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Abstract 
Windmillgrass (Chloris verticillata Nutt.) is spreading from native areas, be-
coming problematic in established turf in Missouri, and surrounding states. 
Limited information is available regarding post-emergence (POST) control 
options for turf. The objective of this research was to assess the visual and 
biomass response of windmillgrass to selected herbicides approved for use in 
turf. In one study, a greenhouse experiment was conducted with POST appli-
cation of seven selected herbicides, including dimethylamine salt of quinclo-
rac, fenoxaprop-P-ethyl, foramsulfuron, mesotrione, sulfentrazone, and to-
pramezone in a tank-mixture with triclopyr, as well as a pre-packed product 
containing thiencarbazone-methyl, foramsulfuron, and halosulfuron-methyl. 
Under the same experimental conditions, five additional treatments, includ-
ing mesotrione or topramezone applied at label-suggested rates alone or in 
combination with triclopyr, in addition to triclopyr alone, were applied to a 
second study on tillering windmillgrass. At 4 weeks after treatment (WAT), 
only fenoxaprop-p-ethyl consistently resulted in a complete control of wind-
millgrass. No measurable regrowth of plants was observed two weeks follow-
ing the initial collection of windmillgrass aboveground biomass. In the 
second study, combinations of mesotrione and topramezone with triclopyr 
resulted in 100% visual injury of windmillgrass at 4 WAT; mesotrione and 
topramezone alone only resulted in up to 66% visual injury. Triclopyr alone 
resulted in 91% injury at 4 WAT. The greatest reduction of windmillgrass 
biomass and least amount of regrowth resulted from mesotrione and topra-
mezone combinations with triclopyr. Control of windmillgrass is effective 
with fenoxaprop-P-ethyl alone, but use of a 4-Hydroxyphenylpyruvate dio-
xygenase (HPPD) inhibitor such as mesotrione and topramezone should in-
clude the addition of triclopyr. 
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1. Introduction 

Windmillgrass (Chloris spp.) is a warm-season perennial native to temperate re-
gions of the United Sates [1] [2] [3]. Nuttall [4] described the original range of 
Chloris spp. from the prairie of Louisiana west to Arizona, north to Colorado 
and South Dakota, and south through Iowa and Missouri [5]. In native areas, 
windmillgrass is considered valuable for controlling erosion along roadside areas 
[6], but also important for restoration of wildlife habitat [1]. Other species of 
windmill grass (Chloris truncata R. Br.) are native to Australia and used for 
summer grazing by livestock [7]. 

The term windmillgrass stems from the method of seed spread. Each seed 
head is comprised of 6 - 9 spikelets with minute awns, and arranged in a circular 
fashion. At maturity, the main spike detaches from the plant and is blown across 
the ground. Plants are prolific, producing up to 20,000 seeds annually, with most 
of the seeds germinating in the upper 2 cm of the soil [7]. 

When not desirable, windmillgrass is considered a weed in no-till cropping 
regions in the U.S. [8] [9] and Australia [7]. In areas of Nebraska [10], wind-
millgrass is considered invasive. Haddock [11] noted the presence of wind-
millgrass in various turf areas, including residential lawns and utility turfs. In 
Missouri, windmillgrass has been observed in increasing frequency as a roadside 
weed and in residential lawns, with spikes blowing across roads in late summer 
(Reid Smeda, personal communication). 

Control of windmillgrass has been described in several countries. In Australia, 
glyphosate (rates above 1000 g∙ha−1), glyphosate + paraquat, and haloxyfop suc-
cessfully controlled windmillgrass during summer fallow [7]. In southern Texas, 
Drake [12] determined that saflufenacil + glyphosate or a higher rate of glypho-
sate alone (3.08 kg∙aeha−1) only resulted in up to 83% visual windmillgrass con-
trol. Under greenhouse conditions, Hennigh et al. [9] studied the use of glypho-
sate and various acetyl-coenzyme A carboxylase (ACCase) inhibitors (sethox-
ydim, clethodim, and quizalofop) on seedling, tillering, and heading growth 
stages. ACCase inhibitors resulted in greater control than the highest rate of 
glyphosate (1121 g∙ha−1) at all three growth stages. Recently, Ngo et al. [13] in 
Australia and Brunharo et al. [14] in Brazil identified C. truncata and C. elata 
biotypes, respectively, that exhibited resistance to glyphosate. 

