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Abstract

The annual bluegrass weevil (ABW) is a pest of fine turfgrass, but recent research has found that
withholding insecticides for ABW control can reduce annual bluegrass cover. The objective of
this research was to evaluate threshold-based insecticide and paclobutrazol programs for
annual bluegrass control. The effect of three insecticide programs (preventive, threshold,
and no insecticide) and four rates of paclobutrazol (0, 70, 105, or 210 g ha−1 applied monthly)
were evaluated. Replicate experiments were conducted from April to November in both 2018
and 2019 on a mixed creeping bentgrass and annual bluegrass fairway in North Brunswick, NJ.
By the conclusion of both experiments, all paclobutrazol programs exhibited reduced annual
bluegrass cover compared with the nontreated plots. In threshold and no-insecticide programs,
reduction in annual bluegrass cover was enhanced by paclobutrazol applied at 105 g ha−1 in
both years, and at 70 g ha−1 in the 2019 experiment. Paclobutrazol at 210 g ha−1 resulted in
annual bluegrass cover of <20% regardless of insecticide program. In 2019, threshold-based
ABW control without paclobutrazol provided similar annual bluegrass control as monthly
applications of paclobutrazol at 70 and 105 g ha−1 with the preventive insecticide program.
A reduction in turfgrass quality from threshold-based insecticide programs persisted for a
shorter duration than the no-insecticide program, regardless of paclobutrazol treatment.
Threshold-based ABW insecticide programs that allow ABW feeding damage to occur can
result in reduced annual bluegrass cover. These reductions were further enhanced by paclobu-
trazol applications. The combination of threshold-level insecticide with moderate rates of
paclobutrazol (70 to 105 g ha−1) provided reductions in annual bluegrass cover that were similar
to the highest rate of paclobutrazol (210 g ha−1) without ABW damage. Turfgrass managers
who integrate the threshold-level insecticide approach and monthly paclobutrazol applications
may achieve greater annual bluegrass control than either strategy alone if temporary reductions
in turf quality can be tolerated.

Introduction

Annual bluegrass s one of the most well-studied weeds of cool season turfgrass (Beard et al.
1978). Tolerant to low mowing heights and well adapted to turfgrass systems, annual bluegrass
exhibits r-species behavior, producing large amounts of seed to rapidly colonize new areas and
reestablish transient populations throughout the year (Kaminski and Dernoeden 2007; Lush
1988; Tutin 1952). Annual bluegrass is more prone to injury from abiotic and biotic stress than
other cultivated cool-season turfgrass species, including creeping bentgrass, and typically
requires more supplemental management to mitigate annual bluegrass decline and provide
acceptable turfgrass quality in the summer (Hempfling et al. 2017; Inguagiato et al. 2008,
2009, 2012; Ong et al. 1978; Schmid et al. 2017). Infestations are difficult to eradicate, thus even
though annual bluegrass is considered to be a weed, management practices to optimize its
growth are often adopted to preserve the integrity of the sward.

The use of postemergence herbicides such as amicarbazone, bispyribac-sodium, and etho-
fumesate for annual bluegrass control in cool-season turfgrass is often limited by the poor tol-
erance that creeping bentgrass has to them (McCullough andHart 2006;McCullough et al. 2010;
Meyer and Branham 2006; Yu et al. 2015). In addition, selective herbicides are typically not
suitable for severe infestations where rapid annual bluegrass control would leave large voids
in the turf sward (Lycan and Hart 2006). Alternatively, the gibberellic acid (GA) biosynthesis
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inhibitors paclobutrazol and flurprimidol, often referred to as plant
growth regulators (PGRs), offer more gradual annual bluegrass
control (Johnson and Murphy 1996; McCullough et al. 2005;
Patton et al. 2019; Woosley et al. 2003).

PGRs have many applications in turfgrass management, and
because annual bluegrass is more sensitive to paclobutrazol and
flurprimidol than desirable turfgrass species, repeated PGR appli-
cations can reduce the competitive advantage of annual bluegrass
on putting greens and fairways, thus reducing annual bluegrass
populations over time (McCullough et al. 2005, Patton et al.
2019, Woosley et al. 2003). Considerably less research is available
regarding paclobutrazol for annual bluegrass control on golf course
fairways, even though they comprise approximately 10 times more
acreage than putting greens (Lyman et al. 2007).

