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Development of 
resistance by turf 
insects to insecticides
Although insects are beginning to show resistance 
to insecticides, superintendents can manage 
products to extend their usefulness.

Patricia J. Vittum, Ph.D.
Charles A. Silcox, Ph.D.

Over the years, superintendents have become 
aware of situations in which various fungal patho-
gens have developed resistance to certain fungi-
cides. The same phenomenon is beginning to 
occur with populations of some turf insect spe-
cies, which are developing resistance to some 
insecticides. In this article, we will discuss the 
concept of resistance, explain the importance of 
understanding the mode of action of turf insec-
ticides, provide a case study of a turf insect that 
has recently developed resistance to at least one 
group of insecticides, and provide some practical 
suggestions to minimize the likelihood that a pest 
population develops resistance. 

What is resistance?
Sometimes a superintendent uses a certain 

insecticide repeatedly to manage an insect popu-
lation. Often the product continues to work well 
for many seasons, but in some cases a more criti-
cal view of the situation indicates that the prod-
uct is not as “effective” (does not kill as high a 
percentage of the population) following several 
seasons of repeated use as it was when the prod-
uct was fi rst used against that insect species. For 
the purposes of illustration, consider a situation in 
which a superintendent uses chemical X to control 
a turf insect problem in the fi rst year the chemical 
comes to the turf market. Chemical X is labeled 

for application at 1 pound active ingredient per 
acre (1 pound a.i./acre), and can be used up to 
three times per year. The fi rst year the superin-
tendent uses the product, the insect population 
is greatly reduced (at least 90% control). The 
product seems to remain active for at least three 
months, and only one application is needed to do 
the job. 

Because the product seemed so effective, the 
superintendent orders more for the next season 
and achieves similar results. By the third or fourth 
year of repeated use of chemical X, however, the 
superintendent notices that a lower percentage of 

Editor’s note: This article is a companion piece to the article 
by Charles Silcox and Patricia Vittum on modes of action of 
insecticides, which appeared in the September 2008 issue 
of GCM. Both articles are based on information that was 
presented by the authors in an educational seminar at the 
January 2008 GCSAA Education Conference in Orlando.

Reduced activity of pyrethroids on annual bluegrass weevil was 
fi rst reported in Connecticut. Photos by Steve McDonald
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the insects seem to be controlled as a result of the 
application or, alternatively, that the product does 
not remain active for as many weeks as it did at 
fi rst. So the superintendent starts to experiment 
and applies the product twice, at three-week inter-
vals, in an effort to control the insect population. 
(This scenario no doubt sounds very familiar to 
those who have been trying to manage dollar spot 
recently.)

When we get to this point, one possible expla-
nation is that the insect population has developed 
resistance to chemical X. Resistance can be defi ned 
as a loss of fi eld effectiveness, usually as a result of 
repeated applications. In our example, the super-
intendent initially applied chemical X at 1 pound 
a.i./acre, but perhaps by the fourth year of using 
the product discovered that repeated applications 
or heavier application rates (when allowed by the 
label), totaling 4 or 5 pounds a.i./acre per season, 
failed to achieve the same level of control.

Laboratory studies 
Laboratory studies often can be conducted to 

track the development of resistance in insect pop-
ulations. Richard Cowles, Ph.D. (Connecticut 
Agricultural Experiment Station), fi rst reported 
reduced activity of pyrethroids toward popula-
tions of annual bluegrass weevil (Listronotus mac-
ulicollis) on golf courses in Connecticut where 
pyrethroids had been used extensively for many 
years. Steven Alm, Ph.D. (University of Rhode 
Island), and his graduate student Darryl Ramoutar 
recently have been working in collaboration with 
Cowles to assess pyrethroid resistance by annual 
bluegrass weevils on a number of golf courses in 
Connecticut. Their results to date show pyre-
throid resistance ratios that vary from 37 to 112 
on courses with a history of extensive pyrethroid 
applications. A “resistance ratio” can be calculated 
as the concentration needed to control a resistant 
population divided by the concentration needed 
to kill a susceptible population. (For example, a 
resistance ratio of 37 means that it took 37 times 
as much product to kill the same percentage of 
the resistant population as it did to kill a suscep-
tible population.) This research documents that 
the effectiveness of the pyrethroids has declined 
signifi cantly in the resistant populations.

