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Abstract. Siduron and quinclorac provide limited broadleaf weed control during seeded 
establishment of tall fescue. Carfentrazone and bromoxynil are contact herbicides that 
act primarily on broadleaf, dicot species. Research was conducted to evaluate tall fescue 
tolerance to carfentrazone or bromoxynil when integrated into traditional siduron and 
quinclorac weed control programs. Quinclorac at 0.84 kg·ha–1 applied at seeding fol-
lowed by quinclorac at 0.84 kg·ha–1 35 days after emergence (DAE) and quinclorac at 
1.68 kg·ha–1 plus carfentrazone at 0.034 kg·ha–1 applied DAE were the most injurious to 
tall fescue 42 and 49 DAE. While quinclorac sequential applications reduced turfgrass 
groundcover 42 DAE, tall fescue recovered by 49 DAE. Injury from all quinclorac treat-
ments persisted until 63 DAE. Bromoxynil (0.28 or 0.56 kg·ha–1) or carfentrazone (0.017 
or 0.034 kg·ha–1) caused minimal injury and no decrease in turfgrass groundcover when 
applied 35 DAE. While siduron applied at seeding followed by (fb) bromoxynil applied 
35 DAE (6.7 fb 0.56 kg·ha–1) caused minimal tall fescue injury, a decrease in groundcover 
was observed at 49 DAE. No tall fescue cover reduction was observed for any treatment 
by 63 DAE. These data indicate that bromoxynil and carfentrazone can be safely used 
during seeded establishment of tall fescue beginning 35 DAE with no long-term effects 
on turfgrass stand development.

Siduron and quinclorac are used for weed 
control during seeded establishment of tall 
fescue. Siduron is applied at planting for 
preemergence control of warm-season annual 
grasses, such as crabgrass (Digitaria spp.) spe-
cies (Sherman et al., 1980). While siduron is 
classifi ed as a substituted urea herbicide that 
classically inhibits electron transport in pho-
tosystem II, its primary mode of action is root 
inhibition (Vencill et al., 2002). Siduron pro-
vides preemergence control of annual grasses, 
but poor control of emerging annual broadleaf 
weeds and has little postemergence activity 
(Askew et al., 2003; Vencill et al., 2002). 

Quinclorac can be used both pre- and 
postemergence for control of crabgrass spe-
cies during seeded establishment of tall fescue 
(Askew et al., 2003; Reicher et al., 1999). 
Quinclorac is a substituted quinolinecarbox-
ylic acid herbicide that mimics natural auxin, 
resulting in an auxin overdose and cyanide 
accumulation (Grossman, 1998; Grossman and 
Kwiatkowski, 2000). Limitations of quinclorac 
as a turf herbicide include lack of goosegrass 
[Eleusine indica (L.) Gaertn.] control and 
control of only a limited set of broadleaf 
weeds (Johnson, 1996; Vencill et al., 2002; 
Zawierucha and Penner, 2001).

Bromoxynil and carfentrazone have the 
potential to improve broadleaf weed control 
and complement siduron and quinclorac during 

seeded establishment of tall fescue. Both are 
contact herbicides with limited translocation 
that target annual broadleaf weeds. Bromoxynil 
inhibits photosynthetic electron transport, lead-
ing to free radical generation, and eventual plant 
necrosis at contact sites (Baughman et al., 1981; 
Vencill et al., 2002). Bromoxynil controls nu-
merous small broadleaf weed species, including 
common cocklebur (Xanthium strumarium L.), 
morningglories (Ipomoea spp.), and pigweeds 
(Amaranthus spp.) (Robinson et al., 2002). How-
ever, broadleaf weed control with bromoxynil 
is known to decrease as the size of the plants 
increase (Reddy, 2001). Repeat bromoxynil 
applications or tank-mixtures with more potent 
herbicides are often required for more complete 
control of large annual and perennial broadleaf 
weeds (Reddy, 2001, 2004). 

Carfentrazone is a phenyl triazolinone 
herbicide that inhibits protoporphyrinogen 
oxidase, which induces lipid peroxidation 
through singlet oxygen accumulation (Dayan 
et al., 1997). Carfentrazone provides excellent 
control of velvetleaf (Abutilon theophrasti 
Medicus), morningglories, and smartweeds 
(Polygonum spp.) (Dayan et al., 1997; Mitch-
ell and Gage, 2000). Similar to bromoxynil, 
carfentrazone provides excellent control of 
small annual weeds, but repeat applications 
or herbicide tank-mixtures are often needed to 
increase effi cacy (Bean and Rowland, 2001; 
Gannon and Yelverton, 2004; Kelly et al., 
2002). In turfgrass systems, carfentrazone is 
often used in mixture with 2,4-D, dicamba, 
and mecoprop to hasten control of numerous 
broadleaf weeds (Warren and Yelverton, 2004; 
Willis et al., 2004). 2,4-D, dicamba, and me-
coprop are not recommend for application to 
newly seeded tall fescue until after the second 
mowing due to potential injury.

