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Dislodgeable 2,4-D from Athletic Field Turfgrass
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Summary

2,4-D is a selective post-emergence broadleaf herbicide
that is widely used in numerous agricultural crops, for-
estry, aquatics, as well as turfgrass systems including
athletic fields. While 2,4-D has been routinely applied
in numerous commodities worldwide since the 1950’s,
its use has been questioned for decades due to toxico-
logical concerns. Previous research suggests 2,4-D is
not readily dislodged (< 10 % of the applied) from
treated turfgrass after application; however, sample
collections have typically been conducted in the after-
noon when turfgrass foliage is dry. Due to 2,4-D’s high
water solubility coupled with reports stating < 50 % of
applied 2,4-D is sorbed by plants, research was con-
ducted to quantify dislodgeable 2,4-D on a simulated
football field over time. Five sample collection times
within a day (TWD) (5:00, 7:00, 9:00, 11:00, or 13:00)
were evaluated in each of five days after treatment
(DAT) (1, 2, 3, 6, or 12). The author’s hypothesis was
accepted, as dislodgeable 2,4-D decreased as TWD and

DAT increased. While dislodgeable 2,4-D decreases
over DAT are likely due to a culmination of dissipation
processes, data suggest the effect of turfgrass canopy
moisture largely impacts dislodgeable 2,4-D over TWD.
2,4-D residues consistently decreased each day from 1 to
3 DAT at both 5:00 and 7:00, while samples collected
at 9:00 and 11:00 were higher at 1 DAT than 2 or
3 DAT. Further, no differences were detected across
DAT for samples collected at 13:00. When comparing
TWD across DAT, data suggest 2,4-D re-suspends on
treated turfgrass blades overnight, as 2,4-D dislodged
at 13:00 on 1 DAT was 95 % less than samples collected
the following morning at 5:00 and 7:00. Further, 2,4-D
dislodged at 13:00 on 2 DAT was 96 % less than 5:00
at 3 DAT. Correlations between 2,4-D dislodged with rel-
ative humidity and the difference between the ambient
air temperature and dew point suggest this is due to
atmospheric conditions being more favorable for dew
formation at earlier TWD sampling times.

Key words. Cynodon dactylon – herbicide – pesticide exposure – turf
Introduction

Recreational events on managed turfgrass are a common
scene throughout modern society. Athletic grounds and
facilities are certainly not the exception, as there were
> 700,000 managed athletic fields in the United States
(US) in 2003 (NTEP 2003). The National Sporting Goods
Association reported 14 % of the American population
over the age of seven played football, commonly referred
to as soccer in the US, in 2011 (ANONYMOUS 2011). Fur-
ther, a 2006 global survey conducted by the Fédération
Internationale de Football Association found that 265 mil-
lion people, or 4 % of the world population, are active par-
ticipants in organized football (FIFA 2007). Providing an
acceptable turfgrass surface poses many challenges for
athletic field managers. The surface must not only be aes-
thetically pleasing, but also functional and safe. Due to
the presence of certain weed species on athletic fields,
playing surface strength and surface uniformity may be
adversely affected (PUHALLA et al. 1999). Under this sce-

nario player safety is at risk due to poor footing conditions
(STEFFEN et al. 2007). As with most agricultural systems,
synthetic herbicides are commonly utilized to control weeds
on athletic fields.

2,4-dichlorophenoxyacetic acid (2,4-D) is a selective
post-emergence broadleaf herbicide first registered in the
US in 1944, and subsequently released internationally in
the 1950 s (GARABRANT and PHILBERT 2002). This member
of the phenoxy chemical family is currently registered
for use in crops including corn, rice, wheat, and turfgrass
(SENSEMAN 2007). A 2005 report from the US Environ-
mental Protection Agency stated 7.3 million kg of 2,4-D
was applied annually to non-cropland areas including
athletic fields (USEPA 2005). While 2,4-D is routinely
applied in numerous commodities worldwide, its use has
been questioned for decades due to toxicological con-
cerns (GARABRANT and PHILBERT 2002; BUS and HAMMOND

2007). This lead to the formation of the Industry Task
Force II on 2,4-D Research data in 1988, as well as the
submission of 60 toxicology studies conducted in compli-
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ance with good laboratory practice standards using 2,4-D
acid and its dimethylamine salt and 2-ethylhexyl ester
forms (BUS and HAMMOND 2007). Research to date sug-
gests 2,4-D exposure is not associated with soft tissue sar-
coma, non-Hodgkin’s lymphoma, Hodgkin’s disease, or
any form of cancer; however, it may damage the liver and
kidney and irritate mucous membranes (GARABRANT and
PHILBERT 2002).