Occupation of windmillgrass in utility turf and residential lawns is proble-
matic, as no studies on selective removal of windmillgrass have been published. 
To date only labels for topramezone (Pylex®, BASF Corporation, Florham Park, 
NJ, USA) and mesotrione (Tenacity®, Syngenta Crop Protection, West Des 
Moines, IA, USA) list windmillgrass for control. The objective of this green-
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house-based research was, hence, to evaluate the efficacy of selected turf herbi-
cides applied POST to windmillgrass. 

2. Materials and Methods 
2.1. Plant Material 

Inflorescences of naturally occurring windmillgrass (C. verticillata Nutt.) were 
collected locally in Columbia, Missouri USA, and the seeds were separated and 
stored at 4˚C for future study. In a greenhouse, seeds were sown in 15-cm di-
ameter plastic pots filled with a 1:2 (v/v) mixture of top soil (Mexico silt loam; 
fine, smectitic, mesic Aeric Vertic Epiaqualfs) and Pro-Mix® soil (Premier-Tech 
Inc., Quakertown, PA, USA). Emerged seedlings were fertilized weekly at 12 
kg∙ha−1 N, using a commercial fertilizer (Miracle-Gro® water-soluble-lawn-food 
36-0-6; Scotts Miracle-Gro Inc., Marysville, OH, USA). During the experiment, 
the greenhouse was maintained at ~65% relative humidity, 25/20˚C day/night 
with a light intensity of ~600 μmol∙s−1∙m−2 and a 16-h photoperiod. Pots were 
hand-weeded and well-watered every other day to prevent drought. Plants were 
allowed to grow in the greenhouse until they reached 10 - 15 tillers. 

2.2. Treatment Application 

Two experiments were performed separately in the greenhouse. Study 1 was in-
itiated in March 2015, where windmillgrass plants were subjected to a total of 8 
treatments including the untreated control. Herbicides applied were the dime-
thylamine salt of quinclorac at 0.84 kg∙ha−1 (Drive®, BASF Corporation), fenoxa-
prop-P-ethyl at 0.19 kg∙ha−1 (Acclaim®, Bayer Environmental Science, Peoria, IL, 
USA), foramsulfuron at 0.05 kg∙ha−1 (Revolver®, Bayer Environmental Science), 
mesotrione at 0.28 kg∙ha−1 (Tenacity®, Syngenta Crop Protection), sulfentrazone 
at 0.28 kg∙ha−1 (Dismiss®, FMC Corporation, Philadelphia, PA, USA), toprame-
zone at 0.05 kg∙ha−1 (Pylex®, BASF Corporation) in tank-mixtures with triclopyr 
at 1.12 kg∙ha−1 (Turflon®, Dow AgroSciences, Indianapolis, IN, USA), and a 
pre-packed product containing thiencarbazone-methyl (0.02 kg∙ha−1), foramsul-
furon (0.04 kg∙ha−1) and halosulfuron-methyl (0.08 kg∙ha−1) (Tribute® Total, 
Bayer Environmental Science) (Table 1). 

Study 2 was initiated in January 2017 and contained six treatments including 
the control. Herbicides applied included mesotrione and topramezone alone or 
in a tank-mixture with triclopyr, in addition to triclopyr alone at the same rates 
described above (Table 1). Study 2 was designed to provide complementary 
information to Study 1 regarding the two 4-Hydroxyphenylpyruvate dioxygenase 
(HPPD) inhibitors, mesotrione and topramezone, for their effects on windmillgrass 
control with or without triclopyr. 