Field studies
Laboratory studies do not always refl ect what 

is observed in fi eld conditions. For example, one 
population of annual bluegrass weevils near Hart-
ford, Conn., showed a resistance ratio of 97. But 
the same year that laboratory trial was conducted, 
one of us (PJV) conducted a fi eld trial of several 

insecticides on the same golf course, including 
the same pyrethroid, and observed 92% control 
of the fi eld population. There are several possible 
explanations, but the main point is that laboratory 
studies can serve as indicators of what is happen-
ing, but they do not always provide an accurate 
prediction of what kind of fi eld control will be 
achieved when resistance fi rst begins to develop 
in an area.

How does resistance develop? 
Resistance often fi rst appears in an insect 

population simply because some individuals are 
“lucky” and have a genetic mutation that protects 
them from the harmful effects of the insecticide. 
So when chemical X is applied to the population, 
the ones with the “lucky” genes survive, whereas 
a large proportion of the “unlucky” (susceptible) 
individuals are killed. Over time, there is a shift in 
the insect population. Perhaps originally only 1% 
of the population had the gene that confers resis-
tance, but when chemical X is applied, that 1% is 
at a distinct advantage. Those individuals will be 
much more likely to survive and be in a position to 
pass on their “lucky” genes to their offspring.

Often the resistance gene provides an obvious 
advantage whenever chemical X is present, but it 
also may have a cost associated with it. The insect 
that carries the resistance gene may take longer to 
develop from egg to adult, or it may be less effi -
cient at converting food to energy or less success-

Insects with a genetic mutation that protects them from the effects of an insecticide are more likely 
to survive and pass on their “lucky” gene to their offspring.
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ful at competing for mates. However, as long as 
chemical X is in the population’s environment, 
that resistance gene will provide an overriding 
advantage for the insects that have it.

Figure 1 demonstrates the concept of the 
development of resistance. For the purposes of 
illustration, we assume that 1% of the original 
population of insects has the resistance gene (red 
squares) and they all survive an application of 
chemical X, while 99% of the susceptible popu-
lation (green squares) is killed. The second gen-
eration has noticeably more insects carrying the 
resistance gene and fewer susceptible individuals. 
If we apply chemical X again, the resistance gene 
becomes even more prominent. And if we apply 
chemical X yet again, almost all of the fourth gen-
eration is resistant to the chemical.

Normally, the transition from a susceptible 
population to a resistant population does not occur 
nearly this quickly, at least with the insecticides we 
have used in turf for the past 20 years or so. How-
ever, some insect populations in other crops have 
developed resistance to certain insecticides after 
only one or two exposures. The Colorado potato 
beetle developed resistance to imidacloprid in sev-
eral different parts of the U.S. after only a couple 
of years of widespread use. This suggests that the 
genetic makeup of the Colorado potato beetle had 
an inherent “resistance gene” in the population, 

and when the insects were exposed to the insec-
ticide, the resistance gene provided enough of a 
survival advantage that the individuals with the 
gene survived and multiplied.

Which conditions are most likely to 
lead to resistance?

Much of resistance development is driven by 
genetic variation. In essence, the more offspring 
produced, the greater the chance that at least some 
of those offspring will have a gene that provides 
resistance against chemical X. Therefore, it makes 
sense that resistance often shows up in insects 
that have a relatively high reproductive capacity. 
In general, sexual reproduction will provide more 
opportunity for genetic mixing. Insect species that 
produce relatively large numbers of offspring each 
generation or have several generations per year 
have more opportunity to produce at least a few 
individuals that have a “lucky” gene that provides 
resistance. It’s a numbers game!

Conditions that lead to 
resistance

➔  Relatively high reproductive capacity
➔  Multiple generations per year
➔  Limited host range and mobility
➔  Few insecticides that work, or few modes of  

   action that work
➔  Multiple applications each year, many of  

   which disrupt natural enemies

Individuals with high populations are more likely to develop 
resistance.

