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CHAPTER I
 

LITERATURE REVIEW OF PREEMERGENT HERBICIDE RESEARCH
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INTRODUCTION 

Interest in the development and usage of turf-type seeded bermudagrasses 

(Cynodon dactylon L. Pers.) is growing. This is evidenced by the number of entries found 

in the 1986, 1992, 1997, and 2002 National Bermudagrass Tests conducted by the 

National Turf Evaluation Program (NTEP). The number of total bermudagrass entries 

increased from 28 varieties in 1986 to 42 varieties in 2002 (NTEP, 2002). During this 

same period, the percentage of the varieties tested that were seeded types were 25, 38, 64 

and 69% in the 1986, 1992, 1997 and 2002 NTEP Bermudagrass trials, respectively. 

Interest in seeded varieties remains high and is believed to be due to the reduced costs of 

seed establishment versus production, shipping, and handling costs associated with 

vegetatively-propagated varieties. However, one of the draw backs of using seeded 

bermudagrass is the sensitivity of juvenile bermudagrass to herbicides used for early 

establishment weed control. The demand for seeded varieties will continue to fuel the 

need for further research addressing cultural practices used in management of these 

varieties, including weed control utilizing preemergent herbicides. 

The goal of the turfgrass manager is to provide optimum growing conditions that 

favor the desired turfgrass (Turgeon, 1985). Those same conditions are conducive to 

other weed species that are in direct competition for nutrients, water, sunlight, and 

establishment space. Additionally, the aesthetic appearance of seeded stands is 

compromised by visual disruption of stand uniformity (Beard, 1973). One method 
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utilized to reduce weed species competition is the use of preemergent herbicides for 

suppression or direct control. Over 22 preemergent herbicide products are currently 

labeled for use on turf bermudagrass (Anonymous, 2001). 

Traditionally, turfgrass managers have been limited in the use of preemergent 

herbicides because they not only inhibit the germination and development of weed 

species, they also inhibited the development of seed established turf stands. Early 

research with preemergent herbicides dealt mainly with either cool season grasses 

established by seed or sod and later with bermudagrass that was established by vegetative 

means. These early research studies were eventually followed by studies directly 

examining preemergent herbicide effects on seeded bermudagrass varieties. 

DCPA 

DCPA was one of the earliest preemergent herbicides labeled for use in turfgrass 

management. ncpA affects cell division and ncpA is classified as a mitotic disrupter 

herbicide (Vaughn and Lehnen, 1991, Anonymous, 1994). Ashton and Monaco, (1991) 

stated DCPA inhibits growth of bermudagrass shoots, roots and rooting from nodes of 

bermudagrass. Early studies initiated to explore the effects of nCPA on bermudagrass 

were focused on responses of vegetatively propagated varieties. Bingham (1967) found 

that DCPA applied at 5.6 kg ha -1 and 11.2 kg ha -1 in greenhouse studies reduced the 

production of fresh root mass and stolon development. The ncpA rates of 5.6 and 11.2 

kg ha -1 reduced fresh stolon development by 58.6 and 79.3 percent and root fresh 

weights were reduced 98.2 and 99.9 percent respectively when compared to controls 60 

days after treatment (DAT). Fullerton et al. (1970) found that Tifgreen' hybrid 
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bermudagrass (Cynodon dactylon [L.] Pers.x C. transvaalensis Burtt-Davy) plots 

established from sprigs and treated with DCPA at 11.2 kg ha -1 also reduced root weights 

when compared to non-treated plots (harvested 30,60,90 and 120 DAT). Study results 

indicated no significant differences in the amount of verdure or stolons harvested from 

treated plots versus non-treated plots. In prolonged studies examining the effect of DCPA 

on the root systems of established hybrid bermudagrass cultivars Tifway', Tifgreen, 

Tifdwarf' and 'Ormond', Johnson (1980) found DCPA applied annually and continuously 

from 1975 through 1979 at 11.2 kg ha-
1 

did not affect root development of any of the 

bermudagrass cultivars. 

DITHIOPYR 

Dithiopyr belongs to the pyridine family of preemergent herbicides and is 

classified as a mitotic disrupter herbicide (Anonymous, 1994). Symptoms of dithiopyr 

exposure are similar to dinitroaniline herbicide exposure, however, dithiopyr exhibits a 

mode of action different than those of the dinitroaniline family in that microtubules do 

form during mitosis but are shortened and ineffectual, resulting in failure of cell division 

(Vaughn and Lehnen, 1991 and Armbruster et al. 1991). 

Early research on dithiopyr initiated by Kasi et al. (1987) utilized rates of 0.27, 

0.36,0.54, and 1.08 kg ha-
1 

applied to established bermudagrass. The same rate plus rates 

of 2.16 and 4.32 kg ha-
1 

were applied to mature zoysiagrass (Zoysia species Steud.). 

