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Plant growth regulators have received con-
siderable attention as a method to diminish the 
amount of annual bluegrass in a mixed stand of 
creeping bentgrass and annual bluegrass (1,2,4). 
When PGRs were initially introduced, they were 
applied once in the spring and again in late sum-
mer to reduce growth when conditions were best 
for grass growth. As superintendents worked with 
the PGRs, they realized that more consistent 
growth regulation could be obtained by applying 
them regularly throughout the growing season.

Some confusion has arisen over which PGRs 
can be used to reduce annual bluegrass and the 
optimal way to use these PGRs. Our research can 
provide some guidance for superintendents.

Basics of PGR usage
Different types of PGRs yield different growth-

suppression characteristics. The most widely used 
PGRs suppress the production of the plant hor-
mone gibberellin. These PGRs exist in many 
chemical forms. Three are currently labeled for 
use on golf course turf: Trimmit or Turf Enhancer 
(paclobutrazol), Cutless (fl urprimidol), and Primo 
(trinexapac-ethyl). All these PGRs work in the 
same manner — they suppress the production of 
gibberellic acid, the hormone responsible for cell 
elongation. Following treatment with these PGRs, 
growth is initially suppressed for about two weeks; 
then, the turf begins to grow more rapidly but is 
still suppressed (this phase lasts approximately 
two more weeks); fi nally, the turf resumes normal 

growth unless another PGR application is made. 
If the PGR application is not made or is delayed 
too long, the turf can grow at a rate faster than 
untreated turf; this has been termed “rebound 
growth.” Each PGR follows this pattern, but some 
are more effective — that is, they maintain longer 
periods of growth suppression — than others. 

Other PGRs have different modes of action 
than the anti-gibberellins mentioned above, 
but the anti-gibberellins are widely used on golf 
courses because of their turf safety and consis-
tent performance. In a sense, these products alter 
turfgrass growth and reduce clippings while often 
improving turf quality. PGRs can increase chloro-
phyll content in turfgrass plants, thereby produc-
ing a darker green turf. 

PGRs and Poa annua control
Although the fi rst PGRs used in turf were 

evaluated for growth regulation, the fi rst com-
mercially successful turf PGRs were growth regu-
lators used primarily for annual bluegrass control. 
Annual bluegrass is the worst weed problem in 
turf and for many years there were no post-emer-
gence controls. Two active ingredients introduced 
in the late 1980s, fl urprimidol and paclobutrazol, 
appeared to offer some control of annual bluegrass 
and are the focus of this article. 

The purpose of this research was to determine 
the relative response of two turfgrass species, 
annual bluegrass (perennial type) (Poa annua var. 
reptans (Hausskn.) Timm) and creeping bentgrass 

Using PGRs to reduce 
Poa annua competition
Over a period of years, some plant growth regulators can 
reduce the presence of annual bluegrass to 5% to 15% in a 
creeping bentgrass stand.

Bruce Branham, Ph.D. 
William Sharp 
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(Agrostis stolonifera L.), to three plant growth 
regulators. In order to determine the relative 
response of each species, separate, pure stands of 
either annual bluegrass or creeping bentgrass were 
treated with various PGR regimes.

Materials and methods
The trials were conducted during the 2003 

and 2005 growing seasons. In 2003, only Primo 
and Trimmit were included in the trial. In 2005, 
Cutless was added to the trial. Three rates of each 
PGR were applied to separate stands of either 
annual bluegrass or creeping bentgrass mowed 
at 0.5-inch height of cut, generally with a three-
week application interval. In 2003, treatments 
were fi rst applied on April 18; the last application 
was on Sept. 12. In 2005, the fi rst application was 
made on April 28, and the last one was on Sept. 
1. All treatments were applied using a backpack 
CO

2
-pressurized sprayer. 

In 2003, the trial was conducted on Dominant 
Plus, a blend of three creeping bentgrass cultivars 
(64% Providence, 20% SR 1020 and 16% SR 
1119), and in 2005, the trial was conducted with 
Backspin creeping bentgrass. 

