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Abstract. Creeping bentgrass (Agrostis palustris Huds.) putting greens are commonly
infested with crabgrass (Digitaria spp.) and goosegrass [Eleusine india (L.) Gaertn.];

however, many herbicides have the potential to severely injure this turfgrass species.

A field investigation was conducted over 2 years to determine the tolerance of creeping
bentgrass to various herbicides. Trifluralin plus benefin (2.2 to 6.7 kg-ha™), dithiopyr

(0.37 to 1.1 kg-ha®), and prodiamine (0.5 to 1.7 kg-ha') did not injure creeping

bentgrass. Pendimethalin caused only slight injury when applied at 3.4 kg-ha®, but

injury increased in 1 of 2 years when applied at 2 6.7 kg-ha®. Creeping bentgrass was
severely injured when treated with benefin plus oryzalin (34.5 kg-ha®), fenoxaprop
(0.07 kg-ha"), and oxadiazon (3.4 kg-ha®) granular and WP formulations and, there-

fore, should not be applied to the turf. Chemical names used: N -butyl- N -ethyl-2, 6-

dinitro-4-(trifluoromethyl) benzenamine (benefin); S,S-dimethyl 2-(difluoromethyl-4-

(2-methylpropyl)-6-(trifluoromethyl-3, 5-pyridinedicarbothioate (dithiopyr); () 2-[4-
[(6-chlor 0-2-benzoxazolyl)oxy]phenoxy]propanoic acid (fenoxaprop); 4-(dipropyl-

amino)-3,5-dinitrobenzenesulfonamide (oryzalin); 3-[2,4-dichloro-5-(I-methyl-

ethoxy)phenyl]-5-(1,1-dimethylethyl)-1,3,4-oxadiazol-2-(3H)-one (oxadiazon); N -(1-

ethylpropyl)-3,4-dimethyl-2,6-dinitr obenzenamine (pendimethalin); 2,4-dinitro N,N -di-

propyl-6-(trifluoromethyl)-1,3-benzenediamine (prodiamine); 2,6-dinitro- N-N -dipro-

pyl-4-(trifluoromethyl)benzenamine (trifluralin).

Creeping bentgrass is widely grown
throughout the transitiona zone of the south-
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eastern United States (Mazur, 1986). To
maintain good-quality bentgrass golf greens,
it is often necessary to apply herbicides for
weed control. Tolerance of creeping bent-
grass to herbicides is normally more impor-
tant than weed control, due to sensitivity of
this speciesto herbicides.

Dithiopyr, O,0 -bis(1-methylethyl S-[2-
[(phenylsulfonyl) amino]ethyl] phosphorod-
ithioate (bensulide), and bensulide plus ox-
adiazon are the only preemergence herbicides
presently labeled for bentgrass greens. Ben-
sulide injury to bentgrass has varied from
none (Bingham and Schmidt, 1983) to se-
vere (Callahan, 1972); however, none to dight

discoloration was observed with bensulide
plus oxadiazon (Johnson, 1987, 1990). Nei-
ther bensulide nor bensulide plus oxadiazon
wasincluded in the present study because of
limited space for experiments. Bensulide has
poor activity on goosegrass (Johnson and
Murphy, 1987), and bensulide plus oxadi-
azon was previously evaluated on creeping
bentgrass (Johnson, 1987).

Oxadiazon has been evaluated on bent-
grass for severa years. In Tennessee, the
herbicide did not cause any significant dis-
coloration or sod loss during 3 years (Cal-
lahan, 1986). In Georgia, injury from oxa-
diazon varied from dight to moderate, but
the turf fully recovered with no stand loss
(Johnson, 1987). In a later Georgia experi-
ment, oxadiazon reduced density of creeping
bentgrass when the turf was maintained at a
below-normal [<294N-12P-124K (kg-ha')]
fertility level (Johnson, 1990). The response
to oxadiazon was unacceptable for creeping
bentgrass within 3 weeks after treatment
(WAT) in Maryland, but the turf recovered
by 5 WAT (Demoeden, 1987). Oxadiazon
did not affect creeping bentgrass root growth
(Dernoeden et al., 1988).

Pendimethalin applied at 1.7 kg-ha'in
early May injured creeping bentgrass only
dightly 3 WAT (Demoeden, 1987). How-
ever, the injury increased significantly in July
when the turf was treated with a second ap-
plication at the same rate in late June. Pro-
diamine applied in early May at 0.6 to 1.1
kg-ha®did not injure creeping bentgrass by
late May, but severe injury occurred in July
following a second application at the same
rates in late June (Demoeden, 1987). Fen-
oxaprop at 3 0.06 kg-ha*also caused un-
acceptable discoloration and reduced density
of creeping bentgrass (Dernoeden, 1987;
Higginset d., 1987). Oryzalin at 2.2 kg-ha'
was reported to reduce shoot and root weights
of creeping bentgrass (Finney and Callahan,
1988).