In Study 1, individual treatments were applied to four replicated pots, while in 
Study 2 each treatment was applied to three replicated pots. Both studies were 
repeated once in two separate runs. In both runs and studies, treatments were 
applied once using a compressed air spray chamber equipped with a flat-fan  
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Table 1. Treatments and their rates applied in Study 1 and 2 for post-emergence windmillgrass control. 

No. Code Treatment Trade name Rate† Manufacturer Adjuvant§ 

Study 1 

1 DQ Dimethylamine salt of quinclorac Drive® 0.84 BASF Corporation MSO 

2 FE Fenoxaprop-P-ethyl Acclaim® 0.19 Bayer Environmental Science NIS 

3 FO Foramsulfuron Revolver® 0.05 Bayer Environmental Science MSO 

4 ME Mesotrione Tenacity® 0.28 Syngenta Crop Protection NIS 

5 SU Sulfentrazone Dismiss® 0.28 FMC Corporation — 

6 TFH 
Thiencarbazone-methyl +  

Foramsulfuron +  
Halosulfuron-methyl 

Tribute® Total 
0.14 (0.02 + 
0.04 + 0.08) 

Bayer Environmental Science MSO 

7 TO + TR Topramezone + Triclopyr Pylex® + Turflon® 0.05 + 1.12 
BASF Corporation + Dow  

AgroSciences 
MSO 

8 UC — Untreated Control — — — 

Study 2 

1 ME Mesotrione Tenacity® 0.28 Syngenta Crop Protection NIS 

2 ME + TR Mesotrione + Triclopyr Tenacity® + Turflon® 0.28 + 1.12 
Syngenta Crop Protection + Dow 

AgroSciences 
NIS 

3 TO Topramezone Pylex® 0.05 Bayer Environmental Science MSO 

4 TO + TR Topramezone + Triclopyr Pylex® + Turflon® 0.05 + 1.12 
BASF Corporation + Dow  

AgroSciences 
MSO 

5 TR Triclopyr Turflon® 1.12 Dow Agro Sciences — 

6 UC — Untreated control — — — 

†Rates were in kg ai/ae ha−1. §MSO, methylated seed oil (0.5% v/v; Agriliance LLC, St. Paul, MN, USA); NIS, nonionic surfactant (0.5% v/v; MFA incorpo-
rated, Ray Young Dr, Columbia, MO, USA). 

 
nozzle tip (TeeJet 8001E, TeeJet Technologies, Springfield, IL, USA) which deli-
vered 140 liters∙ha−1 spray volume at 234 kPa. An appropriate adjuvant was 
added to all treatments per label instructions (Table 1). 

2.3. Measurements 

Data collected included weekly visual assessment of windmillgrass plant injury 
on a 0% - 100% scale up to 4 weeks after treatment (WAT). For this scale, 0% 
represented no injury and 100% indicated complete plant death (no green tis-
sue). At 4 WAT, aboveground plant tissues were harvested, and dry weight was 
determined after oven-drying at 60˚C for 4 days. After removing the above-
ground shoots, the pots containing windmillgrass for the second run of Study 1 
and both runs in Study 2 were allowed to grow with supplementary irrigation for 
an additional two weeks. At that time, shoot re-growth was harvested and dry 
biomasses were determined as described above. 

2.4. Experimental Design and Data Analysis 

For both studies, treatments were arranged in a randomized complete block de-
sign with four or three replications, respectively, for Studies 1 and 2. Both stu-
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dies were performed twice in two separate runs. Data collected were subjected to 
analysis of variance using Proc Mixed model in SAS (SAS Institute, Cary, NC, 
USA), with block and its interactions with treatments, evaluation timings and 
experimental runs, considered random effects. For Study 1, an interaction be-
tween run and treatments was detected for both plant injury and shoot biomass 
harvested at 4 WAT; hence, data in Study 1 were analyzed and presented sepa-
rately by runs. No interaction between run and treatments applied was detected 
for all measurements collected in Study 2; hence, data were pooled from both 
runs. Significant means were separated by Fisher’s Protected LSD at P ≤ 0.05. 