Paclobutrazol and flurprimidol efficacy against annual blue-
grass is contingent on application frequency. Research carried
out by Woosley et al. (2003) noted that monthly applications of
paclobutrazol (0.28 and 0.14 kg ha−1) from March to August
resulted in 85% annual bluegrass control in creeping bentgrass fair-
ways. McCullough et al. (2005) found that regimens of paclobutra-
zol (0.42 to 0.56 kg ha−1) applied sequentially provided better
annual bluegrass control than single spring or summer applica-
tions to creeping bentgrass fairways. Bigelow et al. (2007) found
that a monthly application of flurprimidol reduced annual blue-
grass cover from >30% to <10% on creeping bentgrass fairways.
Diehl et al. (2021) reported that 2 yr of monthly application of
paclobutrazol (280 g ha−1) eliminated annual bluegrass in a simu-
lated creeping bentgrass fairway (initially 80% cover), whereas 35%
cover remained in nontreated plots. Yet, at a second site with more
perennial annual bluegrass populations, 2 yr of the same paclobu-
trazol regime was less effective. Although the effects of PGR rate
and frequency for annual bluegrass control in fairways is relatively
well understood, far less is known about how they interact with
other pest management practices.

Recent research has identified a native and endemic pest, the
annual bluegrass weevil (ABW), as a biological control for annual
bluegrass in creeping bentgrass fairways (Diehl et al. 2021). The
ABW has been recognized as a pest of cool-season turfgrass in the
northeastern United States since 1931, and its ovipositional pref-
erence for annual bluegrass over creeping bentgrass is well doc-
umented (Britton 1932; Cameron and Johnson 1971;
Kostromyska and Koppenhöfer 2014, 2016). This preference is
showcased by overwintering ABW adults as they emerge in spring
and lay their eggs inside the grass stem between the leaf sheaths
(Cameron and Johnson 1971). Those eggs hatch into larvae and
go through five instars before pupating into new adults, complet-
ing the life cycle. Although small larvae are able to tunnel the
stem, they eventually become too large and exit the plant.
Fourth and fifth instar generations feed on the base of the plant,
severing stems and potentially damaging the crown, which can
cause substantial plant injury (Cameron and Johnson 1971).
Although ABW may produce up to three generations each year,
the first-generation larvae typically cause the most severe turf-
grass damage (Cowles et al. 2008; Vittum et al. 1999). For this
reason, turf managers often apply insecticides to control adults
before egg-laying and then apply more insecticide to control lar-
vae (McGraw and Koppenhöfer 2017). As a result of repeated
insecticide applications, widespread pyrethroid-resistant ABW
have been reported, including several cases of cross-resistance
(Koppenhöfer et al. 2018; Kostromytska et al. 2018). Such exces-
sive insecticide use warrants the development of alternatives to
synthetic insecticides for the management of ABW.

Previous research by these authors investigated whether paclo-
butrazol at 280 g ha−1 applied monthly enhances biological control
of annual bluegrass by the ABW in a 2-yr field study. This paclo-
butrazol program was extremely effective alone and we were not
able to observe whether it was enhanced by annual bluegrass con-
trol from the ABW (Diehl et al. 2021). Therefore, the objective of
this research was to determine whether ABW larvae could control
annual bluegrass alone or in combination with applications of
paclobutrazol. Various rates of paclobutrazol were selected to
observe the rate-response of this interaction.We hypothesized that
withholding insecticides as a way of controlling ABW would
reduce annual bluegrass cover in creeping bentgrass fairways
and that paclobutrazol applied monthly would further increase
that control.