Following application, pesticides are subject to numer-
ous transport and transformation processes. Chemical prop-
erties pertaining to 2,4-D transport from the intended site
include: high water solubility (Ks = 23,180 mg L–1; pH 5,
20 °C), short soil half-life (T1/2 = 6 d), and moderate soil
organic carbon sorption coefficient (Koc = 20 mL g–1) (EC

2001; USEPA 2005; SENSEMAN 2007). One transport process
that is of particular importance to turfgrass systems is pes-
ticide dislodgement from the intended area onto people.
Previous research has shown workers entering recently-
treated areas or that are improperly clothed may be exposed
to deleterious pesticide concentrations (MCEWEN et al.
1980; BAHARUDDIN et al. 2011). Consequently, regulations
have been enacted to minimize this occurrence in the
workplace. Unlike most traditional agricultural settings,
worker and non-worker entry into areas previously treated
with pesticides is common in turfgrass systems. Further,
in established turfgrass systems, canopies inherently inter-
cept sprayable pesticide applications. Pesticides sorbed to
turfgrass foliage are subject to dislodgement following
equipment or player contact, potentially increasing play-
er-pesticide exposure (CISAR et al. 2001). Research to date
has shown pesticide dislodgement is not a long-term con-
cern following application, as most pesticide half-lives in
turfgrass foliage range from 4 to 10 d (LESLIE 1994; MAGRI

and HAITH 2009). However, appreciable amounts have
been dislodged from turfgrass soon after an applica-
tion. SEARS et al. (1987) reported 10 % of the initially
applied diazinon (0.4 g m–2) was immediately dislodged
from Kentucky bluegrass (Poa pratensis L.). HARRIS and
SOLOMON (1992) conducted an experiment simulating a
park or playground setting where people may unknow-
ingly be exposed to 2,4-D and reported 8 % of the applied
was dislodged on running shoes 1 h following applica-
tion.

Research has shown altering pesticide application tech-
niques and turfgrass management practices, including
mowing and irrigation, may reduce pesticide residues
dislodged from foliage. SEARS et al. (1987) reported gran-
ular applications were 21 times less likely to dislodge
from turfgrass than liquid applications at 0 d after treat-
ment (DAT). The use of irrigation following application
has been found to effectively reduce pesticide dislodge
potential in turfgrass systems. THOMPSON et al. (1984)
reported < 0.01 % of the applied pesticide was dislodgea-
ble 1 DAT in plots irrigated after treatment, while non-
irrigated plots required 7 d to dissipate to the same level.
The researchers also found mowing reduced dislodgeable
2,4-D compared to non-mown plots.

Research to date has not evaluated 2,4-D dislodgeabil-
ity on football fields, which is needed due to the interna-
tional popularity of the sport coupled with its destructive
nature on turfgrass. In this sport it is common for players
to contact the ground surface with adequate force to tear
turfgrass blades, increasing the likelihood of player expo-
sure to pesticide residues. Further, research has not been
published quantifying the effect of time within a day (TWD)
on pesticide dislodgeability. Under certain climatic condi-
tions, athletic field surface moisture may fluctuate through-
out the day. As moisture increases, water-soluble com-
pounds may re-suspend on turfgrass blades and become
more readily dislodged. The objective of this research
was to quantify dislodgeable 2,4-D on a simulated foot-
ball field over time.

Materials and Methods

Site description

A field experiment was conducted from August 25, 2013
to September 5, 2013 (Lake Wheeler Turf Field Lab,
Raleigh, NC, USA; Lat.: 35.738971, Long.: –79.679546)
to quantify dislodgeable 2,4-D over TWD and DAT. The
experiment was conducted on a weed-free, established
hybrid bermudagrass (Cynodon dactylon (L.) Pers. × Cyno-
don transvaalensis Burtt-Davey, cv. ‘Tifway 419’) area main-
tained at a 3 cm height of cut. Soil type was a Cecil sandy
clay loam (fine, kaolinitic, thermic Typic Kanhapludults)
with pH 6.4 and 1.9 % organic matter w w–1. 2,4-D was
not applied 2 yr preceding trial initiation. Finally, select
climatic conditions were logged hourly throughout the
course of this experiment (Table 1).