3. Results 
3.1. Study 1 

Significant differences in windmillgrass percent injury were found following 
treatment applications in the two runs of Study 1 (Table 2). In both runs, appli-
cations of fenoxaprop-P-ethyl resulted in 45% or greater injury at 1 WAT. By 4 
WAT, windmillgrass plants treated with fenoxaprop-P-ethyl exhibited 100% in-
jury, suggesting complete control. Applications of topramezone tank-mixed with 
triclopyr showed 100% or 99% injury at 4 WAT for the first and second runs, 
respectively. Besides these two treatments, none of the herbicides applied in 
Study 1 resulted in 50% or greater injury by 4 WAT, with the exception of me-
sotrione (66% injury) in the second run. 

 
Table 2. Percent injury (%) of windmillgrass influenced by postemergence herbicides applied at 1, 2, 3, and 4 weeks after treat-
ment (WAT) in both runs of Study 1. 

No. Code Treatment 1 WAT 2 WAT 3 WAT 4 WAT 

Run 1 

1 DQ Dimethylamine salt of quinclorac 6d4† 14c3 21c2 29c1 

2 FE Fenoxaprop-P-ethyl 65a3 93a2 95a2 100a1 

3 FO Foramsulfuron 6d1 6d1 8d1 9e1 

4 ME Mesotrione 15c4 43b2 48b1 35b3 

5 SU Sulfentrazone 9d2 11c2 20c1 24d1 

6 TFH Thiencarbazone-methyl + Foramsulfuron + Halosulfuron-methyl 6d1 9cd1 9d1 6e1 

7 TO + TR Topramezone + Triclopyr 41b3 93a2 95a2 100a1 

8 UC Untreated control 0e1 0e1 0e1 0f1 

Run 2 

1 DQ Dimethylamine salt of quinclorac 5e3 14d2 20c1 24d1 

2 FE Fenoxaprop-p-ethyl 45a4 88a3 95a2 100a1 

3 FO Foramsulfuron 10d3 23c2 24c12 28cd1 
4 ME Mesotrione 17c4 53b3 60b2 66b1 
5 SU Sulfentrazone 5e4 13d3 24c2 29c1 
6 TFH Thiencarbazone-methyl + Foramsulfuron + Halosulfuron-methyl 10d3 20c2 25c1 26cd1 

7 TO + TR Topramezone + Triclopyr 33b3 85a2 95a1 99a1 

8 UC Untreated control 0f1 0e1 0d1 0e1 

†Means in the same columns in each run labeled with the same letters are not significantly different based on Fisher’s Protected LSD (P ≤ 0.05); means in the 
same rows labeled with the same numbers are not significantly different based on Fisher’s Protected LSD (P ≤ 0.05). 
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The level of windmillgrass injury correlated with the aboveground biomass 
accumulated over this 4-week period (Figure 1). Compared to the untreated 
control, applications of fenoxaprop-P-ethyl showed up to an 89.3% reduction in 
shoot biomass, while tank-mixtures of topramezone and triclopyr demonstrated 
up to 84.2% reduction in shoot biomass for both runs. Mesotrione alone re-
duced shoot biomass by 32.8% or 53.6% in the first and second runs, respec-
tively. Other treatments applied showed up to 27.9% or 36.0% reductions in 
shoot biomass in the first and second runs, respectively, suggesting limited con-
trol of windmillgrass. 