The annual bluegrass was a wild type that has 
been prevalent at our research center for many 
years. The research center was established at the 
present site in the 1960s and has been under con-
tinuous turf production ever since. The annual 
bluegrass exhibited morphological characteristics 
similar to perennial-type Poa annua. 

Clippings were collected twice per week, and 
fresh and dry weights were recorded. Data on 
visual turf injury and turf quality were collected 
weekly. Within each species, the experimental 
design was a randomized complete block design 
with three replications. 

Results and discussion
We have presented most of the data as a per-

centage of the control by species (that is, when 
clippings collected from a PGR-treated plot 
weighed the same as those from the untreated plot, 
the PGR treatment would be 100% of the con-
trol). This means of expressing the data removes 
the control and permits us to compare treatments 
directly, so we can see how each species responds 
to the different PGRs (Table 1). 

Primo
Primo appears to regulate both species to 

approximately the same degree. Primo is a very 
good growth regulator, but its use in an annual 
bluegrass reduction program will not produce a 
signifi cant reduction in the annual bluegrass pop-

ulation. In fact, recent research has shown that 
Primo may increase annual bluegrass populations 
by improving the health of the annual bluegrass 
plants (3). Therefore, where annual bluegrass is a 
desirable component of the turf, a growth regula-
tor program using Primo will be benefi cial.

Trimmit and Cutless
The two other PGRs, Trimmit and Cutless, 

both reduce annual bluegrass growth more than 
creeping bentgrass growth (Table 1). Over time, 
this allows creeping bentgrass to grow more than 
annual bluegrass and to increase its population in 
the stand. Examination of a typical season-long 
growth response curve (Figure 1) reveals some 
important points. 

Application intervals. First, note the length of 
time between spring applications. The interval 
between applications was supposed to be three 
weeks, but turf injury on annual bluegrass from 
the highest rates of Cutless and Trimmit was so 
severe that repeat applications were delayed for 
an additional three weeks, for a total of six weeks 
between the fi rst and second application in 2005 
and between the second and third application in 
2003. All PGRs seem to exhibit more growth reg-
ulatory activity in spring than in the warmer sum-
mer months. Initial rates of application of Trim-
mit and Cutless should be reduced in spring or 
injury to annual bluegrass will be excessive. When 
applying these products for the fi rst time in the 
spring, we recommend rates of 4-8 ounces/acre 
(0.029-0.058 milliliter/square meter) for both 
Trimmit and Cutless. If the Poa annua percentage 
has been reduced by previous PGR usage, then 

% control

Table 1. Effect of repeated PGR applications on the growth of annual bluegrass and 
creeping bentgrass. Data are presented as a percent of the control (untreated turf).

PGR
Rate (ounces 
product/acre)

% control, season average
2005 2003

Creeping 
bentgrass

Annual 
bluegrass

Creeping 
bentgrass

Annual 
bluegrass

Control 100 100 100 100
Trimmit 8 97 68 96 84
Trimmit 16 74 38 79 51
Trimmit 24 59 24 65 31
Primo 2.2 106 111 103 100
Primo 6.5 81 98 79 77
Primo 10.9 89 83 70 74
Cutless 8 93 69
Cutless 16 75 55
Cutless 24 60 41
Trimmit 8,16, 24 72 39

Trimmit
8, 16 at 4-week 

interval
103 49

LSD 17 10 21 29
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initial rates of 8 ounces/acre (0.058 milliliter/
square meter) should still be suffi cient. 

Spring activity. Second, note that in spring 
2003, Trimmit shows little differential growth 
suppression at 8 ounces/acre (0.058 milliliter/
square meter) (Figure 1). Both species show very 
similar levels of growth suppression throughout the 
spring. The spring applications do not seem to ben-
efi t either species very much. In 2005, the six-week 
delay between the fi rst and second application 

permitted the creeping bentgrass to come out of 
regulation, and a difference in growth suppression 
between the two species was observed (Figure 1). 