Experimental design

This experiment was conducted as a randomized com-
plete block design with three replicates of a 5 by 5 facto-
rial treatment arangement. Factors included sampled col-
lections at five TWD (5:00, 7:00, 9:00, 11:00, or 13:00)
in each of 5 DAT (1, 2, 3, 6, or 12 DAT). A nontreated check
was included in each replicate to ensure the trial area was
not contaminated.

Experiment initiation

One day prior to trial initiation, the area was mown (clip-
pings collected) and irrigated to field capacity. The trial
area was not irrigated or mown while the experiment
was ongoing. At experiment initiation, 2,4-D (Amine
400 2,4-D Weed Killer®; PBI/Gordon Corp, Kansas City,
MO, USA) was applied at 0.21 g m–2 to plots measuring
0.75 × 4.5 m (1 m alleys between blocks). Treatments
were applied at 14:00 with a hand-held CO2-pressurized
sprayer calibrated to deliver 187 L ha–1 with one 8004E
flat fan nozzle (TeeJet® flat-fan nozzles; Spraying Sys-
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tems Co., Wheaton, IL, USA) at 179 kPa. This time was cho-
sen because the turfgrass surface was adequately dry while
still allowing for > 5 h sunlight following application. To
ensure 2,4-D was applied at the intended rate over the tri-
al area, glass jars filled to capacity with 60 mL HPLC-
grade water were randomly placed throughout the trial
area and 2,4-D was broadcast applied for subsequent HPLC-
DAD analysis. Analysis determined 2,4-D was applied at
106 % of the intended application rate.

Sample collection

Dislodgeable 2,4-D was quantified by rolling a football
(Franklin Sports Competition 100 Soccer Ball, Size 4;
Franklin Sports, Stoughton, MA, USA) over a 9 m dis-
tance (two 4.5 m side-by-side rolls) within a unique plot.

Ball roll distance was based off of a football rolling over
20 % of the recommended field width (45 m) for youth
ages 10–12 in the US (US YOUTH SOCCER 2013). The foot-
ball was double-wrapped with a 5 × 120 cm strip of cheese-
cloth (100 % cotton cheese cloth; Chef Revival, North
Charleston, SC, USA) and mounted to a hand-held appa-
ratus. The apparatus was designed such that the ball
rotated in the same direction as the cheesecloth strip, thus
allowing for constant cheesecloth contact to the treated
turfgrass surface. While this is not truly representative of
a ball roll when actively playing football, this measure
was required to minimize variation and determine the
maximum dislodgeable 2,4-D at a given sample collec-
tion timing relative to other sampling times. To minimize
time required for sample collections, all footballs were
loaded onto unique rollers and wrapped with cheesecloth

Table 1. Climatic conditions recorded from experiment initiation to 12 d after treatment.a

DATb Time Precipitation 
(mm)c

RH
(%)

Air temp.
(°C)

Dew point
(°C)

AT–DP
(°C)

1 5:00 0 91 21.0 19.5 1.5

7:00 0 91 22.3 20.7 1.6

9:00 0 71 26.6 20.9 5.7

11:00 0 59 29.3 20.6 8.7

13:00 0 61 29.2 21.0 8.2

2 5:00 0 83 24.4 21.3 3.1

7:00 0 76 25.5 21.1 4.4

9:00 0 71 27.1 21.4 5.7

11:00 0 70 27.2 21.4 5.8

13:00 0 61 28.9 20.8 8.1

3 5:00 0 90 19.2 17.6 1.6

7:00 0 91 19.4 17.8 1.6

9:00 0 78 22.2 18.3 3.9

11:00 0 59 26.3 17.9 8.3

13:00 0 47 29.1 16.8 12.3

6 5:00 30 91 21.4 19.9 1.5

7:00 0 92 22.3 20.9 1.4

9:00 0 82 25.1 21.8 3.3

11:00 0 72 28.0 22.6 5.4

13:00 0 64 29.9 22.5 7.4

12 5:00 1 89 17.4 15.6 1.8

7:00 0 87 18.7 16.6 2.1

9:00 0 55 25.2 15.7 9.5

11:00 0 46 28.2 15.8 12.4

13:00 0 38 29.8 14.1 15.7

a Conditions recorded on site at the Lake Wheeler Turf Field Lab (Raleigh, NC, USA).
b Abbreviations: DAT, days after treatment; RH, relative humidity; AT, air temperature.
c Precipitation amounts reflect the total accumulation from the previous sample timing.
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prior to collection. Sample collection over three repli-
cates required < 3 min at all timings. Following the ball
roll, cheesecloth strips were removed, placed in unique
glass jars (473 cm3), and stored at –12 °C for subsequent
HPLC-DAD residue analysis.