Feeding habits 
Meanwhile, if an insect population feeds on 

only one or two kinds of plants, it is more likely 
to develop resistance to an insecticide. Usually, if 
only one or two species of plants are attacked by 
the insect and those plants are being protected by 
the insecticide, the insect has no other place to go 
to avoid exposure to the insecticide. Susceptible 

Resistance development

Figure 1. Resistance often appears in a population because one or more members are “lucky” 
(represented by the red squares) and have a gene that imparts resistance to an insecticide. The rest 

of the population is not as “lucky” and is susceptible to the insecticide (green squares).

Susceptible individual

Resistant individual
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individuals will be controlled and resistant indi-
viduals will survive.

Lack of mobility 
Similarly, if the insect is not very mobile, it is 

more likely to develop resistance. If the insect is 
not able to move away from the treated area, the 
susceptible individuals will experience the harm-
ful effects of the insecticide and be eliminated. 
In addition, if the insect population is not very 
mobile, there is also no chance for other suscepti-
ble individuals to migrate into the treated area and 
dilute the effect of the resistance gene by increas-
ing the number of susceptible insects available to 
reproduce.

How much turf is treated?
Another variation on the theme relates to the 

amount of treated turf. When an insecticide is 
applied wall-to-wall on several golf courses and by 
most other turf managers in a given area, most of 
the susceptible insects in that area will be killed 
and most of the resistant individuals will survive. 
If the treated areas are large enough, susceptible 
individuals will have little opportunity to move in 
from other areas. If only heavily infested areas are 
treated, the untreated areas become refuges, areas 
where the susceptible individuals can survive. It 
may seem counterintuitive, but this can be a good 
thing. If some susceptible insects survive, they can 
mate with the resistant individuals and slow the 
development of resistance.

Currently 12 chemical classes of insecticides 
are used in turfgrass management. Each of these 
has a specifi c mode of action (that is, the way the 
chemical actually affects the insect). Many of 
the older insecticides are nerve poisons, affect-
ing the transmission of electrical impulses from 
one nerve cell to another. (These different modes 
of action are described in some detail in the Sep-
tember 2008 issue of GCM.) Insects usually do 
not differentiate between different insecticides 
with the same mode of action. For example, the 
pyrethroids all have the same mode of action: 
They interfere with the movement of sodium and 
potassium ions along the nerve cell membrane. If 
an insect develops resistance to one pyrethroid, 
it ordinarily develops resistance to all the other 
pyrethroids at the same time. This phenomenon is 
known as cross-resistance. In addition, some insects 
will develop resistance to insecticides in different 
chemical classes or with more than one mode of 
action. This is called multiple resistance. (House-
fl ies developed resistance to many different modes 
of action within a few years of exposure when syn-
thetic insecticides fi rst were used in the late 1940s 

and 1950s.)
If only one or two classes of insecticides have 

been shown to be effective against a pest popu-
lation, there can be considerable pressure on that 
population to develop resistance to one or both of 
those classes. In other words, if we keep using only 
one or two classes or modes of action to control a 
population of insects, it increases the chances that 
some individuals will have the “lucky” gene and 
develop resistance to that mode of action, while 
susceptible individuals will be eliminated.

Each time an insecticide is used, it puts pres-
sure on the target population to develop resis-
tance. So it stands to reason that multiple applica-
tions of chemicals with the same mode of action 
during a growing season will speed the process. 
Each generation has the potential to produce some 
individuals that are resistant to the chemical, and 
each application of the chemical puts more pres-
sure on that population, giving an advantage to 
the insects with the “lucky” gene and putting the 
susceptible individuals at a disadvantage. 