After harvesting the aboveground tissues, the plants in the second run of 
Study 1 were allowed to regrow for another two weeks. During the 2-week pe-
riod, untreated control plants produced 1.1 g of dry shoot biomass (Figure 2). 
By contrast, windmillgrass plants treated with fenoxaprop-P-ethyl showed no 
regrowth, indicating total mortality. Similarly, windmillgrass plants treated with 
the tank-mixture of topramezone and triclopyr yielded less than 3 mg of shoot 
biomass. A close examination revealed that out of the four replications, only one 
plant initiated regrowth during this 2-week period. All other treated plants 
showed statistically the same amount of regrowth compared to the untreated 
controls, with the exceptions of mesotrione or the prepacked product containing 
thiencarbazone-methyl, foramsulfuron and halosulfuron-methyl, where re-
growth was 45.5% or 36.4% of the control plants, respectively. 
 

 
Figure 1. Aboveground biomass (g) of windmillgrass at 4 weeks after herbi-
cide applications from run 1 (a) and 2 (b) of Study 1. Bars labeled with the 
same letters are not significantly different based on Fisher’s Protected LSD 
(P ≤ 0.05). DQ, dimethylamine salt of quinclorac; FE, fenoxaprop-P-ethyl; 
FO, foramsulfuron; ME, mesotrione; SU, sulfentrazone; TFH, thiencarba-
zone-methyl plus foramsulfuron plus halosulfuron-methyl; TO, toprame-
zone; TR, triclopyr; and UC, untreated control. 
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Figure 2. Aboveground biomass (g) of windmillgrass at 2 weeks after re-
growth from the second run of Study 1. Bars labeled with the same letters are 
not significantly different based on Fisher’s Protected LSD (P ≤ 0.05). DQ, 
dimethylamine salt of quinclorac; FE, fenoxaprop-P-ethyl; FO, foramsulfu-
ron;ME, mesotrione; SU, sulfentrazone; TFH, thiencarbazone-methyl plus fo-
ramsulfuron plus halosulfuron-methyl; TO, topramezone; TR, triclopyr; and 
UC, untreated control. 

3.2. Study 2 

Study 2 was designed to compare the effects of mesotrione and topramezone, 
both HPPD inhibitors, for their effects on windmillgrass control with or without 
tank-mixing of triclopyr. As expected, when tank-mixed with triclopyr, meso-
trione and topramezone both resulted in 100% windmillgrass injury at 4 WAT 
(Table 3). However, without the addition of triclopyr, topramezone only re-
sulted in 66% injury of windmillgrass at 4 WAT, while mesotrione resulted in 
45% injury. Surprisingly, triclopyr alone resulted in 82% injury at 1 WAT, and 
ultimately resulted in 91% injury by 4 WAT. 

The same trend was found in shoot biomass accumulations over the 4-week 
period (Figure 3). Although all treated plants significantly reduced shoot bio-
mass compared to the untreated control, the greatest reduction followed the 
plants treated with the tank-mixtures of mesotrione or topramezone with tric-
lopyr (73.1% reductions for both treatments). Without triclopyr, mesotrione or 
topramezone alone resulted in 28.8% or 55.8% shoot biomass reductions, re-
spectively. Triclopyr alone, however, reduced shoot biomass by 65.4% compared 
to the control. 

After regrowth for two weeks, control plants accumulated 0.8 g of dry shoot 
biomass (Figure 4). Although the biomass of all treated plants was significantly 
reduced compared to the control, plants treated with mesotrione in tank-mixture 
with triclopyr exhibited no regrowth. In comparison, tank-mixing topramezone 
with triclopyr showed less than 17 mg of regrowth, which resulted from 1 out of 
6 treated plants. Without tank-mixing with triclopyr, mesotrione or toprame-
zone alone resulted in 50% or 25% of regrowth, respectively, compared to the 
untreated control. Application of triclopyr alone showed the same effect as to-
pramezone alone, with only 25% of regrowth compared to the control. 
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Table 3. Percent injury (%) of windmillgrass influenced by post-emergence herbicides 
applied at 1, 2, 3, and 4 weeks after treatment (WAT) in Study 2. No interaction between 
treatment and run of study was found; hence data were pooled from the two runs. 