Residue analysis

All chemicals used for residue analysis were analytical
grade reagents. Prior to extraction, samples were allowed
to thaw at room temperature (22 °C for 30 min). Water
(100 mL) was added to each sample and were shaken (KS
501 Digital Shaker; IKA Works, Inc., Wilmington, NC, USA)
at 300 rpm for 1 h. After shaking, extract was decanted,
cheesecloth was compressed to remove additional solu-
tion, and the extraction process was repeated with 25 mL
water. Extracts were combined and mixed (VIRTIS “45”
Homogenizer; The VIRTIS Co., Gardiner, NY, USA) for
5 min. A 50 mL aliquot was then taken and centrifuged
(Allegra 6-KR Centrifuge; Beckman Coulter Inc., Brea, CA,
USA) at 3500 rpm for 10 min. 1 mL of each centrifuged
sample was filtered (0.45 μm nylon filter; Fisher Scientific,
Pittsburgh, PA, USA) into a HPLC vial and analyzed by
HPLC-DAD (Agilent-1260 Infinity; Agilent Technologies,
Inc., Wilmington, DE, USA). HPLC parameters included:
C18 silica column (75 mm length × 4.6 mm i.d.) (Poroshell
120 EC-C18; Agilent Technologies, Inc., Wilmington, DE,
USA) and mobile phase acetonitrile:water (0.1 % phos-
phoric acid) (60:40) at a flow rate of 1 mL min–1. 2,4-D
retention time was 0.6 min at 230 nm. Limit of detection
was 1 mg kg–1 while maintaining the signal to noise ratio
at 3:1. Pesticide concentrations were quantified using peak
area measurements (OpenLAB CDS ChemStation, version
C.01.04; Agilent Technologies, Inc., Wilmington, DE, USA).
Residue concentrations outside of the calibration curve
were diluted for reanalysis.

Statistical analyses

Data were subjected to ANOVA (significant level (P) = 0.05).
TWD and DAT were considered fixed effects. Main effects
and their interactions are presented accordingly, with
precedent given to significant interactions (STEELE et al.
1997). Means were separated according to Fisher’s pro-
tected LSD (P < 0.05) with the use of SAS general linear
models (Statistical Analysis Software®; Version 9.2, SAS
Institute, Inc., Cary, NC, USA). Finally, Pearson correlation
coefficients (P = 0.05) were determined to quantify the
relationships between relative humidity and the difference
between air temperature and dew point with dislodgeable
2,4-D following an application.

Results

2,4-D residues were not detected at 6 and 12 DAT. This
may be due to a rainfall event 5 DAT measuring 3 cm.
Previous research has shown dislodgeable 2,4-D decreases
to < 0.01 % of the applied following an irrigation or rain-
fall event, while non-irrigated turfgrass took 7 d to reach
similar concentrations (THOMPSON et al. 1984). Conse-
quently, data from 6 and 12 DAT were not included in the
statistical analysis.

A DAT by TWD interaction was detected in dislodgeable
2,4-D data from 1 to 3 DAT. In general, dislodged 2,4-D
residues decreased at later TWD at all DAT. Further,
across all sampling dates, differences were not detected
between 5:00 and 7:00. Maximum 2,4-D dislodge from 1
to 3 DAT occurred at 5:00 and 7:00 (3,075 and 2,837 μg
2,4-D sample–1, respectively) at 1 DAT (Table 2). The larg-
est decline in 2,4-D residue dislodged at 1 DAT was from
9:00 to 11:00 (1,416 μg decline), while the largest per-
centage decline in 2,4-D dislodged was from 11:00 to