Bentgrass often experiences severe sum-
mer stresses in the Piedmont region, which
may be enhanced by herbicides. Therefore,
additional information is needed on tolerance
of creeping bentgrass to preemergence her-
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Table 1. Influence of herbicide treatments on injury of creeping bentgrass (Griffin, Ga.).

Turf injury (%)
Rate 1989 1990
Herbicide¥ (kg-ha-') 16 Mar. 12 Apr. 10 May 24 May 22 Mar. 11 Apr. 5 May 21 May
None 0 0 0 0 0 0 0 0
Benefin
+ oryzalin* 2G 2.2 (1x) 8 7 22 8 6 21 12 0
4.5 (2%) 14 14 24 19 7 55 35 13
6.7 (3x) 20 23 34 32 11 67 55 24
Dithiopyr 1EC 0.37 8 1 0 0 2 12 0 0
0.74 13 3 0 0 3 S 0 0
1.1 20 8 2 0 S 15 0 0
Fenoxaprop 1IEC  0.07 10 10 0 2 53 24 6 0
0.13 12 21 2 2 74 50 10 0
0.20 25 42 0 1 82 60 24 0
Oryzalin 4AS 2.2 12 33 30 14 45 60 30 13
4.5 12 60 48 42 42 51 57 34
6.7 20 70 62 52 49 83 71 54
Oxadiazon 2G 34 38 19 4 3 36 20 8 0
6.7 S3 40 17 13 55 33 27 26
10.2 68 40 28 12 53 33 33 24
Oxadiazon SOWP 3.4 37 13 5 2 55 21 13 0
6.7 48 26 20 6 68 45 43 33
10.2 63 42 27 9 73 53 57 43
Pendimethalin
60WDG 3.4 8 8 7 3 10 0 3 0
6.7 12 7 22 i3 5 0 0 5
10.2 10 15 30 12 5 10 18 13
Prodiamine 65WDG 0.56 10 5 0 0 10 0 4 0
1.1 8 4 5 6 9 9 0 0
1.7 13 10 10 6 15 20 10 0
Trifluralin
+ benefin* 2G 2.2 13 4 3 0 0 8 0 0
4.5 13 7 3 0 3 9 3 ]
6.7 20 4 3 0 6 10 5 0
LsD (0.05)
Comparison at  1X rate 7 17 8 6 17 19 15 14
2X rate 8 15 12 8 23 31 16 20
3 X rate 8 19 10 10 15 11 15 22

“Turf injury ratings were based on 0 = no injury, 1% to 20% = slight injury, 21% to 30% = moderate
injury, >30% = severe injury and not acceptable. Data are means of three observations.
YHerbicides were applied 7 Mar. 1989 and 1 Mar. 1990.

*Combined rates for mixed herbicides.

bicides (Johnson and Murphy, 1989;
Watschke et a., 1988). Our objectives were
to determine the tolerance of creeping bent-
grass maintained as a putting green to severa
herbicides and the timeinterval required for
the turf to recover from possible herbicide
injury.

Established ‘Penncross creeping bent-
grass was treated with one of nine herbicides
(Table 1) on 7 Mar. 1989 and 1 Mar. 1990
at Griffin, Ga. Each herbicide was applied
to the same plots both years a low, medium,
and high dosages: low = recommended la-
bel rate; medium = two times the recom-
mended label rate; and high = three times
the recommended label rate. Oxadiazon (2G),
benefin plus oryzain (1 + 1 = 2G), and
trifluralin plus benefin (0.7 + 1.3 = 2G)
were applied as granules by hand. Fenox-
aprop (1EC), dithiopyr (1EC), oryzdin (4AS),
oxadiazon (50WP), pendimethain (60WDG),
and prodiamine (65WDG) were applied as
broadcast spray in 188, 355, and 563 liters
of water/ha for the low, medium, and high
rate, respectively. The difference in water
volume was based on the solution concen-
tration of the low rate, which was repeated
as necessary to apply other rates. All her-
bicides were applied to dry turf and watered
in 12 h after treatment.
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Creeping bentgrass was fertilized with
294N-12P-123K  (kg-ha'-year”). Nitro-
gen was applied at 14 kg-ha'in March,
June, and August; 26 kg-ha'in February
and December; and 50 kg-ha'in April,
September, October, and November. Phos-
phorus was applied at 6 kg-ha'in April and
September, and K was applied at 41 kg-ha'
in February, August, and November. The
fertilizer sources were 34-0-0 (ammonium
nitrate), 0-0-50 (muriate potash), 6-2-0
[Milorganite (Milwaukee Metropolitan Sew-
erage Didtrict, Milwaukee)], 18-4-10 (Lesco,
Rocky River, Ohio), and 22-0-16 (O.M.
Scott, Marysville, Ohio).

The creeping bentgrass root zone was a
U.S. Golf Association soil mixture. The soil
composition was 970 g sand/kg, 20 g silt/
kg, and 10 g clay/kg. Organic matter content
was 80 gkg'.