Results of visual injury ratings indicated 'Himerkorai' zoysiagrass was tolerant of 

dithiopyr rates up to 4.32 kg ha-
1 

and Tifgreen bermudagrass was only tolerant of rates up 

to 0.54 kg ha-
1

. Experiments conducted by Johnson and Bundschuh (1993) examined the 
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effect of emulsifiable concentrate (EC) dithiopyr applications on three cool-season 

grasses, tall fescue (Festuca arundinacea Schreb.), perennial ryegrass (Lolium perenne 

L.) and creeping bentgrass (Argostis palustris L.), as they relate to an acceptable time 

interval between seeding and actual application. Visual estimates of percent cover were 

recorded for 0.56 and 0.84 kg ha-
1

. Application time intervals evaluated were 12,8,4, 

and 2 weeks before seeding (WES). Percent cover ratings taken 10 weeks after seeding 

measuring effect on overseeded tall fescue suggest that dithiopyr applications did not 

cause differences in percent cover within rates and application dates. However, 

observation trends over two years indicate overall percent cover at 2 WBS was slightly 

reduced. Results of dithiopyr applications to perennial ryegrass indicate the 0.54 kg ha-
1 

rate could be used safely at 2 WBS. Dithiopyr at 0.84 kg ha-
1 

required application at 8 

WBS for optimum cover development. Application of dithiopyr at 0.54 kg ha-
1 

to 

creeping bentgrass indicated an 8 WBS interval was required to prevent significant cover 

reduction. At 0.84 kg ha-l, a 12 WBS interval was required between treatment and 

seeding. 

Johnson (1994) studied the effect of dithiopyr EC applied at 0.8 and 1.6 kg ha-
1 

in 

1992 and 1993 to mature Tifway bermudagrass. Parameters observed were turf quality 

and shoot density. Conclusions from this research were that dithiopyr was safe to use on 

Tifway bermudagrass at the 0.8 kg ha-
1 

rate and that turf quality and shoot density were 

unacceptable at the 1.6 kg ha-
1 

rate. 

Fry et al. (1997) examined the effects of dithiopyr, applied as a preemergence 

herbicide, at 0.6 kg ha-
1 

on buffalograss (Buchloe dactyloides [Nutt.] Engelm.) 

parameters that included density, vigor, foliar cover and herbage mass produced. 
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Dithiopyr applications were made two days after seeding 'Sharp's Improved' 

buffalograss into 1 x 2-m plots. Density and vigor were rated at 4 weeks after treatment 

(WAT) and foliar cover was rated at 8 and 12 WAT. Herbage mass was rated at 12 WAT. 

Dithiopyr applications significantly reduced seedling density by 93%, 94% and 99% at 

three test sites when compared to untreated plots. Visual ratings for vigor of treated plots 

were significantly lower at the three test locations when compared to untreated plots. The 

0.6 kg ha-
1 

dithiopyr rate significantly lowered visual foliar cover ratings below untreated 

plot ratings at two of three test locations 8 WAT. At 12 WAT, the same foliar cover trend 

was observed at each of the three test locations. Herbage mass production measurements 

taken 12 WAT indicated the 0.6 kg ha-
1 

dithiopyr rate significantly reduced yield at one 

location by 100% and had no significant yield reduction at the second test location. 

ISOXABEN 

Isoxaben is an amide herbicide with preemergent capabilities that was discovered 

in 1979 and introduced into the herbicide market by Eli Lilly and Company in 1984 

(Anonymous, 1994). Isoxaben is readily adsorbed into roots and is limited in leaf uptake. 

The mode of action exhibited by isoxaben is inhibition of cell wall biosynthesis (Ashton 

and Monaco, 1991). 

At the time of this writing, limited information was available regarding research 

involving isoxaben and bermudagrass. Research by McCarty et al. (1995) studied the 

effect of isoxaben applications on regrowth of St. Augustine (Stenotaphrum secundatum 

[Walt.] Kuntze) stolons in sod production settings where alternating 45 cm wide strips of 

established sod were harvested leaving 8 cm strips of sod on each side of harvested strips. 
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Isoxaben was applied at 0.6 and 1.1 kg ha-
1 

and parameters of phytotoxicity, turfgrass 

density, number of unrooted stolons, tensile strength and root weight were recorded. 

Phytotoxicity was rated visually 2 weeks after treatment and both rates of isoxaben did 

not significantly affect turf color when compared to control plots. Isoxaben treatments 

had no effect at 4 months after treatment (MAT) and increased turfgrass density rating at 

6 and 14 MAT at one test location. At a second test location both rates had no effect on 

turfgrass density. The high rate of isoxaben (1.1 kg ha-
1
) increased the number of 

unrooted stolons by 5 to 24 % through 8 MAT at one test location and showed the same 

effect through 4 MAT at the second test location. The lower rate (0.6 kg ha-
1

) had no 

effect when compared to control plots. Tensile strength ratings were variable between the 

two test locations. At the first location, the 1.1 kg ha-
1 

isoxaben rate significantly reduced 

tensile strength while the lower rate (0.6 kg ha-
1
) had no effect. At the second test 

location, both rates significantly increased tensile strength of treated plots compared to 

control plots. Both the 0.6 and the 1.1 kg ha-
1 

isoxaben rates had no effect upon root 

weight. Conclusions from this research were that isoxaben could result in a reduction of 

stolon rooting and that further research is warranted due to the inconsistencies of data 

from the two test location in regard to tensile strength issues. McCarty et al. (1995) also 

concluded isoxaben at both rates did not impede root development if allowed to recover 

for 14 MAT. 

Dotray and McKenney (1996) conducted experiments with isoxaben applied to 

established buffalograss at 1.1 kg ha-
1

. Two-year-old established buffalograss stands were 

treated with a 1.1 kg ha-
1 

rate of isoxaben and injury was visually rated 6 and 15 WAT. 