Selective species regulation. The third point is 
the length of time after an application that the 
growth of a species is below the growth of the 
control, that is, below 100%. In Figure 1, at the 
lowest rate of Trimmit used, annual bluegrass 
rarely goes above 100% (that is, it rarely grows at 
the rate of the control) for the entire period of the 
experiment. Conversely, for about half of clipping 
measurements, Trimmit-treated creeping bent-
grass is growing faster than untreated creeping 
bentgrass. Annual bluegrass is not only regulated 
more severely, but it also takes longer to come out 
of regulation than does creeping bentgrass.

Cutless appears to regulate both species a little 
better in spring, but the ability of Cutless to reg-
ulate annual bluegrass seems to wane when tem-
peratures rise in summer (Figure 2). In addition, 
at 8 ounces/acre (0.058 milliliter/square meter), 
Trimmit and Cutless provided similar seasonal 
suppression of growth for both species, but Trim-
mit appeared to provide better growth regula-
tion of annual bluegrass at 16 and 24 ounces/acre 
(0.117 and 0.175 milliliter/square meter) (Table 
1). Both Trimmit and Cutless have the same mode 
of action, but they are not the same product and 
some differences in activity should be expected. 

These graphs show that most of the selective 
species regulation occurs in the summer, and that 
spring applications do not give the same level of 
selective regulation. Therefore, using higher rates 
of these products in spring would be counter-
productive — not only would there be more turf 
injury, but creeping bentgrass also would not ben-
efi t as much because it is nearly as well regulated 
as annual bluegrass in spring. However, I still 
believe these products should be used in spring, 
even though both species are regulated to about 
the same extent. The growth data for untreated 
creeping bentgrass and untreated annual bluegrass 
show that untreated annual bluegrass has a bit
of growth spurt in spring that most likely 
permits it to gain some ground on untreated creep-
ing bentgrass. 

Putting it into practice
How can superintendents use this informa-

tion? How should they modify their current PGR 
programs?

Application intervals
First, our data indicate that annual bluegrass 

and creeping bentgrass differ signifi cantly in their 
responses to Cutless and Trimmit. To maximize 

 Figure 1. Seasonal growth responses of annual bluegrass and creeping bentgrass in 2003 
and 2005 to sequential applications of Trimmit at 8 ounces/acre.
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the differential growth response between the two 
species, application rates and intervals between 
applications should be changed based on the sea-
son. Changing the interval between applications 
from three to four weeks allows the creeping bent-
grass to come out of regulation and grow more 
rapidly while annual bluegrass remains regulated 
and is usually growing more slowly than untreated 
annual bluegrass (Figure 3).  

Note that in late July and early August, both 
species came out of regulation in a big way. Creep-
ing bentgrass was actually growing at four times 
the rate of the untreated creeping bentgrass turf! 
And annual bluegrass treated with Trimmit was 
growing at nearly twice the rate of untreated 
annual bluegrass. This program was effective in 
allowing creeping bentgrass to outgrow and out-
compete annual bluegrass throughout the sum-
mer, but growth regulation was lost. Higher rates 
would be needed to reduce growth rates. 

When the interval between applications is 
increased to four weeks, treated creeping bentgrass 
is often growing faster than untreated creeping 
bentgrass (that is, greater than 100% of control) 
and should be able to crowd out annual blue-
grass more effectively. The three-week applica-
tion interval has been developed, mainly through 
experimentation by superintendents, to provide 
consistent regulation of creeping bentgrass. How-
ever, if the goal is to reduce the amount of annual 
bluegrass in fairways, consistent regulation is not 
as important as attaining maximum differential 
growth to permit the creeping bentgrass as much 
advantage as possible. Lengthening the period 
between applications to four weeks should make 
creeping bentgrass more competitive, as long as 
you can keep up with the mowing.