Materials and Methods

Research was conducted in 2018 and 2019 on two adjacent sites
infested with annual bluegrass and a history of ABW infestation
on a simulated creeping bentgrass fairway at Rutgers Hort Farm
No. 2 in North Brunswick, NJ (40.47027289438639°N,
74.4219104919815°W). Annual bluegrass cover was initially uniform
and visually estimated to be 80% and 74% in April 2018 and 2019,
respectively. The fairway was grown on aNixon silt loam (fine-loamy,
mixed, semiactive, mesic TypicHapludults), pH 6.1, andmown thrice
weekly to 1 cm with a triplex reel mower. Irrigation was provided to
optimize annual bluegrass growth, and nitrogen fertilizer was applied
as needed at 10 to 25 kg ha−1, totaling 90 to 135 kg N ha−1 annually.
Fungicides were applied every 3 wk from April to October to prevent
turfgrass diseases including dollar spot (caused by Clarireedia jackso-
nii), brown patch (caused by Rhizoctonia solani), summer patch
(caused by Magnaporthe poae), and anthracnose (caused by
Colletotrichum graminicola). Each July, imidacloprid (Merit; Bayer,
Research Triangle Park, NC; 0.34 kg ha−1) was applied to all plots
to control white grub (Coleoptera: Scarabaeidae).

Treatments were applied to 1.0- by 2.0-m plots, arranged in a
complete factorial design (paclobutrazol rate and insecticide pro-
gram), replicated four times, and arranged in a randomized com-
plete block design. Treatments were applied using a CO2-powered
backpack sprayer equipped with a AI9504EVS nozzle (Teejet
Technologies, Springfield, IL) at a carrier volume of 420 L ha−1

at 310 kPa. Paclobutrazol and systemic insecticides were watered
in with 2.5- to 7.5-mm irrigation within 24 h after application.

Four rates of paclobutrazol were evaluated: high (210 g ha−1),
middle (105 g ha−1), low (70 g ha−1), and a nontreated control.
Paclobutrazol was applied on a monthly basis beginning at annual
bluegrass seedhead shatter (May 2, 2018, and May 3, 2019) and
ending in October (19th in 2018, and 18th in 2019). Rates were
selected based on a dose-response greenhouse experiment using
the same biotype of annual bluegrass present at the experiment site
(data not presented) and rates commonly used by practitioners.

The three insecticide programs evaluated for annual bluegrass
control used different insecticides and application timings to allow
for various levels of ABW damage (Table 1). To optimize insecti-
cide applications, the site was scouted frequently to elucidate the
trajectory of larval development. Adults and larvae were sampled
thrice weekly from May through June. Adults were collected using
a leaf blower (Echo ES-250 Shred “N’Vac; ECHO Inc. Lake Zurich,
IL) with inverted air flow and fitted with a mesh insert to capture
adults. Larval densities were estimated by taking four cores (5.2 cm
in diam, 5.0 cm in depth) with a turf plugger (Duich Ball Mark
Plugger BMP1-M) from each 1- by 2-m plot. Larvae were collected
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using a standard salt solution extraction method as described by
Koppenhöfer et al. (2018); and larval densities were used to inform
insecticide application timings (McGraw and Koppenhöfer 2009).

The preventive insecticide program was based on a current
industry standard with excellent efficacy. The objective of this pro-
gramwas to prevent ABWdamage. Cyantraniliprole was applied at
160 g ha−1 to target first- and second-instar larvae approximately 2
wk after peak densities of overwintered adults were observed. This
was followed by indoxacarb applied at 250 g ha−1 approximately 2
wk later to control larger and later-emerging larvae. Spinosad (450
g ha−1) was applied in July to protect turfgrass from ABW larvae of
later generations.

The threshold program used a strategy that would be practical
for a turfgrass manager wishing to use ABW as part of an inte-
grated program for annual bluegrass control. No insecticides were
applied until visual evaluations deemed turfgrass quality to be
unacceptable (ranked from 1 to 9, poor to excellent; where 6
was acceptable), as described by the National Turfgrass
Evaluation Program (Kranz and Morris 2007). Once the damage
threshold was met, cyantraniliprole was applied at 290 g ha−1 to
prevent further ABW damage. Spinosad (450 g ha−1) was applied
in July to protect turfgrass from ABW larvae of later generations.
2019 an additional 290 g of cyantraniliprole was applied to both the
preventive and threshold programs on July 30, to control ABW
from causing further damage by later generations. No insecticides
were ever applied for ABW control in the no-insecticide program.

To evaluate the efficacy of ABW control in the insecticide pro-
grams, larval densities were assessed as described above on June 4,
2018, and May 23, 2019, when larvae averages exceeded L3, but
before most advanced larvae pupated into new adults.