Greenup, density, living ground cover and quality were rated, pooled and reported as 
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percent injury compared to untreated plots. Biomass was determined at the end of the 

growing season by harvesting a lO-cm-diameter circle randomly selected in each plot. 

Neither injury nor biomass was significantly affected by the 1.1 kg ha-
1 

rate of isoxaben 

applied to established buffalograss and the researchers' conclusion was that this rate was 

safe for use on established buffalograss. 

METOLACHLOR 

Metolachlor belongs to the chloroacetamide family of preemergent herbicides and 

was synthesized by Ciba-Giegy Limited in 1972 (Anonymous, 1994). The mode of action 

attributed to metolachlor in grasses is adsorption through emerging shoots and inhibition 

of cell division, cell enlargement, epicuticular wax formation, and alteration of membrane 

structure and function (Ashton and Monaco, 1991; Wilkinson, 1981). 

Bovey and Voigt (1983) examined the effects of metolachlor applied as a 

preemergent treatment applied one day after planting on weeping lovegrass (Eragrostis 

curvaula [Schrad.]) at rates of0.3,0.6, 1.1,2.2,and4.5 kg ha-
1

.Injuriesbypreemergent 

applications were evaluated visually by determining the percent of plants failing to 

emerge or percent desiccation of emerged plants compared to controls. Results indicated 

significant phytotoxicity at all rates of metolachlor applied as a preemergent application. 

McCarty et al. (1995) studied the effect of metolachlor applications on regrowth 

of St. Augustine stolons in sod production settings where alternating 45 cm wide strips of 

established sod were harvested leaving 8 cm strips of sod on each side of harvested strips. 

Metolachlor was applied at 1.1 and 2.2 kg ha-
1 

and parameters of phytotoxicity, turfgrass 

density, number of unrooted stolons, tensile strength and root weight were recorded. 
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Phytotoxicity was rated visually 2 WAT and both rates of metolachlor did not 

significantly affect turf color when compared to control plots. Both rates of metolachlor 

significantly increased turfgrass density 4, 6 and 10 MAT when compared to control 

plots. Both rates of metolachlor did not significantly increase the number of unrooted 

stolons when compared to control plots. Sod tensile strength was insignificant for both 

rates at one location and actually significantly increased sod tensile strength at a second 

test location when measured 14 MAT. Both rates of metolachlor did not significantly 

affect root weights at one test location and significantly increased root weights at the 

second test location when compared to untreated plots. Conclusions were that 

metolachlor at 1.1 and 2.2 kg ha-
1 

can safely be used on St. Augustine remaining after sod 

harvest. 

Dotray and McKenney (1996) conducted experiments with metolachlor applied to 

established buffalograss at 4.5 kg ha-
1 

and metolachlor applied to seeded buffalograss at 

3.4 kg ha-
1

. Two-year-old established buffalograss stands were treated with a 4.5 kg ha-
1 

rate and injury was visually rated 6 and 15 WAT. Greenup, density, living ground cover 

and quality were rated, pooled and reported as percent injury compared to untreated plots. 

Metolachlor at 4.5 kg ha-
1 

produced significant injury compared to untreated plots. 

Biomass was determined at the end of the growing season by harvesting a lO-cm­

diameter circle randomly selected in each plot. The 4.5 kg ha-
1 

rate of metolachlor 

significantly reduced the amount of biomass produced when compared to untreated plots. 

Seeded buffalograss plots were treated with metolachlor at 3.4 kg ha-
1 

24 hours 

after seeding in 1993 and 1994. Stand density was visually rated and reported as percent 

coverage compared to untreated plots. Metolachlor significantly reduced stand density 4 
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and 10 WAT in 1993 and in 1994 at 4,16 and 21 WAT when compared to untreated 

plots. Biomass harvested as mentioned previously was significantly reduced by the 3.4 kg 

ha-
1 

metolachlor rate when compared to untreated plots. 

OXADIAZON 

Oxadiazon is a preemergent herbicide that has been utilized in research 

addressing herbicidal effect on bermudagrass. Oxadiazon, as a soil applied application, is 

absorbed readily by emerging shoots and to a lesser extent by roots (Anonymous, 1994). 

Ashton and Monaco (1991) stated that oxadiazon appears to function by affecting the 

young shoots of plants as they come in contact with the herbicide and to a lesser extent 

can be transmitted to the roots of susceptible plants when applied as a postemergent 

application. Phytotoxicity is also a common occurrence with young plants treated with 

oxadiazon and sublethal rates may produce bronzing of young leaves (Anonymous, 

1994). 

Work by Fermanian et al. (1980) utilized four seeded bermudagrass strains and 

applications of oxadiazon at 0.79,2.03,3.28 and 4.52 kg ha-
1 

immediately after seeding. 

Extreme toxicity resulted in 0.8 % survival of planted seeds and oxadiazon was excluded 

from further testing. Early research by Breuninger and Schmidt (1981) found that root 

contact of established Tifway bermudagrass plugs with oxadiazon at 3.4 kg ha-
1 

resulted 

in a 7% root mass reduction and a 10% reduction in clipping yields relative to the control 

when harvested 6 weeks after treatment. Bingham and Schmidt (1983) found that a 3.4 kg 

ha-
1 

oxadiazon application did not affect root development, shoot growth or 

phytotoxicity appearance of 'Midiron' and Tifway hybrid bermudagrass or 'Tufcote' 

10
 



common bermudagrass sod 28 DAT. Conclusions were that oxadiazon at a 3.4 kg ha-
1 

rate can be used during bermudagrass establishment from sod. 