Due to the contact activity and minimal 
grass injury from bromoxynil and carfentra-
zone, they potentially could be used during 
seeded establishment of tall fescue. They would 
be further benefi cial in controlling broadleaf 
weeds that escape an application from siduron 
or quinclorac. Herbicides that are normally 
safe on established turf can induce phytotoxic 
effects when applied to seedling turf. Research 
was conducted to assess turf-type tall fescue 
tolerance to carfentrazone and bromoxynil 
integrated with siduron and quinclorac into 
potential weed management system scenarios 
for seeded establishment. 

Materials and Methods

Research was conducted at the East Ten-
nessee Research and Education Center–Plant 
Science Unit in Knoxville, Tenn., in 2004 and 
2005. Three separate experiments were initi-
ated on 24 Mar. 2004, 6 Sept. 2004, and 7 Apr. 
2005. Experiments 1 and 2 were conducted on 
an Etowah silt loam soil (fi ne-loamy, siliceous, 
semi-active, thermic Typic Paleudults) and 
Expt. 3 was conducted on Sequatichie silt 
loam soil (fi ne-loamy, siliceous, semi-active, 
thermic Humic Hapludults). All fi eld prepara-
tion and cultural practices were kept consistent 
for the experiments. Previous vegetation was 
killed with two applications of glyphosate (2.2 
kg·ha–1) applied 8 and 3 weeks before seeding. 
Soil was tilled to a 25 cm depth and disked 
until the seedbed was smooth and fi ne. Soil 
was cultipacked, dragged with a harrow rake 
to remove dead vegetation, and further fi rmed 
by rolling with a smooth roller. 

Experiments were seeded with ‘Kittyhawk’ 
turf-type tall fescue at 293 kg pure live seed/ha. 
Starter fertilizer (6N–10.5P–9.9K) was applied 
at a rate of 200 kg·ha–1. Seed were broadcast 
applied in two directions to insure uniformity, 
lightly dragged with a leaf rake in two direc-
tions, rolled with a smooth roller to provide 
further fi rming, and covered with a germination 
blanket (A.M. Leonard, Piqua, Ohio). Trials 
were irrigated twice daily with approximately 
0.5 cm of water to maintain adequate surface 
moisture for germination. The germination 
blanket was removed at 14 d after seeding 
(DAS). In all cases, seed emerged 7 (±1) DAS. 
Biweekly mowing at 7 to 8 cm was initiated 
between 21 and 24 DAE.

All trials were fertilized 14 and 28 DAS 
at 200 kg·ha–1 with 24N–2.7P–9.9K fertil-
izer, after which no additional fertilizer was 
applied. Beginning 14 DAS trials were ir-
rigated at 0.7 cm once daily for 4 weeks, and 
then were irrigated as needed to supplement 
rainfall events. 

Experiments were arranged in a randomized 
complete block design with four replicates. 
Experimental units were 2.25 m2. Herbicide 
applications were made with a CO

2
 pressur-

ized spray system calibrated to deliver 280 
L·ha–1. The spray boom used four fl at fan 
nozzles (model 8002XR; Spraying Systems 
Co., Wheaton, Ill.) with 25 cm spacing. Tall 
fescue was not mowed one day before and 
two days after treatment. Tall fescue injury 
and groundcover were visually rated for both 
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experiments using a 0 to 100 scale. For tall 
fescue injury, 0% equals no visual injury and 
100% equals complete plant death. To facilitate 
discussion, ≥20% injury was deemed as unac-
ceptable injury due the potential detrimental 
effect on eventual turfgrass groundcover. For 
tall fescue groundcover, 0% equals no tall 
fescue turf present and 100% equals complete 
tall fescue groundcover. Groundcover was not 
rated in the fi rst experiment due to intense 
smooth crabgrass competition in the nontreated 
plots. Weed competition was minor in other 
experiments. Weed species spectrum varied 
among experiments; therefore no weed control 
data are presented. 

Herbicides treatment rates and timings are 
listed in Table 1. All quinclorac treatments ap-
plied 35 DAE included 0.6% v/v methylated 
seed oil (MSO) (MSO concentrate contains 
100% methylated seed oil and emulsifying sur-
factants; Loveland Industries, Greeley, Colo.) 
according to herbicide label recommendations 
(BASF Corporation, 2004). 

Data were subjected to ANOVA using SAS 
(Cary, N.C.) (p = 0.05). Injury ratings for non-
treated plots were not included in the analysis 
to decrease variance heterogeneity. Separate 
experiments were analyzed as environments 
within the ANOVA and the treatment by en-
vironment interaction was used as the error 
term by which the treatment effect was tested 
(McIntosh, 1983). Means were separated using 
Fisher’s protected LSD (p = 0.05). 

