment and larger farming 

operations because of the quick and 

easy, no-thought-required Roundup 

Ready system. 

With the emergence of glyphosate 

resistance, we’ve begun dusting off 

the old standby practices we took for 

granted. Things like scouting fields for 

weeds, reliance on multiple herbicides 

with different mechanisms of action, 

more preemergence herbicides and 

knowledge of weed identification and 

weed growth characteristics. 

The following are the best 

management practices that a group of 

weed scientists published in a special 

issue of the scientific journal Weed 

Science in 2012 (volume 60, pgs. 31–62; 

this issue is freely available at http://

wssajournals.org/toc/wees/60/sp1) and 

from Outlooks on Pest Management, 

June 2103.

Best Management Practices
1. Understand the Biology of the 

Weeds Present. Developing a 

comprehensive strategy to prevent 

or mitigate the impact of herbicide 

resistance requires knowledge of 

the biology and ecology of the 

weed species present. This includes 

understanding weed emergence 

patterns, developmental stages, 

fecundity, dispersal mechanisms 

and persistence of weed seed in 

the soil seed bank. Without this 

understanding, it will be impossible 

to devise strategies that manipulate 

the growth environment to 

capitalize on weaknesses in the 

life cycle and reduce the weed 

population. 

2. Use a Diversified Approach to 

Weed Management Focused on 

Reducing Weed Seed Production 

and the Number of Weed Seeds 

in the Soil Seed Bank.1 Since 

the development of selective 

herbicides, growers and weed 

managers have increasingly 

relied on these compounds to the 

exclusion of other techniques. A 

diverse, ever-changing approach 

to weed management is essential 

so that selection pressure from any 

single weed control technique is 

kept low. A primary goal of any 

sustainable management strategy 

is the elimination of weed seed 

production that will replenish the 

soil seed bank. As an old English 

proverb states: “One year’s seeding 

makes seven years’ weeding.” 

Unfortunately, the concept of an 

acceptable amount of weed seed 

production is strongly embedded 

in the threshold concept of weed 

management, wherein weed control 

is only implemented when weed 

populations reach levels sufficient 

to cause economic losses. These 

thresholds usually only consider 

economic costs and returns in the 

year of application, rather than 

taking a longer-term view of weed 

population increases from an 

expanded soil seed bank, and they 

have never adequately accounted 

for the threat of herbicide 

resistance evolving.

3. Plant into Weed-Free Fields 

and Keep Fields as Weed Free 

as Possible. Once a crop has 

been planted, options for weed 

control are dramatically reduced, 

for example, because the grower 

may now be restricted to using 

only selective postemergence 

1  The soil seed bank is the natural storage of seeds, often 
dormant, within the soil. All viable seeds present on or in 
the soil or associated litter constitute the soil seed bank. 
Seed banks may be transient, with seeds that germinate 
within a year of initial dispersal, or persistent, with seeds 
that remain in the soil more than one year. (Mary Allessio 
Leek, V. Thomas Parker and Robert L. Simpson, Ecology 
of Soil Seed Banks, pg. 3)

Herbicide resistance has reemerged with a vengeance, with glyphosate resistance being the 
biggest offender. 
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herbicides or because other tools

such as tillage may be unusable.

Of particular importance,

therefore, is the effective use of

pre-plant, non-selective herbicides

to begin with a clean seedbed,

and soil-applied herbicides that

can provide extended periods of

residual control. Throughout the

growing season, the focus must

then be on removing any weeds

that have escaped earlier control

measures, since these may be plants

genetically adapted for herbicide

resistance that will produce seed

leading to increasingly widespread

resistance in future populations.

4. Plant Weed-Free Crop Seed.

Planting weed-free crop seed

should be considered an essential

first step in resistance management,

as introducing new weeds—

especially resistant ones—into

fields is self-defeating from a

proactive weed management

Changing grower behavior will depend on more effective 
educational programs that focus on proactive, sustainable 
weed management practices rather than simplistic, reactive 
annual strategies.

Planting weed-free crop seed is an essential first step in resistance management.
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standpoint. A recent survey of crop

seed in Australia saved by growers

indicated that 73% of samples were

contaminated with weed seed, and

among the weed seed recovered,

rigid ryegrass (Lolium rigidum)

had resistance to four different

herbicides.

5. Scout Fields Routinely. Walking

fields regularly to determine the

presence and identity of emerged

weeds is an essential element of

any weed management program,

but it is crucial to prevent

population increase and the spread

of herbicide-resistant weeds.