Application rates
The second point to consider is varying the 

rates of application throughout the growing sea-
son. Early spring applications can cause seri-
ous turf injury, particularly to annual bluegrass. 
Creeping bentgrass also can be discolored in the 
spring when rates of Cutless or Trimmit are too 
high. When initiating a program in April or May, 
remember that temperatures can be highly vari-
able. Beginning such a program at rates above 8 
ounces/acre (0.058 milliliter/square meter) may 
not cause a problem if the spring conditions are 
warm, but if temperatures are unseasonably cool, 
turf injury could result. Better to be safe and 
always keep the fi rst application at 8 ounces/acre 
(0.058 milliliter/square meter) or less. Summer 
applications are rapidly metabolized by both spe-
cies, and higher rates are tolerated, and needed, to 

maintain consistent growth regulation. However, 
after Aug. 15, nights are getting longer and cooler, 
and rates may need to be reduced to avoid over-
regulation in the fall. 

In our trial, application rates of Trimmit were 
increased from 8 to 16 to 24 ounces/acre (0.058 
to 0.117 to 0.175 milliliter/square meter) over the 
growing season. The fi rst two applications were 
at 8 ounces/acre (0.058 milliliter/square meter), 
the next two were at 16 ounces/acre (0.117 mil-

Cutless, 2005

Annual bluegrass Creeping bentgrass PGR application date
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 Figure 2. Seasonal growth responses of annual bluegrass and creeping bentgrass in 2005 
to sequential applications of Cutless at 8 ounces/acre.

Both Trimmit and Cutless will 
increase leaf blade width with 
repeated use. This photo shows 
the effects of repeated applications 
of Trimmit at 24 ounces/acre (left) 
compared to untreated turf (right). 
The creeping bentgrass in the 
Trimmit-treated plot has noticeably 
wider leaf blades. 
Photos by B. Branham

124-144_Feb 07 Techwell.indd   131124-144_Feb 07 Techwell.indd   131 1/17/07   11:17:32 AM1/17/07   11:17:32 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:  Mon, Jul 10, 2006
Final Due:  Mon, Jul 10, 2006
Company:  Golf Course Management
Contact:  Kelly Neis
Address:  1421 Research Park Drive
City:  Lawrence
State:  KS  Zip:  66049  Country:  USA
Office Phone:  785.832.3646
Email:  kneis@gcsaa.org
�



132  GCM February 2007

research

liliter/square meter), and the fi nal two were at 24 
ounces/acre (0.175 milliliter/square meter). This 
approach yielded better turf quality while limit-
ing early-season turf discoloration. Turf quality 
was rated weekly over the course of the experi-
ment, and annual bluegrass treated with constant 
rates of 8, 16, or 24 ounces Trimmit/acre (0.058 
to 0.117 to 0.175 milliliter/square meter) had aver-
age turf quality ratings of 7.0, 6.3, or 5.0, respec-
tively, on a scale of 1-9, where 9 is the best quality. 
However, with the variable rate approach, aver-
age annual bluegrass turf quality was 6.7. Thus, 
higher overall quality was achieved, even though 
Trimmit application rates reached 24 ounces/acre 
(0.175 milliliter/square meter) by the middle of 
the summer.

Percent annual bluegrass
Finally, application rates should vary based 

on the amount of annual bluegrass in the turf. 
The rates recommended provide excellent growth 
regulation of creeping bentgrass but overregulate 
annual bluegrass. Thus, Cutless or Trimmit can 
seriously reduce annual bluegrass quality, whereas 
they do not affect and may improve creeping bent-
grass quality. At the beginning of an annual blue-
grass reduction program when annual bluegrass 
populations are relatively high, use lower rates of 

these PGRs, particularly in the spring, to avoid 
serious reductions in turf quality. We recommend 
rates as low as 4 ounces product/acre (0.029 mil-
liliter/square meter) for an initial spring applica-
tion on turf that contains 50% or more annual 
bluegrass. Spring applications may need a wider 
interval between applications — four or even fi ve 
weeks — to allow the turf to recover before addi-
tional applications are made. As the conversion 
proceeds, higher rates can be tolerated, because 
the proportion of annual bluegrass in the turf will 
have decreased. 