No. Code Treatment 1 WAT 2 WAT 3 WAT 4 WAT 

Visual injury (%) 

1 ME Mesotrione 25c3† 40c2 44d1 45d1 

2 ME + TR Mesotrione + Triclopyr 85a2 98a1 100a1 100a1 

3 TO Topramezone 28c4 43c3 55c2 66c1 

4 TO + TR Topramezone + Triclopyr 87a2 97a1 100a1 100a1 

5 TR Triclopyr 82b2 92b1 94b1 91b1 

6 UC Untreated control 0d1 0d1 0e1 0e1 

†Means in the same columns labeled with the same letters are not significantly different based on Fisher’s 
Protected LSD (P ≤ 0.05); means in the same rows labeled with the same numbers are not significantly dif-
ferent based on Fisher’s Protected LSD (P ≤ 0.05). 

 

 
Figure 3. Aboveground biomass (g) of windmillgrass at 4 weeks after herbi-
cide applications in Study 2. No interaction between treatment and run of 
study was found; hence data were pooled from the two runs. Bars labeled with 
the same letters are not significantly different based on Fisher’s Protected LSD 
(P ≤ 0.05). ME, mesotrione; TO, topramezone; TR, triclopyr; and UC, un-
treated control. 

4. Discussion 

Results from Study 1 revealed that a single application of fenoxaprop-P-ethyl 
completely controlled windmillgrass over a 4-week period. As an ACCase inhi-
bitor in the chemical group of aryloxyphenoxypropionate (AOPP), fenoxa-
prop-P-ethyl selectively suppresses fatty acid biosynthesis in monocotyledon 
plants [15] [16]. Specifically, AOPP herbicides are believed to target the carbox-
yltransferase (CT) domain of the chloroplastic ACCase [17], hindering the 
process that transfers the carbon dioxide from biotin to acetyl-CoA to create 
malonyl-CoA [16] [18]. Consequently, the inhibition of the CT domain inter-
rupts carbon assimilation for biomass accumulation [15], which likely contri-
buted to the rapid injury observed beginning at 1 WAT. By 4 WAT, windmillgrass  
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Figure 4. Aboveground biomass (g) of windmillgrass at 2 weeks after re-
growth in Study 2. No interaction between treatment and run of study was 
found for the two runs; hence data were pooled from the two runs. Bars la-
beled with the same letters are not significantly different based on Fisher’s 
Protected LSD (P ≤ 0.05). ME, mesotrione; TO, topramezone; TR, triclopyr; 
and UC, untreated control. 

 
plants treated with fenoxaprop-P-ethyl were completely necrotic, indicating a 
termination of growth in meristematic regions [19]. Effective herbicide distribu-
tion ultimately led to the death of the windmillgrass plants, as evidenced by the 
lack of regrowth at two weeks after removing the aboveground tissues. Similarly, 
Hennigh et al. [9] reported 90% - 99% visual control of tillering windmillgrass 
with sethoxydim, clethodim, and quizalofop; however, control of plants with 
seedheads was less effective. Although not included in this study, fluazi-
fop-P-butyl, another AOPP herbicide that is labeled for use on turf, is expected 
to have a similar effect on windmillgrass control compared to fenoxa-
prop-P-ethyl, based on their similarities in control of other perennial grass 
plants such as bermudagrass [Cynodon dactylon (L.) Pers. [20]]. 