Actively growing creeping bentgrass was
mowed three times per week a a 4-mm height
with clippings removed. Irrigation was ap-
plied as needed to prevent wilting, and fun-
gicides and insecticides were used to prevent
disease and insect problems.

Visual ratings for creeping bentgrass in-
jury was made on selected dates from mid-
March until late June. Turf injury (discol-
oration and foliar injury) was based on 0 to

100%, where 0 = no injury, 1% to 20% =
dight injury, 21% to 30% = moderate in-
jury, >30% = severe injury and commer-
cialy unacceptable, and 100% = complete
kill.

The experimenta design was a strip split
block with three replications. Herbicides were
randomized within blocks for the whole plots
(0.9 x 4.5 m), and herbicide rates were ran-
domized within blocks perpendicular to whole
plots for subplots (0.9 x 1.5 m). Anaysis
of variance procedure of SAS was used to
analyze the data (SAS Institute, Inc., 1982).
Because there were significant year interac-
tions, treatment means were separated by Lso
a P = 0.05 by year. Data was andyzed
within dates to determine changes that oc-
curred immediately after treatment until 3
months|ater.

Creeping bentgrass was injured dightly with
dithiopyr, prodiamine, and trifluralin plus
benefin, regardless of rate, when ratings were
made mid- to late Mar. 1989 and 1990 (Ta
ble 1). The dight injury that occurred from
these herbicides in March gradually de-
creased by-mid-April to early May. These
results with prodiamine agree with those re-
ported from Maryland, when the herbicide
was applied at 0.6 to 1.1 kg-ha*once in
early May (Dernoeden, 1987). However, it
is not uncommon for creeping bentgrass to
be injured more when an herbicide is applied
after temperatures are high in early summer
as compared to spring when temperatures are
lower. More injury occurred from a second
prodiamine application in Maryland (Der-
noeden, 1987) and a second oxadiazon G
application in Georgia (Johnson, 1987).

Pendimethalin at 3.4 kg-ha'injured
creeping bentgrass only dightly (Table 1).
Injury increased by 10 May 1989, when the
pendimethalin rate was 2 6.7 kg-ha*. Pen-
dimethdin at 3.4 kg-ha*was safe in both
years.

The tolerance of creeping bentgrass to be-
nefin plus oryzalin was similar to that of
pendimethalin in 1989 (Table 1), when the
grass was injured only slightly with benefin
plus oryzalin at 2.2 kg-ha’, but the injury
increased to the moderate and severe levels
when the rate was increased to 4.5 and 6.7
kg-ha, respectively. We do not know why
benefin plus oryzalin injured the turf more
in 1990 than the previous year. Mean air
temperatures for the four weeks after treat-
ment each year were similar. Although the
herbicides were applied to the same plots
both years, the turf fully recovered by mid-
June 1989 (data not shown). Due to exces-
sive turf injury, benefin plus oryzalin would
not be recommended on creeping bentgrass
greens.

Oxadiazon severely injured creeping bent-
grass regardless of rate or formulation when
ratings were made 1 to 3 WAT in 1989 and
1990 (Table 1). At 3.4 kg-ha', oxadiazon-
treated turf recovered to an acceptable level
by mid-April. Although the initial injury was
more severe as rates increased, there were
no differences in injury due to oxadiazon
formulation (2G or 50WP) in 1989. How-
ever, more injury existed during Mar. 1990
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in plots treated with the S0WP formulation
than with 2G formulation. Creeping bent-
grass treated with 3.4 kg-ha' recovered by
early May regardless of formulation, while
turf treated above 3.4 kg-ha'resulted in
more injury. These results show that creep-
ing bentgrass was severely injured with ox-
adiazon regardless of formulation. Similar
results were reported on creeping bentgrass
in Maryland (Dernoeden, 1987).

Oryzalin and fenoxaprop severely injured
creeping bentgrass in 1989 and 1990 (Table
1). Turfgrass treated with fenoxaprop re-
covered to an acceptable level by early May,
whereas turf trested with oryzalin did not.
Oryzalin or fenoxaprop at levels evaluated
in this study should not be applied to creep-
ing bentgrass greens.

Results from this study show that triflur-
alin plus benefin, dithiopyr, and prodiamine
were safe to apply at 1 to 3 x label rates
when applied singly in early March for the
control of crabgrass in creeping bentgrass
(Johnson and Murphy, 1989; Watschke et
al., 1988). Dithiopyr and prodiamine have
demondtrated effective control of goosegrass
(Johnson and Murphy, 1989) and, in this ex-
periment, showed minima injury to creeping
bentgrass. We emphasize that creeping bent-
grass may be injured and loss of stand may
occur if these herbicides are applied in late
winter or early spring with an additional ap-
plication repeated in late spring or early
summer. Therefore, application timing for
these herbicides is important for optimum
bentgrass tolerance and should be limited to
asingle application in late winter or early
spring. Oxadiazon (G or WP formulation),
pendimethalin, fenoxaprop, oryzalin, and
benefin plus oryzalin showed unacceptable
injury to turf and, therefore, should not be
applied to creeping bentgrass.
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