We can also speed the process of developing 
resistance by applying an insecticide in such a way 
that two different generations of an insect popula-
tion are exposed to the insecticide as a result of a 
single application. An example would be applying 
one of the neonicotinoids to turf in mid-spring 
in the Northeast as a preventive control of white 
grubs later in the season. Some superintendents 
justify such an application because it can provide 
control of other insects during late spring and 

If an insecticide is applied 
wall-to-wall on several 
golf courses and other turf 
sites in a given area, most 
of the susceptible insects 
within that area will be killed, 
allowing mainly the resistant 
insects to survive. Photo by 
P. Vittum

100-116_Oct08 Techwell.indd   103100-116_Oct08 Techwell.indd   103 9/18/08   9:25:48 AM9/18/08   9:25:48 AM

<<
  /ASCII85EncodePages false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressPages false
  /ConvertImagesToIndexed true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


Synapse Prepare
Banta_InDesign_090704:Banta_InDesign_090704
QuarkXPressª settings can't be modified by the user
InDesignª Print Style: Banta_PS_CMYK.prst
Distiller Job Options: Creo PDF Pages.joboptions
PitStop Profile: Banta_081804.ppp
PitStop Actions: SynapseLogo.eal
User can add info annotations into resulting PDF
Distiller annotations will be added into resulting PDF
Job Info annotations will be added into resulting PDF
Directive annotations will be added into resulting PDF
�

Job Name:   
Job Number:   
Proof Due:  Thu, Jun 8, 2006
Final Due:  Thu, Jun 8, 2006
Company:  Golf Course Management
Contact:  Roger Billings
Address:  1421 Research Park Drive
City:  Lawrence
State:  Kansas  Zip:  66049  Country:  USA
Office Phone:  785-832-4432
Email:  rbillings@gcsaa.org
�



104  GCM October 2008

research

early summer, but the application would result in 
exposure to the white grubs that are present after 
the winter before they pupate (the spring genera-
tion), and the chemical would still be present in 
the soil when the new young grubs emerge from 
the next generation. Although there is no evidence 
yet that any turf insects have developed resistance 
to a neonicotinoid, other agricultural pests have 
developed resistance to insecticides in that class, 
and we might be wise to avoid use patterns that 
would speed the process.

Historically, use of insecticides that are very 
persistent has often led to the development of 
resistance. If we use an insecticide that remains 
active for several months or — in the case of DDT, 
chlordane and their relatives — several years, the 
insect population is under constant pressure to 
develop resistance. In fact, more than 100 spe-
cies of insects developed resistance to DDT 
shortly after it was introduced to agriculture, in 
part because the populations were under constant 
pressure. Only the adaptive ones survived.

Case study: annual bluegrass 
weevil

The annual bluegrass weevil (Listronotus mac-
ulicollis) is primarily a golf course pest on annual 
bluegrass (Poa annua) in the northeastern U.S. 
Sometimes called the “Hyperodes weevil,” it feeds 

primarily on annual bluegrass on fairways, greens 
or tees, but occasionally is active on creeping bent-
grass (Agrostis stolonifera) as well. Adults move 
short distances in the spring, mainly by walking, 
and return to overwintering sites in autumn. It 
completes three or four generations per year in the 
metropolitan New York area. Some superinten-
dents treat greens as many as six times per year to 
manage the populations. 

From the early 1970s until the mid-1990s, 
Dursban (chlorpyrifos) was used as a preventive 
treatment, applied when dogwood reached full 
bloom to target adults before they had a chance 
to lay eggs. As pyrethroids became available in the 
1990s, they began to replace Dursban as the pre-
ventive treatment. 

For several years, the insecticide of choice has 
been one of the pyrethroids, and since fall 2005, 
Rich Cowles has documented pyrethroid resis-
tance in annual bluegrass weevils in several loca-
tions in the Northeast. Many superintendents also 
have reported “failures” of pyrethroids in fi eld 
conditions, and in some of those cases, laboratory 
studies have documented resistance (resistance 
ratios of 35 or more).

We believe the annual bluegrass weevil is a 
prime candidate for developing resistance to pyre-
throids because most of the “conditions” are pres-
ent. It has a relatively high reproductive capacity 
(each female produces 30 to 50 eggs), the insect 
completes several generations per year even in the 
Northeast, it has limited host range and mobility, 
very few insecticides have been effective against 
the adults over the years, and superintendents have 
made multiple applications of the same chemical 
class (pyrethroids) each year for many years. Per-
haps the surprise is that resistance did not become 
apparent until recently.