Visual ratings of early spring growth made by Johnson (1983) on Tifdwarf' 

hybrid bermudagrass putting greens showed oxadiazon at 4.5 kg ha-
1 

applied twice 

annually for 6 years severely retarded turf growth, reduced ground cover and sod 

uniformity. However, root mass measured from plugs collected from treated plots was 

unaffected by annual applications of oxadiazon at 4.5 kg ha-
1

. Additional research by 

Johnson (1985) showed rooting of established Tifdwarf, Tifway, Tifgreen and Ormond 

hybrid bermudagrass stands were unaffected by annual applications of oxadiazon at 4.5 

and 13.5 kg ha-
1

. Conclusions were that oxadiazon does not inhibit root growth of 

established bermudagrass. 

Bingham and Hall (1985) examined the effects of multiple rates of oxadiazon on 

sprig establishment of Vamont' common bermudagrass as well as on Midiron and Tifway 

hybrid bermudagrass. Data collected on Vamont and Midiron, the two studied, showed 

oxadiazon applied at 2.2, 3.4, and 4.5 kg ha-
1 

on the day of sprigging did not inhibit shoot 

growth. Vamont and Tifway root development, as measured by the force required to 

uproot the sod, were unaffected by rates up to 4.5 kg ha-
1

. Midiron root development was 

reduced by 42% at 2.2 kg ha-1 but higher rates did not cause further reduction of root 

strength. 

PENDIMETHALIN 

Pendimethalin belongs to the dinitroaniline family of preemergent herbicides and 

is classified as a mitotic disrupter herbicide (Anonymous, 1994). Pendimethalin has been 
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researched as a preemergent herbicide since its introduction in the early 1970's 

(Anonymous, 1994). Application of pendimethalin has encompassed use on a wide range 

of crops including turfgrasses (Ashton and Monaco, 1991). 

Early work with pendimethalin (Turner et ai., 1990) examined the herbicidal 

effect of pendimethalin on mature and immature centipedegrass (Eremochloa 

ophiuroides [Munro] Hack.) in 1986 and 1987. Parameters measured were stand 

reduction (measured visually), tensile strength of sod, root density and root length 

development. Rates of pendimethalin used in the study were 1.7 and 3.4 kg ha-
l

. Visual 

ratings were made 6 WAT following a single application of both rate in subsequent years. 

Data indicated pendimethalin caused no significant reduction in visual quality for both 

years. Measurements of tensile strength 2, 4, and 8 WAT following 1.7 and 3.4 kg ha-
l 

pendimethalin applications in consecutive years showed no significant reduction in 

tensile strength for both years. Root density showed no significant reduction in 1986 at 2, 

4, and 8 WAT. In 1987, root density was reduced at 2 WAT by the 1.7 and 3.4 kg ha-
l 

pendimethalin rates. At 4 and 8 WAT, pendimethalin showed no significant reduction in 

root density. In both years and at both application rates, pendimethalin showed no 

significant reduction in root length measurements. 

Johnson and Murphy (1991) studied the effect of pendimethalin applied at 3.4 and 

10.1 kg ha-
l 

to 'Kentucky 31' tall fescue (Festuca arundinacea Schreb.). Applications 

were made the following February to stands planted in September, October and 

November of 1988 and 1989. The parameters of turf quality and turf density were 

measured visually. Turf quality ratings indicated that September planted plots treated 

with the 3.4 kg ha-
1 

rate had slightly reduced turf quality while October and November 
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plantings had moderately reduced turf quality across both years. Pendimethalin applied at 

10.1 kg ha-
1 

reduced turf quality slightly in the September planted plots, but severely 

reduced turf quality in the October and November planted plots across both years. Turf 

density ratings reflected the same trend over both years at both application rates. 

Landschoot et al. (1993) evaluated preemergent herbicides including 

pendimethalin for their effects on root growth of mature Kentucky bluegrass (Paa 

pratensis L.) and tall fescue turfgrass in a greenhouse experiment in 1990 and 1991. 

Application of pendimethalin was at 1.7 kg ha-
1 

to established turf plots and plugs were 

pulled and moved to the greenhouse. Roots harvested 47 DAT indicated the 1.7 kg ha-
1 

pendimethalin rate significantly reduced root mass in both 1990 and 1991 on Kentucky 

bluegrass samples when compared to controls. Root mass data collected 47 DAT from 

tall fescue samples treated with the 1.7 kg ha-
1 

pendimethalin rate showed no significant 

root mass reduction in both 1990 and 1991 when compared to controls. 