Weeds identified through the

scouting process must be accurately

identified and eliminated. This

requires a systematic approach

to complete-field coverage, thus

ensuring detection of any escapees

before they grow in size. An

end-of-year weed scouting effort

provides an overall assessment of

the success or failure of the weed

control measures used and is a

critical tool in preventing weeds

from producing seed to increase the

soil seed bank. Recordkeeping is

also important, as assessment of the

effectiveness of the previous year’s

weed management program is a

first step in developing a strategy

for the following year.

6. Use Different, Effective Modes of

Action (MOAs) against the Most

Troublesome Weeds and Those

Prone to Herbicide Resistance.

The single greatest risk factor for

herbicide resistance evolution is

repeated application of herbicides

with the same MOA. While the

occurrence of resistant individuals

in a weed population not previously

exposed to the target herbicide is

rare, the proportion of resistant

individuals will rapidly increase

with repeated use of the same

herbicide MOA. Use of different

effective MOAs can be achieved by

annual rotations, tank mixtures and

sequential applications. Modeling

studies have demonstrated that any

of these practices can substantially

delay, if not eliminate, the evolution

of herbicide resistance. However,

stress must be placed on the term

“effective”; using two herbicides,

with only one being effective

against a particular species, does not

reduce selection pressure from the

effective MOA. This BMP can also

be an effective tool once resistance

has evolved.

Unfortunately, growers prefer

to continue using a herbicide

that provides effective control of

susceptible weeds, only adding a

second product when necessary to

control resistant plants. This is not

using different effective MOAs,

since one of the two herbicides is

no longer effective on all the weeds

present. Hence, it is extremely

important that weed escapees

be tested for resistance to those

herbicides applied within the

cropping year to establish whether

all herbicides are still effective weed

control options in subsequent crops.

Herbicide-resistant crops

provide a valuable tool for

weed management. In fact, the

introduction of glyphosate-

resistant crops averted a looming

disaster from weeds resistant

to the acetolactate synthase

(ALS)-inhibiting herbicides

that were in widespread use

in soybeans during the ’90s.

Herbicide-resistant crops provide

the producer with additional

options for herbicide MOAs not

previously available for use in that

crop, and new herbicide-resistant

crops with stacked traits such

as 2,4-D, dicamba, isoxaflutole

and mesotrione resistance are

anxiously anticipated from a

Repeated exposure of a weed population to less-than-
labeled rates of a herbicide increases the risk of incremental 
enrichment of the gene pool with minor resistance alleles, a 
phenomenon termed creeping resistance. 

Number of herbicide-resistant weed species by crop. Source: Dr. Ian Heap, WeedScience.org 2014
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herbicide resistance management

standpoint. However, overreliance

on any single herbicide MOA will

result in the evolution of resistance

to that MOA, as has happened

with glyphosate-resistant crop

technology. Thus, it will be

imperative that any new herbicide-

resistant crop technologies be

viewed in a larger context as

a tool in herbicide resistance

management, rather than the next

“silver bullet” to save us from the

current resistance crisis.

7. Apply the Labeled Herbicide

Rate at Recommended Weed

Sizes. As noted earlier, weed

science in the past focused on

economic threshold-based weed

management, in which weeds were

allowed to exist as long as they

were below economic thresholds

causing significant yield loss. In

addition, a great deal of emphasis

was placed on using herbicide

application rates as low as possible

to maximize economic returns.

Another common practice within

glyphosate-resistant crops was to

delay applying herbicides in an

attempt to control a greater number

of weeds per application and

reduce the number of applications

needed within the crop. The later

tactic resulted in applications being

made to weeds larger than those

recommended on the glyphosate

label. These approaches, however,

did not take into account the

challenge posed by the development

of herbicide resistance. Repeated

exposure of a weed population

to less-than-labeled rates of a

herbicide increases the risk of

incremental enrichment of the gene

pool with minor resistance alleles,

a phenomenon termed creeping

resistance. Over time this gradual

accumulation of minor alleles can

lead to agronomically significant

levels of resistance.

Do GMOs Cause Superweeds?

Dr. Wayne Parrott from the University of Georgia’s Department of Crop and
Soil Sciences discussed herbicide resistance during a presentation about 

genetically modified organisms (GMOs) at the Chemical Session of NAAA’s 
2013 Convention & Exposition. 

The popular press has accused genetically modified crops as being the cause 
of superweeds, which is a false premise, professor Parrott said. Herbicide use 
has historically created resistant weed species, and one of the main reasons 
herbicide-tolerant crops became popular was their ability to treat the resistant 
weeds present at the time of their invention. In fact, a look at the total number 
of resistant weed species finds that most are due to conventional agriculture, 
not transgenic (GMO) agriculture. However, that doesn’t mean resistance 
occurring within GM crops isn’t a serious problem, Parrott noted. Glyphosate-
resistant weeds are spreading rapidly. 