When the two HPPD inhibitors, mesotrione and topramezone, were applied 
alone, they both significantly injured and suppressed windmillgrass compared to 
the control. This is similar to previous reports on smooth crabgrass [Digitaria 
ischaemum (Schreb.) Schreb. exMuhl.] and bermudagrass (C. spp.) where 
application of HPPD inhibitors resulted in bleaching of tissues by sensitive 
plants [21] [22]. The bleaching color results from oxidative degradation of chlo-
rophyll and photosynthetic membranes [23] [24] [25]. Between the two HPPD 
inhibitors, an early report found that compared to mesotrione, topramezone re-
sulted in greater reductions in leaf chlorophyll and carotenoid concentrations 
[21]. Similar research compared three HPPD inhibitors including topramezone 
and mesotrione, and determined that topramezone was the most potent com-
pound, evidenced by its capability to lower lutein and total xanthophyll pig-
ments at a low rate (18 g∙ha−1) [26]. Collectively, these reports support the find-
ings discovered in Study 2 where topramezone resulted in greater injury and re-
ductions in windmillgrass growth compared to mesotrione. 

Addition of triclopyr to mesotrione or topramezone, especially mesotrione, 
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resulted in complete control of windmillgrass, which was a significant improve-
ment from using the HPPD inhibitors alone. This result supports an early report 
where topramezone plus triclopyr (0.125 and 1.12 kg∙ha−1, respectively) showed 
greater control of common bermudagrass than topramezone alone [21]. In 
another report, triclopyr combined with topramezone increased smooth crab-
grass control up to 4.0-fold [22]. In addition to increasing control efficacy, add-
ing triclopyr to the HPPD inhibitors also reduced the bleached color typically 
associated with HPPD inhibitors [27] [28]. This might improve the end-user’s 
experience using HPPD inhibitors, where extensive bleaching of impacted weeds 
can temporarily reduce the aesthetics of the turf. 

Results from Study 2 indicated that triclopyr alone resulted in the same or 
greater suppression to windmillgrass growth compared to the two HPPD inhi-
bitors when used alone. Although not fully understood, triclopyr, as a pyridine 
carboxylic acid-type synthetic auxin, exhibited certain levels of suppressiveness 
against some warm-season grass species such as St. Augustinegrass [Stenotaph-
rumsecundatum (Walter) Kuntze.], bermudagrass (C. dactylon), and zoysiagrass 
(Zoysia japonica Steud.) [21] [29]. Statistically, results from Study 2 indicated 
that triclopyr alone suppressed the growth of windmillgrass to the same degree 
when tank-mixed with mesotrione or topramezone, indicating that triclopyr 
alone can be an effective tool for control of windmillgrass. 

None of the other herbicides examined in this research, including the aceto-
lactate synthase (ALS) inhibitors foramsulfuron and halosulfuron-methyl, or the 
protoporphyrinogen oxidase (PPO) inhibitor sulfentrazone, resulted in satisfac-
tory windmillgrass control. This result is different from early reports where these 
herbicides are used effectively for control of other grass species including Ken-
tucky bluegrass (Poa pratensis L.) [30] and bermudagrass (Cynodon spp.) [31]. 

5. Conclusion 

Recently, windmillgrass encroachment in various turf areas has been reported. 
This research represents the first report evaluating post-emergence control op-
tions for windmillgrass in the greenhouse using current herbicides available in 
the turf market. Results from this experiment suggested that AOPP herbicides 
such as fenoxaprop-P-ethyl provide complete control of windmillgrass, despite 
windmillgrass not currently being listed on the product’s label. Control of 
windmillgrass using HPPD inhibitors such as mesotrione or topramezone is 
substantially enhanced when triclopyr is included in the tank-mixture. Triclopyr 
alone, although not fully understood, demonstrated effective control comparable 
to tank-mixing triclopyr with mesotrione or topramezone. Other herbicides in-
cluded in this experiment, including some of the ALS inhibitors and PPO inhi-
bitors, did not provide satisfactory windmillgrass control. Concern over selec-
tion of windmillgrass resistant to continual use of herbicides with single modes 
of action suggests the most effective and enduring control should consider use of 
herbicide combinations with different modes of action. 
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