Table 2. Dislodgeable 2,4-D recovered on football rolls over time.a

Time DATb

1 2 3 6c 12

μg sample–1

5:00 3075 1060 437 ND ND

7:00 2837 1224 294 ND ND

9:00 2568 347 249 ND ND

11:00 1152 22 215 ND ND

13:00 56 17 18 ND ND

LSD0.05 382 – –

a Cheesecloth strip (600 cm2) was wrapped twice around a football and rolled over a unique 2,4-D treated area (4,572 cm2) at each 
collection timing.
b Abbreviations: DAT, days after treatment; ND, non-detectable.
c Data from 6 and 12 DAT not included in statistical analysis.
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13:00 (95 % reduction from 1152 to 56 μg, respectively).
At 2 DAT the largest decline in 2,4-D residue dislodged
was from 7:00 to 9:00 (877 μg decline), while the largest
percentage decline in 2,4-D dislodged was from 9:00 to
11:00 (94 % reduction from 347 to 22 μg, respectively).
Differences were only detected 3 DAT between samples
taken at 5:00 (437 μg) and 13:00 (18 μg).

Differences in 2,4-D dislodged over DAT were depend-
ent on TWD. 2,4-D residues consistently decreased each
day from 1 to 3 DAT at both 5:00 (3,075, 1,060, to 437 μg
2,4-D sample–1, respectively) and 7:00 (2,837, 1,224, to
294 μg, respectively) (Table 2). Samples collected at 9:00
and 11:00 were higher at 1 DAT (2,568 and 1,152 μg,
respectively) than 2 or 3 DAT (249–347 and 22–215 μg,
respectively). Further, no differences were detected across
DAT for samples collected at 13:00 (17 to 56 μg). Finally,
data suggest 2,4-D re-suspends on treated turfgrass blades
overnight, as 2,4-D dislodged at 13:00 on 1 DAT was
95 % less than samples collected the following morning
at 5:00 and 7:00, respectively. Further, 2,4-D dislodged at
13:00 on 2 DAT was 96 % less than 5:00 at 3 DAT.

Discussion

Results from this research suggest that 2,4-D dislodgea-
bility declines over DAT depending on TWD. Averaged over
TWD, > 87 % more 2,4-D was dislodged at 1 than 3 DAT.
Averaged over 1 to 3 DAT, 98 % more 2,4-D was dislodged
on samples collected at 5:00 than samples collected at
13:00. Finally, no 2,4-D residues were detected at 6 or
12 DAT, which was attributed to 30 mm precipitation
5 DAT. This agrees with previous research, as THOMPSON

et al. (1984) reported < 0.01 % of 2,4-D applied was dis-
lodgeable at 1 DAT in plots irrigated on the day of applica-
tion.

Data suggest 2,4-D re-suspends on treated turfgrass
blades overnight. A review of the climatic conditions from
0 to 3 DAT suggest this trend may be in part to relative
humidity (RH) and the difference between air tempera-

ture and dew point (Table 1). Relative humidity is a dimen-
sionless ratio, expressed as a percent of the amount of
atmospheric moisture present relative to saturated air;
while dew point is the atmospheric temperature below
which moisture in the air condenses, forming dew (LUTGENS

et al. 2007). While neither parameter solely influences
turfgrass surface moisture, increases in RH and decreases
in the difference between air temperature and dew point
suggest conditions are more favorable for turfgrass sur-
face moisture to increase, and consequently re-suspend
2,4-D residues. Once in solution on the treated turfgrass
blades, residues were more readily transferred onto foot-
balls. This observation is supported by Pearson correlation
coefficients from data collected 1 to 3 DAT, as RH was
strongly positively correlated with dislodgeable 2,4-D
(r ≥ 0.71; P ≤ 0.0005); while a strong negative correlation
between dislodgeable 2,4-D and the difference between
air temperature and dew point (r ≥ –0.72; P ≤ 0.002) were
determined (Table 3). Under conditions favoring mois-
ture in the turfgrass canopy it is predicted 2,4-D’s high
water solubility (Ks = 23,180 mg L–1; pH 5, 20 °C) cou-
pled with turfgrass surface moisture cause the compound
to re-suspend and consequently, become more readily
dislodged from treated turfgrass (EC 2001). Another pro-
cess that may increase dislodgeability in mornings is
plant guttation, or the exudation of aqueous materials
from hydathodes (SINGH and SINGH 2013). COUPLAND and
PEABODY (1981) and HOFFMAN and CASTLE (2012) reported
pesticides were detected in guttation following pesticide
applications.