Fishel and Coats (1993) initiated research on mature common bermudagrass sod 

to examine the effect of several preemergent herbicides, including pendimethalin, on 

bermudagrass root growth in 1990 and 1991. Pendimethalin was applied at 3.4 kg ha-
1 

and cores were taken from treated plots 2, 4, 8 WAT. In 1990 pendimethalin reduced root 

mass production at all three treatment dates. In 1991 reduced root mass production was 

reported at 2 and 4 WAT. In 1991, at 8 WAT, no reduction in root mass production was 

observed. Lack of effect at 8 WAT in 1991 was attributed to herbicide degradation due to 

extremely wet conditions during the treatment to harvest period. 
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PRODIAMINE 

Prodiamine is a preemergent herbicide belonging to the dinitroaniline family and 

is classified as a mitotic disrupter herbicide (Anonymous, 1994). Dinitroaniline 

herbicides have been routinely recommended for weed control in bermudagrass (Beard, 

1973 and 1982; Turgeon, 1985). As a result of their herbicidal uses, dinitroaniline 

herbicides have been the focus of preemergent herbicide research since their introduction 

in the 1960's (Ashton and Monaco 1991). While this preemergent herbicide family has a 

long history in weed control, prodiamine is a relatively new entry to the family 

(Anonymous, 1994). 

Early work with prodiamine (Dernoeden et aI., 1988) examined the effects of 

prodiamine applied at 0.28,0.42,0.56,0.84, 1.12 and 2.24 kg ha-
1 

on cover, overall 

quality and root development of plugs harvested from an unknown cultivar of established 

perennial ryegrass. Plots treat three times (April 22, May 20, and August 5, 1987) with 

the 0.28, 0.42, 0.56, 0.84, 1.12 and 2.24 kg ha-
1

rates showed reduced cover at the two 

highest rates of prodiamine (1.12 and 2.24 kg ha-
1
). On the last of the three treatment 

dates, overall quality ratings indicated only the highest prodiamine rate (2.24 kg ha-
1
) 

exhibited inferior quality when compared to all other treatments. Root mass data 

collected from plots treated with 0.56, 1.12 and 2.24 kg ha-
1 

(other treatments not 

evaluated) indicated significant reductions in root weights. 

Hummel et ai. (1990) examined the effect of prodiamine on root mass, stand 

density and quality of 0.3,0.6, 1.1,2.2, and 4.5 kg ha-
1 

applications made to mature 

'Nugget' Kentucky bluegrass. All rates reduced root mass, stand density and quality 

when compared to controls. 
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Fermanian and Haley (1994) also examined the effects of prodiamine on 

established Kentucky bluegrass and overseeded seedling survival. Application rates of 

0.3, 004, 0.6, 0.8, 1.1, lA, 1.7, 2.0 and 2.2 kg ha-
1 

were utilized. Quality reduction 

occurred on bluegrass less than one year old receiving a single application at lA, 1.7,2.0 

and 2.2 kg ha-
1

. Rates of 0.8 and 2.2 kg ha-
1 

applied in the fall for three consecutive years 

significantly reduced the number of overseeded Kentucky bluegrass seedlings two years 

after planting. In a follow up study, prodiamine applied at 0.8, 1.1, lA, 1.7,2.0 and 2.2 

kg ha-
1 

once, during the previous fall, significantly reduced the number of surviving 

overseeded seedlings 56 days after planting. Conclusions were that prodiamine rates of 

less than 0.8 kg ha-
1 

should be used if overseeding is to be practiced. 

Han et al. (1995) initiated experiments on 14 established tall fescue varieties to 

examine the effect of 0.8 and 1.7 kg ha-
1 

applications on root mass and root length. 

Conclusions from this research indicated there was no significant effect at 0.8 kg ha-
1 

but 

the 1.7 kg ha-
1 

rate significantly reduced both root mass and root length of all varieties 4 

weeks after treatments. 

Johnson (1994) treated established Tifway bermudagrass with prodiamine at 0.8 

and 1.6 kg ha-
1 

to determine effects on turf quality and shoot density. Visual ratings of 

these two parameters through the course of the experiment indicated that both rates of 

prodiamine were not injurious to established Tifway bermudagrass. 

QUINCLORAC 

Quinclorac is an auxin herbicide with both postemergent and preemergent 

capabilities that is readily adsorbed by germinating seeds, roots and leaves. Quinclorac 
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affects sensitive grasses through inhibition of root and shoot growth (Grossman, 1998). 

Quinclorac was discovered by BASF and has been researched in the United States since 

1982 (Anonymous, 1994). 

Johnson (1995) studied the effects of multiple rates of quinclorac applied singly 

and as split applications to established common bermudagrass stands in 1993 and 1994 as 

part of a weed control efficacy trial. Rates of quinclorac utilized included 0.28, 0.43, 

0.56, and 0.84 kg ha-
1

. Split rates were 0.28 + 0.28, 0.43 + 0.28, and 0.43 + 0.43 kg ha-
1

. 

Visual ratings were gathered on injury 7 DAT and at 14,28,42, and 49 DAT. In 1993, 

injury was rated as acceptable with applications of quinclorac at 0.28 or 0.43 kg ha-
1 

and 

followed by a split application of 0.28 kg ha-
1 

2 or 4 weeks later. Injury was unacceptable 

when the split application was made 6 weeks after the initial applications of either rate. 

Injury from the latest split application dates was attributed to higher temperatures at that 

time. Injury from split rates of 0.43 + 0.43 kg ha-
1 

were rated as unacceptable. At rates 

greater than or equal to 0.56 kg ha-
1 

injury was rated as unacceptable. In 1994, at 10 

DAT, injury was unacceptable at all rates. However, maximum injury from split 

applications was less when either 0.28 or 0.43 kg ha-
1 

was applied as an initial treatment 

followed by 0.28 kg ha-
1 

at a 2 week interval instead of a 6 week interval. Johnson (1995) 

concluded that quinclorac caused varying degrees of injury depending upon rate and 

follow up split application timing. 