We view this approach as a multiyear process 
that, if regularly followed, can reduce annual 
bluegrass populations to the 5% to 15% range. 
Once annual bluegrass populations reach this low 
level, the PGR program should be tailored exclu-
sively for creeping bentgrass. Higher rates in the 
summer should be a part of the program. These 
growth regulators offer the possibility of a seam-
less transition, without turf loss, from a turf that 
may contain mostly annual bluegrass to one in 
which annual bluegrass is a minor component. 
Using selective herbicides to remove annual blue-
grass is often impractical when annual bluegrass 
is present in amounts greater than about 20% of 
the turf. These growth regulator programs offer 
an option to effectively reduce annual bluegrass 
populations while maintaining good turf quality.

Putting greens
This research was conducted on fairway-

height grasses. What will happen on putting green 
turf? We can speculate that the same principles 
will be in effect, although the transition will be 
slower than it is on fairways because of the lower 
mowing heights and increased mowing frequency. 
Regardless of the height of cut, creeping bentgrass 
still must outgrow annual bluegrass. This is more 
diffi cult on greens because mowing six to seven 
times each week effectively reduces the rate at 
which creeping bentgrass can crowd out annual 
bluegrass. 

Although the same principles apply, the con-
cerns about reduction in turf quality are even 
greater for putting greens. Using Trimmit or Cut-
less will reduce annual bluegrass on greens, but 
the process may be slower than it is for fairways. 
Differential regulation on greens may cause addi-
tional problems for superintendents. Severely reg-
ulating annual bluegrass in the spring can cause 
seedheads to remain below the height of cut, 
resulting in bumpy putting surfaces. In addition, 
differential regulation can result in a bumpy put-
ting surface when creeping bentgrass outgrows 
annual bluegrass. On putting greens, letting the 

4-week intervals
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 Figure 3. Response of annual bluegrass and creeping bentgrass to Trimmit applied on 
four-week intervals, with an initial application of 8 ounces/acre and subsequent applications of 
16 ounces/acre.
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creeping bentgrass come out of regulation is not a 
good idea because of the effects on putting quality. 
Until annual bluegrass becomes a minor compo-
nent of the turf, the application interval on greens 
would be best kept at three weeks. 

Fall applications 
How late in the fall can Trimmit or Cutless be 

applied? The answer depends on the amount of 
annual bluegrass present. Late-fall applications of 
Trimmit or Cutless can bleach annual bluegrass for 
the remainder of the fall and into the next spring. 
However, we have not observed this bleaching on 
creeping bentgrass. Where the majority of turf is 
creeping bentgrass, applications of Trimmit and 
Cutless can be made as late as early October in 
central Illinois. However, avoid using higher rates 
in fall applications to prevent overregulation of 
the turf.

Caveat
Finally, one caveat regarding our research. We 

measured clipping production but not creeping 
bentgrass stolon growth. We assumed that clip-
ping production and stolon growth are highly cor-
related, but if that is not the case, then some of our 
conclusions may be incorrect. 
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Annual bluegrass can be injured from 
late-season applications of Trimmit, 
but Primo does not cause the bleach-
ing seen here. The third plot from the 
right and the plot on the far right are 
controls, and the third plot from the 
left was treated only with Primo. The 
other plots were treated with Trimmit 
alone or a combination of Trimmit 
and Primo.

➔ Although PGRs suppress 
growth, two in particular, Cutless 
and Trimmit, are used to selectively 
suppress annual bluegrass in creep-
ing bentgrass.

➔ In spring, initial rates of 
Cutless and Trimmit should be 8 
ounces/acre (0.058 milliliter/square 
meter) or less to avoid turf injury. 
Rates can be increased in the sum-
mer when high temperatures result 
in reduced PGR activity.

➔ To promote differential spe-
cies growth, application intervals of 
four weeks may be effective.

➔ Where annual bluegrass is 
50% or more of the turf, application 
rates should be reduced to avoid 
serious reductions in turf quality.

➔ Following a multiyear pro-
gram of PGR use can reduce annual 
bluegrass levels to 5% to 15%.

The research says

Vv
v
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