To determine turfgrass species composition, annual bluegrass
cover was evaluated visually on a 0% (no cover) to 100% (complete
cover) scale monthly from May through November. At the end of
each growing season in October or November, two 91- by 91-cm
grids fitted with 100 evenly spaced intersects each were placed over
each plot, and the plant species (annual bluegrass or creeping

bentgrass) at each intersect was recorded to estimate percent cover.
Turfgrass quality was assessed monthly based on uniformity of
cover, density, and color on a 1 to 9 scale (poor to excellent, where
6 was acceptable; Kranz and Morris 2007). Annual bluegrass qual-
ity and creeping bentgrass quality were also evaluated independ-
ently each month. To determine green cover, lightbox photos
were taken each month of the growing season in 2018 using a dig-
ital camera (Canon PowerShot G16; Canon U.S.A., Inc., Melville,
NY) with saved calibrated settings as described by Karcher and
Richardson (2003). Digital images were not collected in 2019.
Photographs were subjected to digital image analysis with
TurfAnalyzer software (Green Research Services, LCC,
Fayetteville, AR; threshold set to hue: 50–140, saturation: 10–
100, brightness: 0–100; Karcher et al. 2017).

Model assumptions were tested through residual analysis
(Shapiro-Wilk statistic) using SAS software (v9.4; Statistical
Analysis Software, Cary, NC) and no transformations were
required. Data were subjected to ANOVA using the GLIMMIX
procedure in SAS with replication (block) as a random effect
and insecticide program and paclobutrazol rate as fixed effects
(McIntosh 1983). Fisher’s protected LSD test (α = 0.05) was used
to separate means. Data were analyzed separately by year, because
natural ABW larval densities varied, and main effect by year inter-
actions occurred on several dates. A Pearson’s correlation coeffi-
cient was calculated in SAS between annual bluegrass cover
determined using grid intersect counts and by visual estimation.

Results and Discussion

Insecticide Program Efficacy

In 2018 and 2019, the preventive insecticide program controlled
90% of ABW larvae relative to nontreated plots (data not pre-
sented). Threshold insecticide efficacy was not fully realized in
2018, because larvae were sampled just 5 d after cyantraniliprole
(290 g ha−1) was applied. Even so, threshold insecticide use resulted
in reduced larval densities compared to the no-insecticide program
in 2018 (522 larvae m−2 relative to 1,626 larvae m−2 in the non-
treated plots, and 37 larvae m−2 in the preventive program). In
2019, larvae were sampled before the damage threshold was met
and threshold plots had not been treated. Overall larval densities
were higher in 2019 than in 2018 with 2,704 larvae m−2 in the non-
treated plots, but the preventive program still provided 90% ABW
control (272 larvae m−2).

Annual Bluegrass Cover

The main effects of paclobutrazol and insecticides were significant
on multiple dates each year, and a significant interaction between
paclobutrazol and insecticides was detected at the final evaluation
of both 2018 and 2019 experiments.

In 2018, paclobutrazol used at all rates reduced annual bluegrass
cover starting in June (Table 2). In October and November 2018,
middle and high rates of paclobutrazol reduced annual bluegrass
cover to <30% compared to >65% cover when no paclobutrazol
was applied. The low rate (70 g ha−1) of paclobutrazol reduced
annual bluegrass cover compared to no paclobutrazol use on several
dates in 2018, but was generally not as effective as the middle and
high rates. In 2019, paclobutrazol used at all rates reduced annual
bluegrass cover similarly from August through October.

These results concur with those from previous paclobutrazol
research; monthly applications of paclobutrazol provided annual
bluegrass control in creeping bentgrass fairways, and few differences

Table 1. Annual bluegrass weevil insecticide programs and application timings
in North Brunswick, NJ, in 2018 and 2019.a