Dotray and McKenney (1996) conducted experiments with quinclorac applied to 

seeded buffalograss at 0.6 kg ha-
1

. Seeded buffalograss plots were treated with quinclorac 

at 0.6 kg ha-
1 

24 hours after seeding in 1993 and 1994. Stand density was visually rated 

and reported as percent coverage relative to untreated plots. Quinclorac significantly 
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reduced stand density 4 and 10 WAT in 1993 and in 1994 at 4,16 and 21 WAT when 

compared to untreated plots. Biomass was determined at the end of the growing season 

by harvesting a lO-cm-diameter circle in each plot. The 0.6 kg ha-
1 

rate of quinclorac 

significantly reduced the amount of biomass produced when compared to untreated plots. 

The authors concluded that seeded buffalograss was sensitive to quinclorac and that 

quinclorac should not be used as a preemergence on newly seeded buffalograss. 

Substantially more information is available regarding the effect of preemergent 

herbicides on mature and sodded turfgrasses relative to seed established bermudagrass. 

Increased usage of bermudagrass seed in establishment justifies that additional work be 

performed on seeded bermudagrass tolerance to herbicides. With this in mind, the 

objectives of this research were to examine the effect of preemergent herbicides on 

seedling bermudagrass color, shoot density, clipping yield, and root mass; and to address 

these effects on bermudagrass seedlings. 
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ABSTRACT 

One of the major challenges in establishing bermudagrass (Cynodon dacylon [L.] 

Pers.) by seed is the severe competition bermudagrass can experience from warm-season 

annual weeds during the establishment phase. Weedy summer annual grasses can be 

controlled using preemergent herbicides, however, the sensitivity of juvenile 

bermudagrass to these herbicides is a concern. Field (1991-1992) and green house studies 

(1993) were conducted at Stillwater, OK to determine the preemergent herbicide having 

the least injurious effect on seedling bermudagrass and the age at which the product could 

be applied. The first objective was to field screen eight preemergent herbicides applied at 

0, 2, 4, 6, 8 and 10 weeks after planting (WAP) for effects on visual appearance, clipping 

yield, shoot density, verdure and root mass of 'Cheyenne' common bermudagrass. The 

second objective of this work was to test the effects of reduced rates (2.9, 5.9,8.9, 11.8 

kg ha,l = 1/4, 1/2,3/4 and 1x label rates, respectively) of DCPA, the most promising 

preemergent herbicide, on Cheyenne using the same response parameters. Sprayable 

oxadiazon WP (3.4 kg ha'l), metolachlor (4.5 kg ha'l) and quinclorac (1.1 kg ha'l) were 

phytotoxic to all ages of common bermudagrass. No other treatments produced a 

significant phytotoxic effect. DCPA (11.8 kg ha'l), quinclorac, prodiamine (0.8 kg ha'l) 

and oxadiazon G (3.4 kg ha,l) did not reduce clipping yields. Isoxaben (1.5 kg ha'l) and 

oxadiazon WP reduced clipping yields when applied 2WAP in 1991. Pendimethalin (3.4 

kg ha'l) and the low rate of dithiopyr (0.6 kg ha'l) reduced clipping yields when applied 
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2WAP in 1992. The high rate of dithiopyr (1.1 kg ha-
1
) reduced clipping yields at 2WAP 

in 1991 and at all dates in 1992. Metolachlor reduced clipping yields of all age groups of 

bermudagrass. Herbicide treatments did not affect shoot density or dry root mass 

production in the field. In the greenhouse experiments DCPA did not produce any 

phytotoxicity. Clipping yields in both greenhouse experiments were similar in that the 

highest rate caused the largest reduction in yield. DCPA treatments often increased shoot 

mass yields (verdure) compared to the control but results were inconsistent across 

greenhouse experiments. Shoot density effects were inconsistent across both greenhouse 

experiments. While DCPA was identified as the safest herbicide to apply to seeded 

bermudagrass as early as 2WAP, additional field work is needed on lower use rates of all 

products tested not only for safety to seedling bermudagrass but for efficacy in control of 

summer annual weeds. 
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INTRODUCTION 

One of the major challenges in establishing bermudagrass (Cynodon dacylon [L.] 

Pers.) by seed is the severe competition from warm-season annual weeds during 

establishment phase. Weeds of greatest concern are usually annual grasses such as 

smooth crabgrass (Digitaria ischaemum [Schreb.] Muhl.), hairy crabgrass (Digitaria 

sanguinalis [L.] Scop.) and goosegrass (Eleusine indica [L] Gaertn.). Weedy summer 

annual grasses can be effectively controlled using preemergent herbicides, however, the 

sensitivity of juvenile bermudagrass to these herbicides is a concern. 

At least 22 preemergent herbicide products (16 separate active ingredients) are 

currently US EPA Registered for use by commercial/professional applicators on turfgrass 

stands (Anonymous, 2001d). The most widely used active ingredients include 

pendimethalin, prodiamine, oryzalin, dithiopyr, benefin, trifluralin, siduron, metholacWor 

and DCPA. Of these products, only Tupersan (active ingredient siduron) and Dacthal 

(active ingredient DCPA) have labeling statements that indicate that they could be used 

(acceptable risk implied) on seedling turfgrasses. Siduron is known to be highly 

phytotoxic to bermudagrass and thus its US EPA Label contains statements warning the 

user against its use on bermudagrass areas (Anonymous, 1999). 