How can superintendents manage resistant 
populations of annual bluegrass weevils? First 
and foremost, those who are dealing with resis-
tant populations need to minimize their reliance 
on pyrethroids. For example, they can substitute 
chlorpyrifos (an organophosphate) when tar-
geting adults. In addition, they need to monitor 
the affected areas much more intensively than in 
previous seasons and use products that are effec-
tive against larvae as soon as the larvae become 
apparent. Several products, including Dylox (tri-
chlorfon, Bayer), Conserve (spinosad, Dow Agro-
Sciences) and Provaunt (indoxacarb, DuPont 
Professional Products), have been shown to be 
effective against larvae if they are applied when 
larvae are still fairly small. It is very encouraging 
to note that some new insecticides on the market 
have new modes of action and have shown activity 

Resistance is more likely to occur in insects like annual bluegrass weevil that are not very mobile. 
Annual bluegrass weevil adults may walk short distances in the spring and then fl y to protected 
overwintering sites, often along defi ned tree lines. Photo by Steve McDonald 
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against annual bluegrass weevils. These include 
Provaunt and Acelepryn (chlorantraniliprole, 
DuPont Professional Products). 

Several other nonchemical strategies can be 
incorporated to minimize weevil populations or 
to enhance turf vigor. These include minimizing 
annual bluegrass (with plant growth regulators 
or watering or mowing strategies), minimizing 
the stress on the annual bluegrass, or disrupting 
overwinter sites. A suggestion, so far untested, has 
been made to incorporate barrier strips between 
the overwintering sites and the fairway or greens 
or tees, thereby making it more diffi cult for wee-
vils to return to the short-cut areas in the spring. 

Ways to minimize or delay the 
development of resistance

Most of the management strategies that super-
intendents can incorporate to delay the develop-
ment of resistance are common sense. In essence, 
the primary focus needs to be on minimizing 
applications of insecticides that have shown a ten-
dency to lead to resistance. This is often easier 
said than done, because for some insects, there are 
relatively few options available. However, there 
is new chemistry entering the market and with 
attention to detail, superintendents should be able 
to incorporate new strategies and slow the devel-
opment of resistance.

The rest of the common sense is related to 
good cultural practices. Any activity that reduces 
stress on the turf (for example, mowing heights 
and patterns, watering, fertility) enables that turf 
to tolerate more insect activity. If the tolerance 
level is increased, then insecticides often can be 
used less often or less aggressively.

Chemical strategies to delay the 
development of resistance

Three basic approaches could be consid-
ered when determining a strategy to maximize 
the effectiveness of an insecticide and delay the 
development of resistance in pest populations. 
One approach that has been proposed by at least
one turf pathologist is to use a given product (or 
class of chemicals with a similar mode of action) 
until it no longer is effective. Most turf entomolo-
gists do not support this approach, but we have 
seen situations (the annual bluegrass weevil), 
where superintendents felt like they had no other 
alternatives. 

Repeated use of a single chemical class or 
mode of action seldom makes sense in the long 
term for managing insect populations. But we 
can try to incorporate at least a couple of different 
modes of action into the action plan. One way to 

accomplish this is to combine two different modes 
of action into a single application (“tank mix”). 
The theory is that while some of the insects in the 
target population might be resistant to chemical 
A, they probably would not also have a gene con-
ferring resistance to chemical B. Similarly, some 
might be resistant to chemical B, but not chemi-
cal A. So a combination of the two chemicals in 
one application would, presumably, eliminate a 
high proportion of the insects in that population. 
Although we do not have fi eld data to support 
that hypothesis, the combinations seem to provide 
excellent levels of fi eld effi cacy in many cases.

Some turf entomologists have a philosophi-
cal diffi culty with a popular tank mix that has 
recently entered the turf market. Allectus (Bayer 
Environmental Science) was the fi rst combination 
product to be marketed, combining Merit (imida-
cloprid) and Talstar (bifenthrin). The combina-
tion of a neonicotinoid and a pyrethroid was origi-
nally developed for the lawn-care market and has 
been very well received in many parts of the coun-
try. Aloft (Arysta LifeScience), a combination of 
Arena (clothianidin) and a generic form of bifen-
thrin, joined the market about a year later. Some 
superintendents make their own combinations 
with one of the three neonicotinoids (chlothiani-
din, imidacloprid or thiamethoxam) and one of 
the several pyrethroids (bifenthrin, cyfl uthrin, 
lambda-cyhalothrin, deltamethrin and others).