Program Rate
Target larval

stage Application date

AI g ai ha−1 —1 to 5 instar— 2018 2019
Preventive program

Cyantraniliprole 163 1 to 3 May
14

May 7

Indoxacarb 252 3 to 5 May
30

May 15

Spinosad 454 3 to 5 July
23

July 18

Cyantraniliprole 290 3 to 5 July
30

–

Threshold programb

Cyantraniliprole 290 3 to 5 May
30

May 24, June
4c

Spinosad 454 3 to 5 July
23

July 18

Cyantraniliprole 290 3 to 5 July
30

–

No insecticide program

aOverwintering generation development was monitored weekly from May through June and
used to schedule initial insecticide applications.
bInsecticides were applied to the threshold program once visual evaluations determined
turfgrass quality was unacceptable (i.e., <6 on a 1 to 9 scale where 9 = excellent turf quality).
cDue to natural variations in annual bluegrass weevil pressure, blocks 1 and 2 reached the
damage threshold on May 24, 2019, blocks 3 and 4 met the damage threshold 10 d later.
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between rates occurred after several months of applications
(McCullough et al. 2005; Woosley et al. 2003). Similar to observa-
tions by McCullough et al. (2005), in our study, annual bluegrass
coverage across all treatments was also highest in the spring and
declined through summer into fall. In 2018, monthly applications
of paclobutrazol at 105 and 210 g ha−1 provided 74% to 84% annual
bluegrass control at the end of the season. These results are similar to
those reported by Woosley et al. (2003), that a year of monthly
paclobutrazol applications (140 g ha−1 and 280 g ha−1) resulted
in 85% annual bluegrass control on fairways.

Irrespective of paclobutrazol rate, the main effect of insecticides
use also influenced annual bluegrass cover on many rating dates in
2018 and 2019 (Table 3). Treatment effects were similar both years,
but greater ABW larval densities likely explain greater annual blue-
grass cover reductions in threshold and no-insecticide programs
during June and July 2019 compared to 2018. On most dates in
2018 and 2019, the no-insecticide program had less annual blue-
grass cover than the preventive program (Table 3). The threshold
and preventive programs resulted in similar annual bluegrass cover
onmost dates in 2018 when averaged across paclobutrazol rates. In
2019, both the threshold and no-insecticide programs resulted in
less annual bluegrass cover than the preventive program in June,
July, and October.

Main effect interactions were detected in autumn 2018 and
2019 (P < 0.009 and 0.001, respectively) at the conclusion of both
experiments (Figure 1 A and B). At the conclusion of both experi-
ments, the threshold and no-insecticide programs resulted in less
annual bluegrass cover than preventive programs when treated
with the middle rate of paclobutrazol or no paclobutrazol.
Annual bluegrass cover was lowest in all treatments that received
the high rate of paclobutrazol and in the threshold and no-insec-
ticide programs that received middle rates of paclobutrazol (8% to
20%). In 2019 but not 2018, the low rate of paclobutrazol combined
with threshold and no-insecticide programs also resulted in the
lowest annual bluegrass cover.

In both years, annual bluegrass cover was highest (83% and
56%) in the preventive program not treated with paclobutrazol,
and all rates of paclobutrazol (regardless of insecticide use) reduced
cover relative to that treatment. Similar to previous findings by
Diehl et al. (2021) in which paclobutrazol was applied at 280 g

ha−1, no differences between insecticide programs were observed
in plots that received the high paclobutrazol rate. Of the programs
that aimed to preventively treat ABW, all paclobutrazol rates
resulted in reduced annual bluegrass cover. Interestingly, the
non-paclobutrazol-treated threshold and no-insecticide programs
had similar cover to that of preventive programs that received low
and middle rates of paclobutrazol in October 2019. Cover in the
no-insecticide program not treated with paclobutrazol was similar
to that of the threshold program treated with paclobutrazol.

Main effects were significant in autumn grid count data taken
November 2018, and October 2019 (P< 0.001; data not presented).
Interactions were not significant in 2018 or 2019; however, grid
count data correlated with visual observations (2018, r= 0.87,
P< 0.001; 2019, r= 0.70, P< 0.001) taken the same month
(Figure 1).

Turfgrass Quality

The main effects of paclobutrazol rate and insecticide programs
affected turfgrass quality (P< 0.05) on several dates. Interactions
were not significant on any date and will not be presented.

Averaged across insecticide programs, turfgrass quality was
reduced to unacceptable (<6) levels in plots treated with 210 g
ha−1 paclobutrazol from May 31 and July 22, 2018, and in May
2019 (Figure 2). This coincides with peak feeding of ABW larvae.
The no-paclobutrazol treatment resulted in higher turfgrass qual-
ity on several dates in 2018, likely a function of high annual blue-
grass cover in the turf sward.