DCPA is labeled for use on seedling turfgrasses (Anonymous, 2001b) at 11.8 kg 

ha-
1 

and has no restriction on application to bermudagrass or to bermudagrass seedling 

stands. The remaining preemergent herbicides have labels with suggested delayed turf 

reseeding intervals in a general form or restrictions on the age or developmental stage of 

turf to which it should be applied. 
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Example cases of the reseeding delay precautions found on preemergent herbicide 

labels include those of oryzalin, having a 90-120 d delay (Anonymous, 2002) and 

pendimethalin, having a 3 months [-90 d] suggested delay (Anonymous, 2001c). 

Concerning the age at which seedling stands can be treated with preemergent herbicides, 

bermudagrass is not distinguished from other turfgrasses and restrictions on treating 

immature turf are not species specific. Example cases of restrictions on treating over 

immature turf include those for pendimethalin, "on newly planted areas application 

should not be applied until the turfgrass has filled in and been mowed at least four times" 

(Anonymous, 2001c); prodiamine, "injury is likely if applied before the secondary roots 

are in the second inch of soil" or a suggested time delay of "60 d after seeding or until 

after the 2
nd 

mowing, whichever is longer" (Anonymous, 2001a); oxadiazon G, "do not 

apply to newly seeded areas" (Anonymous, 2000) and oryzalin, "Apply only to healthy, 

well-established turf that has a well-anchored root system" (Anonymous, 2002). 

Early research with preemergent herbicides dealt mainly with either cool season 

grasses established by seed or sod and later with bermudagrass that was established by 

vegetative means. Fermanian et al. (1980) is the only researcher to have examined the 

direct effects of preemergent herbicides on newly seeded bermudagrass. 

Bingham (1967) found that DCPA applied at 5.6 kg ha -I and 11.2 kg ha -I 

reduced bermudagrass root mass and stolon development. Johnson (1980) found that 

DCPA applied annually from 1975-79 at 11.2 kg ha-
1 

did not effect root development of 

four hybrid bermudagrasses (c. dactylon [L.] x C. transvaalensis Burtt-Davy). In 

seeming contrast to this, Fullerton et al. (1970) found that an application of DCPA at 11.2 
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kg ha -1 reduced root mass but not verdure or stolon production in Tifgreen' hybrid 

bermudagrass established from sprigs. 

Kasi et al. (1987) found that established Tifgreen bermudagrass was only tolerant 

of dithiopyr rates from 0.27 up to 0.54 kg ha-
1

• Johnson (1994) concluded that a dithiopyr 

EC formulation was safe to use on 'Tifway' hybrid bermudagrass at the 0.8 kg ha-
1 

rate 

but that turf quality and shoot density were unacceptable using the 1.6 kg ha-
1 

rate. Fry et 

al. (1997) found that dithiopyr reduced seedling density of 'Sharp's Improved' 

buffalograss (Buchloe dactyloides [Nutt.] Engelm.) by 93% to 99% when used at 0.6 kg 

ha-
1 

2 days after planting (DAP), with significantly lowering foliar cover at three test sites 

12 weeks after treatment (WAT). 

Research by McCarty et al. (1995) studied the effect of isoxaben applications on 

regrowth of St. Augustine (Stenotaphrum secundatum [Walt.] Kuntze) stolons in sod 

production settings. The high rate of isoxaben (1.1 kg ha-
1
) increased the number of 

unrooted stolons by 5 to 24 % through 4 WAT or 8 months after treatment (MAT) 

depending upon the location. The 0.6 kg ha-
1 

rate had no effect on unrooted stolons and 

both rates had no effect upon root weight. Dotray and McKenney (1996) found that 

buffalograss biomass measured at the end of the growing season was not significantly 

affected by a 1.1 kg ha-
1 

rate of isoxaben applied to an established 2-year-old stand. 

Bovey and Voigt (1983) found that metolachlor applied at 0.3,0.6, 1.1,2.2, and 

4.5 kg ha-
1 

at 2 d after seeding resulted in significant phytotoxicity to weeping lovegrass 

(Eragrostis curvaula [Schrad.]) seedlings. McCarty et al. (1995) concluded that 

metolachlor at 1.1 and 2.2 kg ha-
1 

could safely be used on St. Augustine regrowth after 
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sod harvest. The rates used had no effect on turf color at 2 WAT or on the number of 

unrooted stolons and treatments increased turfgrass density 4,6 and 10 MAT. 

Dotray and McKenney (1996) found that metolachlor applied at 4.5 kg ha-
1 

on 

mature buffalograss reduced biomass production at season's end. Seeded buffalograss 

plots treated with metolachlor at 3.4 kg ha-
1 

24 hr after seeding reduced year-end biomass 

and stand density 4 through 10 WAT in 1993 and 4 through 21 WAT in 1994. 