Like our cover story, Parrott stated that the origin of superweeds is a 
management issue—overuse of the same herbicide. “In the case of GM 
[agriculture], there was really only one engineered resistance [for several 
years], so there was only one herbicide that could be used. You couldn’t 
rotate—and the main fault for that was, quite frankly, the European Union 
moratorium of 1998,” Parrott said. Strategies to proactively prevent herbicide 
resistance include mechanical control, cultural control and using multiple 
herbicides. Mechanical control is the use of various types of tillage programs, 
whereas cultural control involves the use of crop management, rotation, cover 
crops and hygiene. Reactive management means recognizing herbicide-
resistant weeds early and adapting management strategy to control them. In 
terms of herbicides, the key is to rotate herbicide modes of action (MOA). New 
herbicide tolerances are being developed so rotating MOAs will get easier over 
the next several years, Parrott said. New technology based on RNA (ribonucleic 
acid) involves trying to trick a plant into thinking its genes that protect it from 
the herbicide are actually an invading virus so that the plant silences that gene. 
Scientists are currently waiting to find out EPA’s opinion on this technology. 

GMOs do require management and stewardship, Parrott concluded—not 
because they are dangerous, but because they are extremely effective, and this 
effectiveness must be protected from resistance development. 
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Herbicide Resistance: What Does It Mean to You?
By Brad Fritz, Ph.D., USDA-ARS Aerial Application Technology Unit, Agricultural Engineer
Scott Bretthauer, Ph.D., University of Illinois, Extension Specialist

After reading the cover story on herbicide resistance, it ought to
be apparent that herbicide resistance is, or will be, something

you will be dealing with as part of your daily business. So let’s take
a look at how herbicide resistance can impact your bottom line and
things you can do to help your farmers and customers.

How can herbicide-resistant weeds impact
your business?
Severe instances of weed infestations can cause a farmer to
completely abandon a field. This is just like losing a field to a
competitor and since trips over a field are what pay the bills, this is a
direct loss to your business. In moderate cases of infestation, farmers
have a couple of different options. They may choose to mechanically
weed the field, which means they may not need your services. They
can rotate to a crop that does need the same level of spray inputs,
which means fewer trips over the field. Some farmers are choosing
to plant cover crops and leave a field in fallow for a year or two. This
is not meant to be doom and gloom but rather a wakeup call to those
applicators who are not already “knee deep” in the problem.

What are some steps that you, as an applicator,
can take to help your growers manage fields 
where herbicide-resistant weeds are located? 
One of the management practices specifies applying herbicide at
labeled rates, sizes and timing with respect to plant size. By ensuring
that you apply herbicide at specified labeled rates and spray quality
following proper aerial application methods, you ensure maximum
product efficacy in the field. As part of a complete application

treatment, make sure field edges and areas around field obstacles
are treated. Other management strategies include planting into
weed-free fields and regular field scouting for the presence of weeds
post-application. Field scouting from the ground can be an expensive
and time-consuming effort, while aerial observations can be done
quickly and, potentially, as part your normal treatment and/or ferrying
activities. This type of information provides your grower valuable
management data. Ongoing research is also looking to provide
applicators with affordable, easy-to-use imaging systems that can be
used to automatically acquire and generate field images to be used in
weed management programs.

Given that one of the major management strategies is the use of
multiple herbicide modes of actions, another potential benefit you
can provide your growers is tracking of chemical use patterns.
While you cannot dictate treatment strategies, alerting a grower that
multiple applications of the same product have occurred, particularly
if in response to poor or incomplete control from a previous
application, can help prevent the development of resistant weeds
in a given field. In addition to things you can do to help manage
resistance, one of the benefits of aerial application, versus ground
applications, is no weed seed transport between fields—another of
the management practices listed—since aircraft go over the fields,
not in them.

In summary, while you cannot manage or prevent the spread or
development of herbicide resistant weeds on your own, you can break
the chain of events that ultimately leads to herbicide resistant weeds. w
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8. Emphasize Cultural Management

Techniques that Suppress Weeds

by Using Crop Competitiveness.

There are a number of cultural

practices that can be used to

enhance crop competitiveness,

including seeding rates, row

spacing, cultivar selection,

planting dates, water and nutrient

management and crop rotation.

The goal is to inhibit weed seed

germination and emergence, and

suppress weed growth.