Averaged across paclobutrazol programs, withholding insecti-
cides for ABW control resulted in reduced turfgrass quality in
threshold and no-insecticide programs on several dates in May
2018 and 2019 when ABW larvae were feeding (Figure 3).
Insecticide use also affected turfgrass quality from June to
August in 2018 and May to July 2019; the no-insecticide programs
resulted in lower quality turfgrass than other programs on most
dates. In June 2018 and 2019, following damage from the first
ABW generation, quality was lower in the no insecticide program
(4.9 and 4.3), greater in the threshold program (6.2 and 5.8) and
greatest in the preventive program (7.1 and 7.3, in 2018 and
2019, respectively). Turfgrass in the no-insecticide program did

Table 2. Effects of paclobutrazol rate (0, 70, 105, or 210 g ha−1, applied monthly from May to October) on annual bluegrass cover (averaged across annual bluegrass
weevil insecticide programs) in 2018 and 2019 on a simulated creeping bentgrass fairway in North Brunswick, NJ.

Annual bluegrass cover in 2018

Rate May 14 June 22 July 22 August 24 September 21 October 30 November 30

g ha−1 ——————————————————————————————————%————————————————————————

0 80 aa 74 a 69 a 55 a 59 a 65 a 69 a
70 80 a 58 b 49 b 53 a 46 ab 38 b 35 b
105 75 b 53 bc 43 bc 40 b 35 bc 26 c 18 c
210 72 b 42 c 40 c 32 b 30 c 23 c 11 c
Pr > F 0.01 0.001 0.04 0.0001 0.005 0.0001 0.0001

Annual bluegrass cover in 2019

Rate May 1 June 7 July 9 August 16 September 10 October 25

g ha−1 ——————————————————————————————%———————————————————————————

0 73 23 26 ab 26 a 45 a 40 a
70 73 21 17 c 13 b 25 b 23 b
105 75 20 22 bc 19 b 27 b 20 bc
210 75 21 29 a 13 b 21 b 13 c
Pr > F NSb NS 0.002 0.001 0.0002 0.0001

aCommon letters indicate means are not different according to Fisher’s protected LSD (α= 0.05) on dates of significance.
bAbbreviation: NS, not significant.
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Table 3. Effect of annual bluegrass weevil insecticide programs on annual bluegrass cover.a

Annual bluegrass cover in 2018

ABW program June 22 July 22 August 24 September 21 October 30 November 30

——————————————————————————%————————————————————————————

Preventive 70 ab 52 ab 50 a 45 a 40 39 a
Threshold 60 a 60 a 48 a 46 a 41 31 b
No insecticides 41 b 40 b 38 b 37 b 33 29 b
Pr > F 0.0001 0.02 0.02 0.04 NS 0.009

Annual bluegrass cover in 2019

ABW program May 1 June 7 July 9 August 16 September 10 October 22

————————————————————————————%—————————————————————————

Preventive 76 41 a 34 a 23 a 24 33 a
Threshold 72 14 b 19 b 18 ab 29 23 b
No insecticides 73 9 b 16 b 13 b 27 15 c
Pr > F NS 0.002 0.0001 0.008 NS 0.0001

aAveraged across paclobutrazol rates 0, 70, 105, or 210 g ha−1, applied monthly from May to October in 2018 and 2019, on a simulated creeping bentgrass fairway in North Brunswick, NJ.
bCommon letters indicate means are not different according to Fisher’s protected LSD (α= 0.05) on dates of significance.
cAbbreviations: ABW, annual bluegrass weevil; NS, not significant.

Figure 1. Effect of paclobutrazol and annual bluegrass weevil insecticide program on visual annual bluegrass cover on November 30, 2018 (A) and October 22, 2019 (B), and on
annual bluegrass cover as counted on grid intersects when in November 2018 (C) and October 2019 (D). Experiments were located adjacently on a simulated creeping bentgrass
fairway in North Brunswick, NJ. Error bars indicate Fisher’s protected LSD (α= 0.05) values. NS indicates not significant.
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not recover to acceptable quality until August 27, 2018, and July 5,
2019. In 2019, quality of the threshold and preventive programs
were similar by July 5 (7.0 and 7.1 respectively), while the no-insec-
ticide program displayed lower, although acceptable, quality (6.3)
on the same date. Annual bluegrass recovery following ABW dam-
age was attributed to annual bluegrass emerging from surviving
crowns. Such resilience following seemingly severe ABW injury

likely explains the fleeting effect the ABW often had on turfgrass
quality after larvae were controlled. This may also explain why
ABW damage did not always translate into season-long annual
bluegrass control. Creeping bentgrass quality was not influenced
by the insecticide program at any time (data not presented).