General data trends from this experiment agree with
previous 2,4-D dislodge research. THOMPSON et al. (1984)
reported dislodgeable 2,4-D declined from ≈ 6 to < 2 %
from 0 to 2 DAT, respectively. In the presented research,
samples collected at 14:00 on 0 DAT dislodged 10 % of
the applied (data not shown) and declined to 1.3 % at
7:00, 2 DAT. The higher initial amount of 2,4-D dislodged
may be due to varying turfgrass species and mowing
heights between experiments. Interestingly, 2,4-D dis-
lodged at 1 h (736 μg 2,4-D sample–1) following applica-

Table 3. Pearson correlation coefficients for the relationships between relative humidity and the difference between air
temperature and dew point with dislodgeable 2,4-D following an application.a

Climatic parameters DATb

1 2 3

μg 2,4-D sample–1c

Relative humidity 0.83 – 0.83 – 0.71 –

Air temperature – dew point – –0.84 – –0.82 – –0.72

P 0.0005 0.0002 0.0003 0.0003 0.0032 0.002

a Conditions recorded on site at the Lake Wheeler Turf Field Lab (Raleigh, NC, USA).
b Abbreviation: DAT, days after treatment.
c Total 2,4-D (μg) residue detected per sample over all sample timings within a day.
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tion declined 93 % from samples collected immediately
after application (9,840 μg) (data not shown). These data
suggest 2,4-D dislodgeability is greatly reduced when given
adequate time to dry on turfgrass foliage.

Data from this research confirm humans may be exposed
to 2,4-D from treated turfgrass; however, when given ade-
quate time to dry following an application it is not readily
dislodged. Aside from samples taken immediately after
application, maximum 2,4-D dislodgement occurred at
5:00, 1 DAT (3,075 μg 2,4-D sample–1). This residue con-
centration equates to 3.2 % of the 2,4-D applied was dis-
lodged via one football roll over a 9 m distance. Further,
< 1.1 and 0.5 % of the applied were dislodged at all sam-
ple timings 2 and 3 DAT, respectively. While these values
represent a small percentage of the total applied, samples
were collected to simulate one ball roll over a relatively
short distance in terms of common football play. The
effect(s) of multiple ball rolls or rolls over a greater dis-
tance on the total amount of 2,4-D dislodged in a match
was not addressed in this experiment. Further, the cumu-
lative effect of players participating in multiple matches
over the course of time should be considered when inter-
preting the presented data. Finally, data suggest 2,4-D was
many times more likely to be dislodged in the morning
hours compared to the afternoon. This is concerning for
player exposure, as matches commonly occur in the morn-
ing hours to avoid warm afternoon conditions, especially
youth soccer matches.

The World Health Organization’s daily acceptable 2,4-D
daily human intake is 300 μg kg–1 d–1 (KAMRIN 1997).
Average body masses of boys and girls age 10 are 36.4 and
36.1 kg, respectively, meaning acceptable daily 2,4-D
intake is 10920 and 10830 μg, respectively (USEPA 1997).
2,4-D dislodged at 5:00, 1 DAT in the presented research
represents 28 % of the acceptable daily intake. The authors
want to acknowledge that this value assumed 100 % of
the dislodged 2,4-D residue transfers to a human, which
is an unlikely occurrence. Further, the utilized methods in
this research inherently overestimate dislodgeability under
in vitro conditions.

We conclude that 2,4-D dislodgeability varies over TWD
following application. Based off our research, this trend
was only observed through 2 DAT, as little differences
were detected between TWD beyond this time. This may
be attributed to various transfer and transformation pro-
cesses, namely plant uptake and metabolism, respectively,
as well as environmental transformation processes. Based
off this research, workers and non-workers should enter
athletic fields recently-treated with 2,4-D with caution
for 2 d following an application. Data suggest afternoon
hours in the days immediately following an application are
safe for re-entry; however, individuals should be aware
that this is dependent on the surface conditions and not a
specific TWD. In general, conditions favoring turfgrass
canopy drying reduce the potential to dislodge 2,4-D.
Further, potential issues associated with dislodging 2,4-D
residues can be mitigated by making applications when

athletic events are not scheduled for 2 d following an appli-
cation. Future research should evaluate similar research
objectives with alternate turfgrass pesticides and species,
as well as post-application management practices, includ-
ing irrigation and mowing, to reduce dislodgeable pesti-
cide residues from turfgrass surfaces.
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