For some of the pest complexes, and particu-
larly for lawn-care operators, the combination 
enables a superintendent to make a single well-
timed application that targets many different turf 
insects and often reduces the need for “call backs.” 
The “philosophical diffi culty” arises when the 
combination product is applied in late spring to 
golf courses when overwintering white grubs are 
still present. This ensures that two different gen-
erations of grubs will be exposed to the applica-
tion, which could perhaps speed the development 
of resistance. (Again, resistance to neonicotinoids 
has not been documented in any turf insect pest, 
but we might be wise to be cautious or conserva-
tive, and try to avoid repeated applications in this 
manner.)

A slightly different approach is to alternate 
chemical classes or modes of action. In the exam-
ple above, a superintendent might apply chemi-
cal A and then come back the next time (a few 
weeks or months or a year later, depending on the 
life cycle of the target insect) with chemical B. 
Over the years, this approach has often worked 
very well, but until recently, superintendents who 
were trying to use preventive treatments to con-
trol white grubs found their options were limited 

The research says

➔ When the efficacy of an 
insecticide seems to decline, one 
possible explanation is that the insect 
has developed resistance to the 
insecticide.

➔ A genetic mutation may pro-
tect some individuals so that they are 
resistant to a particular insecticide; 
resistant individuals survive insecti-
cide exposure to reproduce offspring 
that are also resistant, making the 
resistance gene more prominent in 
the population.

➔ Resistance is more likely in 
insects that have a high reproduc-
tive capacity, feed on only one or two 
kinds of plants and lack mobility.

➔ Resistance is also more likely 
when few insecticides or modes of 
action are available to control the 
insect and multiple applications are 
made each year.

➔ Resistance can be delayed by 
limiting the number of applications of 
a single product or of pesticides with 
a single mode of action.

Vv
v

100-116_Oct08 Techwell.indd   105100-116_Oct08 Techwell.indd   105 9/18/08   9:25:56 AM9/18/08   9:25:56 AM

<<
  /ASCII85EncodePages false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressPages false
  /ConvertImagesToIndexed true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


Synapse Prepare
Banta_InDesign_090704:Banta_InDesign_090704
QuarkXPressª settings can't be modified by the user
InDesignª Print Style: Banta_PS_CMYK.prst
Distiller Job Options: Creo PDF Pages.joboptions
PitStop Profile: Banta_081804.ppp
PitStop Actions: SynapseLogo.eal
User can add info annotations into resulting PDF
Distiller annotations will be added into resulting PDF
Job Info annotations will be added into resulting PDF
Directive annotations will be added into resulting PDF
�

Job Name:   
Job Number:   
Proof Due:  Thu, Jun 8, 2006
Final Due:  Thu, Jun 8, 2006
Company:  Golf Course Management
Contact:  Roger Billings
Address:  1421 Research Park Drive
City:  Lawrence
State:  Kansas  Zip:  66049  Country:  USA
Office Phone:  785-832-4432
Email:  rbillings@gcsaa.org
�



106  GCM October 2008

research

Insecticide development history

Figure 2. A timeline of the history of insecticide development from the late 1800s to the present. 
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to neonicotinoids. No other modes of action or 
classes of chemicals worked consistently, particu-
larly in the Northeast where oriental beetles are 
active. Although superintendents usually under-
stand the importance of alternating chemicals, at 
times they have not had many good choices.

What lies ahead? 
We believe the future looks bright for insec-

ticide management in turf. For the fi rst 50 years 
that synthetic chemicals were available (Figure 2), 
superintendents relied on only two or three chem-
ical classes, but in the past 15 to 20 years, several 
new modes of action have been developed and 
commercialized. As long as superintendents and 
other turf managers use these chemicals wisely 
and incorporate many different modes of action 
into their insect management plans, the effective 
life span of each product should be maximized. 
In addition, the newer chemistries are much less 

toxic to vertebrates and other nontarget organisms 
— another little bonus! 
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