In 2018, green cover data obtained through image analysis sup-
port turfgrass quality observations (Figure 4). One day after the

Figure 2. Effect of paclobutrazol rate (0, 70, 105, or 210 g ha−1 applied monthly) on turfgrass quality (evaluated on a 1-to-9 [poor to excellent] scale, with 6 being acceptable) in
2018 (A) and 2019 (B). Experiments were located on adjacent simulated creeping bentgrass fairways in North Brunswick, NJ. Means presented are combined across insecticide
programs. Arrows indicate when threshold-based insecticides were applied (May 30, 2018, and May 24 and June 4 in 2019, to reps 1–2 and 3–4, respectively). Error bars indicate
Fisher’s protected LSD (α= 0.05) values on dates of significance. NS indicates not significant.

Figure 3. Main effect of annual bluegrass weevil insecticide program (preventive, threshold, and no insecticide) on turfgrass quality (evaluated on a 1-to-9 [poor to excellent]
scale, with 6 being acceptable) in 2018 (A) and 2019 (B). Arrows indicate when threshold-based insecticides were applied (May 30, 2018, and May 24 and June 4 in 2019, to reps 1–2
and 3–4, respectively). Experiments were located on adjacent simulated creeping bentgrass fairways in North Brunswick, NJ. Error bars indicate Fisher’s protected LSD (α= 0.05)
values on dates of significance. NS indicates not significant.
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cyantraniliprole application to threshold treatments on June 1,
2018, green cover was lower in threshold and no-insecticide pro-
grams (80%, relative to 99% in the preventive). Four days later, pre-
sumably due to ABW feeding, green cover in the no-insecticide
plots was 65% but remained unchanged in the threshold and pre-
ventive treatments. Green cover remained lower (61% to 66%) in
the no-insecticide treatments in the following weeks, while it
increased in the threshold treatments (80% to 92%). The preven-
tive program had >79% cover on each date. All programs had
>98% green cover in August and there were no differences between
programs for the rest of the year.

Research Implications

Threshold-based ABW control provided annual bluegrass control
with transient reductions in turfgrass quality. Annual bluegrass
quickly recovered from ABW damage after insecticides were
applied, but monthly applications of paclobutrazol at moderate
rates (105 g ha−1) slowed annual bluegrass recovery, and consis-
tently increased the efficacy of threshold-based and no-insecticide
programs for annual bluegrass control. Efficacy of the threshold-
based program was not consistently enhanced by monthly appli-
cations of paclobutrazol at 70 g ha−1, whereas 210 g ha−1 was effec-
tive regardless of ABW insecticide program. Although the no
insecticide program effectively controlled annual bluegrass, it
resulted in poor turfgrass quality for a long period of the growing
season and is not a practical strategy for turfgrass managers. The
threshold-based insecticide program resulted in poor turfgrass
quality for short (<3 wk) periods. Annual bluegrass control pro-
vided by the threshold-insecticide program combined with paclo-
butrazol at 105 g ha−1 was similar to that provided by paclobutrazol
at 210 g ha−1 when insecticides were applied to prevent ABW
damage.

The use of threshold-based ABW insecticidal control adheres to
the principles of integrated pest management for both the ABW
and annual bluegrass. Applying insecticides according to this
threshold approach reduces paclobutrazol rates necessary for

annual bluegrass control, saving practitioners time and money if
limited and temporary reductions in turf quality can be accepted.

Future research should evaluate the effect of initial annual blue-
grass cover on annual bluegrass control with threshold-based
ABW control. More creeping bentgrass and less annual bluegrass
cover might allow ABW to cause more annual bluegrass damage
before unacceptable turfgrass quality necessitates an insecticide
application, resulting in greater annual bluegrass control.
Further research should also evaluate ABW efficacy for annual
bluegrass control in stands of other turf species, because we
hypothesize that the stoloniferous vegetative growth habit of the
bentgrass aided in its establishment over weakened annual blue-
grass during the summer months.
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