9. Use Mechanical and Biological

Management Practices Where

Appropriate. Tillage is one of the

oldest, and often most effective,

weed control techniques. Like

any other weed control method,

consistent use of the same tillage

regime will select for weed species

adapted to a high-disturbance

environment. However, tillage as

a part of an integrated approach

to herbicide resistance prevention

and management can be an

invaluable tool. The downside to

tillage—especially deep tillage—is

potential negative impacts on soil

conservation, soil organic matter

and surface water quality.

Another option is to use cover

crops or mulches, which reduce

light reaching the soil surface,

suppressing weed germination and

growth. Some organic mulches also

provide allopathic effects, excreting

toxins that suppress weed growth.

Mowing and grazing are also non-

chemical means of suppressing

weed growth, and in some instances

have proven highly beneficial for

managing weed populations.

10.Prevent Field-to-Field and Within-

Field Movement of Weed Seed,

Pollen or Vegetative Propagules.

One of the greatest challenges to

herbicide resistance management

is movement of weed seed or
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other propagules between fields 

and farms, allowing migration of 

herbicide-resistant weeds from 

one location to another. To prevent 

this, farm equipment such as tillage 

equipment and harvesters should 

be cleaned thoroughly when exiting 

a field. In addition, pollen and 

wind- or water-borne seed must be 

kept from moving between fields 

in order to prevent the spread of 

herbicide resistance. Crop residues 

and manure have been documented 

to contain herbicide-resistant weed 

seeds and should, therefore, be kept 

on site.

11.  Manage Weed Seed at Harvest 

and Postharvest to Prevent a 

Buildup of the Weed Seed Bank. 

As stated earlier, a fundamental 

goal of herbicide resistance 

management is to prevent weed 

seed from replenishing the soil 

seed bank. Seed from weed 

escapees can be managed in several 

ways. Capturing and destroying 

weed seed that passes through 

harvesters has been demonstrated 

to be effective in some cropping 

situations. Similarly, collecting 

crop debris and either grinding or 

burning it can destroy any weed 

seed it contains. When crops are 

harvested while temperatures are 

still conducive for subsequent weed 

growth, prevention of weed seed set 

after harvest is critical in managing 

herbicide-resistant weeds. 

12. Prevent an Influx of Weeds into the 

Field by Managing Field Borders. 

Weeds in field edges, roadsides, 

ditch banks, railroad and highway 

rights-of-way and riparian zones 

can serve as a major source of 

herbicide-resistant weed spread. 

These areas are often difficult 

to manage, given the limited 

availability of control options in 

such non-crop situations, the costly 

nature of managing these weeds 

and questionable authority of 

controlling weeds on property not 

owned by the grower. 

Changing Grower Behavior
There are still gaps in our knowledge 

of the biology and ecology of weed 

species with a high propensity to evolve 

resistance to herbicides. Effective 

implementation of the BMPs described 

above requires a detailed understanding 

of vulnerabilities in the life cycles 

and growth stages of these weeds. In 

general, however, these BMPs are well 

understood and well documented. 

Despite this, widespread and consistent 

implementation of BMPs to create 

holistic, sustainable herbicide resistance 

management programs has proven 

elusive. Many growers feel forced to 

focus on short-term economic decisions 

because of low profit margins or short-

term land leases. 

In the past, each time a novel form 

of herbicide resistance evolved, new 

technologies were developed that 

supplanted the ineffective herbicide 

MOAs, resulting in grower perception 

that there will always be a “silver bullet” 

in the wings. In addition, growers 

sometimes feel that herbicide resistance 

is unavoidable and that implementing 

BMPs without their neighbors doing 

the same is a wasted effort. 

Although the science behind herbicide 

resistance management practices 

is sound, we urgently need a better 

understanding of the socioeconomic 

drivers behind growers’ management 

decisions, and of the barriers 

preventing more widespread grower 

adoption of BMPs that can prevent 

or delay herbicide resistance. The next 

crucial phase of herbicide-resistant 

weed research will therefore be 

in the social sciences as well as in 

the field and laboratory. Changing 

grower behavior will depend on more 

effective educational programs that 

focus on proactive, sustainable weed 

management practices rather than 

simplistic, reactive annual strategies. 

The threat of herbicide resistance and 

the benefits of proactive resistance 

management must be more widely 

communicated.  

David R. Shaw is Vice President of 

Research and Economic Development 

at Mississippi State University and 

chair of the Weed Science Society 

of America’s Herbicide Resistance 

Education Committee. Jason 

Norsworthy is a University of Arkansas 

professor specializing in crop, soil and 

environmental sciences. Sarah Ward is 

a professor at Colorado State University 

who specializes in soil and crop sciences. 

BORDER PATROL  Weeds in field edges can be a major source of herbicide-resistant weed spread. 
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