Results and Discussion

Treatment by environment interaction for 
tall fescue injury and groundcover was not 
signifi cant (p > 0.05), therefore all data were 
pooled over experiments. Quinclorac at 0.84 
kg·ha–1 applied at seeding was more injurious 
14 DAE than siduron (Table 1). Quinclorac 
injured tall fescue seedling 27% compared 
≤9% injury from siduron. Askew et al. (2003) 
reported no injury from quinclorac or sidu-
ron applied at seeding. Quinclorac has been 
reported to delay kentucky bluegrass (Poa 
pratensis L.) cover up to 16 weeks when ap-
plied at seeding, however no visual injury to 
the kentucky bluegrass was reported (Reicher et 
al., 1999). Siduron has been reported to be safe 

on tall fescue, kentucky bluegrass, creeping 
bentgrass (Agrostis stolonifera L.), and other 
cool-season turfgrass species when applied at 
seeding (Kerr 1969; Moshier et al., 1976). 

Quinclorac applied as sequential applica-
tions at 0.84 kg·ha–1 was more injurious 42 
DAE than single applications at 0.84 and 
1.68 kg·ha–1 (Table 1). Similarly, quinclorac 
plus carfentrazone applied as a tank-mixture 
was more injurious 42 DAE than quinclorac 
applied alone at either rate or quinclorac plus 
bromoxynil. Bromoxynil and carfentrazone 
alone treatments or following siduron at seed-
ing applications injured tall fescue minimally 
(≤6%). Turfgrass tolerance of various species 
to bromoxynil and carfentrazone has been pre-
viously reported. Taylor et al. (2004) reported 
excellent tolerance of common bermudagrass, 
‘Tifway’ bermudagrass (Cynodon dactylon (L.) 
Pers × C. transvaalensis Burtt-Davy), centi-
pedegrass [Eremochloa ophiuroides (Munro) 
Hack], and ‘Raleigh’ st. augustinegrass 
(Stenotaphrum secundatum (Walt.) Kuntze) 
to carfentrazone at four times the rate used in 
our studies. Willis et al. (2005) and McElroy 
et al. (2004) reported tolerance of ‘Riviera’ 
seeded bermudagrass [C. dactylon (L.) Pers] 
and ‘ThermalBlue’ hybrid bluegrass (Poa 
pratensis × P. arachnifera Torr.), respectively, 
to carfentrazone at 0.015 and 0.03 kg·ha–1 ap-
plied during seeded establishment. 

No information is available to explain 
the increased injury induced by quinclorac 
plus carfentrazone compared to quinclorac or 
carfentrazone alone treatments. Johnson (1996) 
reported greater large crabgrass [Digitaria san-
guinalis (L.) Scop.] control with MSMA plus 
quinclorac compared to MSMA or quinclorac 
alone treatments at similar rates, suggest-
ing a potential increased herbicidal activity 
when quinclorac is tank-mixed. MSMA and 
quinclorac are both active on large crabgrass. 
In contrast, carfentrazone is not active on 
grasses; thus, the tank-mixture comparison is 
not equivalent. The authors hypothesize that 
carfentrazone could slow quinclorac metabo-
lism within tall fescue or the carfentrazone 
formulation could increase absorbance of quin-
clorac by tall fescue. Regardless of potential 
physiological effects attributing to increased 
injury, quinclorac plus carfentrazone did not 

decrease turfgrass cover 42 DAE. In fact, only 
quinclorac sequential applications reduced tall 
fescue turf cover 42 DAE.

Injury from quinclorac sequential ap-
plications and quinclorac plus carfentrazone 
applications persisted at 49 and 63 DAE. 
Injury from these treatments was normally an 
epinastic twisting of the foliage with no visual 
chlorosis or necrosis of the plant tissue. Despite 
injury from the herbicides, turfgrass cover was 
equivalent to the nontreated 49 and 63 DAE. 
Siduron fb bromoxynil was the only treatment 
to decrease turfgrass cover 49 DAE, despite 
minimal injury from this treatment across all 
rating dates. Sherman et al. (1980), however, 
reported siduron applied at rates 6.8 to 40.8 
kg·ha–1 at seeding reduced seedling emergence, 
increased the number of abnormal seedlings, 
and increased the time required to reach 
complete establishment. The authors wish to 
note that Sherman et al. (1980) is an excep-
tion to the majority of other reports. Excellent 
safety on tall fescue, kentucky bluegrass, 
creeping bentgrass, and other cool-season 
turfgrass species following siduron at seed-
ing applications has been previously reported 
(Kerr, 1969; Moshier et al., 1976). Further, 
excellent bromoxynil safety has been reported 
on established ‘Tifway’ bermudagrass, centi-
pedegrass, st. augustinegrass, and seashore 
paspalum (Paspalum vaginatum Swartz), as 
well as seedling bermudagrass (Askew et al., 
2004; Havlak et al., 2003; Lawson et al., 2002; 
Unruh et al., 2002). 

Carfentrazone and bromoxynil can be used 
at or after 35 DAE of tall fescue seedlings 
with little injury and no delay in turfgrass 
groundcover. Increased injury should be 
expected when tank-mixing quinclorac and 
carfentrazone or bromoxynil, however, injury 
from quinclorac plus carfentrazone is more 
severe. Further, while injury from siduron 
fb bromoxynil did not occur, a delay in tall 
fescue cover can result from this weed control 
strategy. 
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