Fermanian et al. (1980) found that oxadiazon at 0.79, 2.03, 3.28 and 4.52 kg ha-
1 

applied immediately after seeding caused extreme toxicity and only 0.8 % survival of 

plants. Breuninger and Schmidt (1981) found that oxadiazon applied to established 

Tifway bermudagrass at 3.4 kg ha-
1 

resulted in a 7% root mass reduction and a 10% 

reduction in clipping yields 6 weeks after treatment. Bingham and Schmidt (1983) 

concluded that oxadiazon at a 3.4 kg ha-
1 

rate could be used during bermudagrass 

establishment from sod as it did not affect root development, shoot growth or appearance 

of 'Midiron' or Tifway hybrid bermudagrasses or 'Tufcote' common bermudagrass sod 

28 DAT. Oxadiazon applied twice annually at 4.5 kg ha-
1 

for 6 years on 'Tifdwarf hybrid 

bermudagrass putting greens severely retarded turf growth, reduced ground cover and sod 

uniformity (Johnson, 1983). When oxadiazon was applied only once annual at 4.5 kg ha­

\ Johnson (1983) found no negative effect on bermudagrass putting green root mass. 

Johnson (1985) later showed that rooting of established Tifdwarf, Tifway, Tifgreen and 

'Ormond' hybrid bermudagrasses were unaffected by annual applications of oxadiazon at 

4.5 and 13.5 kg ha-
1

. 

Oxadiazon applied at 2.2, 3.4, and 4.5 kg ha-
1 

on the day of sprigging did not 

inhibit shoot growth of 'Vamont' common bermudagrass, Midiron and Tifway 
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bermudagrasses (Bingham and Hall, 1985). In this study Vamont and Tifway root 

development was unaffected by rates up to 4.5 kg ha-t, whereas Midiron root 

development was reduced by 42% at 2.2 kg ha-
1

. 

Early work with pendimethalin (Turner et aI., 1990) examined herbicidal effect on 

stand reduction (measured visually), sod tensile strength, root density and root length 

development. Rates of pendimethalin included 1.7 and 3.4 kg ha-
1

. Visual ratings were 

made 6 WAT following a single application of both rates in subsequent years. Data 

indicated no significant reduction in visual quality for both years. Measurements of 

tensile strength 2, 4, and 8 WAT following 1.7 and 3.4 kg ha-
1 

applications in consecutive 

years showed no significant reduction for both years. No significant reduction in root 

density was observed in 1986 at 2, 4, and 8 WAT. In 1987, root density was reduced at 2 

WAT by the 1.7 and 3.4 kg ha-
1 

rates. No significant reduction in root density was 

observed at 4 and 8 WAT. No significant reduction in root length measurements was 

observed in both years at the two application rates. 

Johnson and Murphy (1991) studied the effect of pendimethalin applied at 3.4 and 

10.1 kg ha-
1 

to 'Kentucky 31' tall fescue (Festuca arundinacea Schreb.). Applications 

were made the following February to stands planted in September, October and 

November of 1988 and 1989. September planted plots treated with the 3.4 kg ha-
1 

rate 

had slightly reduced turf quality while October and November plantings had moderately 

reduced turf quality. Pendimethalin applied at 10.1 kg ha-
1 

reduced turf quality slightly in 

the September planted plots, but severely reduced turf quality in the October and 

November planted plots. 
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Landschoot et ai. (1993) evaluated preemergent herbicides including 

pendimethalin for their effects on root growth of mature Kentucky bluegrass (Poa 

pratensis 1.) and tall fescue turfgrass in a greenhouse experiment in 1990 and 1991. 

Application of pendimethalin was at 1.7 kg ha-
1 

to established turf plots and plugs were 

pulled and moved to the greenhouse. Roots harvested 47 DAT indicated the 1.7 kg ha-
1 

pendimethalin rate significantly reduced root mass in both 1990 and 1991 on Kentucky 

bluegrass. Root mass at 47 DAT from tall fescue samples treated with the 1.7 kg ha-
1 

pendimethalin rate showed no significant root mass reduction in both 1990 and 1991. 

Fishel and Coats (1993) initiated research on mature common bermudagrass sod 

to examine the effect of several preemergent herbicides, including pendimethalin, on 

bermudagrass root growth in 1990 and 1991. Pendimethalin was applied at 3.4 kg ha-
1 

and cores were taken from treated plots 2, 4, 8 WAT. In 1990 pendimethalin reduced root 

mass production at all three treatment dates. In 1991 reduced root mass production was 

reported at 2 and 4 WAT. In 1991, at 8 WAT, no reduction in root mass production was 

observed. Lack of effect at 8 WAT in 1991 was attributed to herbicide degradation due to 

extremely wet conditions during the treatment to harvest period. 

Early work with prodiamine (Dernoeden et aI., 1988) examined the effects of 

prodiamine applied at 0.28,0.42,0.56, 0.84, 1.12 and 2.24 kg ha-
1 

on cover, overall 

quality and root development of plugs harvested from an unknown cultivar of established 

perennial ryegrass. Plots treated three times (April 22, May 20, and August 5, 1987) with 

the 0.28,0.42,0.56,0.84, 1.12 and 2.24 kg ha-
1

rates showed reduced cover at the two 

highest rates of prodiamine (1.12 and 2.24 kg ha-
1
). On the last of the three treatment 

dates, overall quality ratings indicated only the highest prodiamine rate (2.24 kg ha-
1
) 
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exhibited inferior quality when compared to all other treatments. Root mass data 

collected from plots treated with 0.56, 1.12 and 2.24 kg ha'l (other treatments not 

evaluated) indicated significant reductions in root weights. 

Hummel et al. (1990) found that prodiamine reduced root mass, stand density and 

quality when applied at 0.3, 0.6, 1.1, 2.2, and 4.5 kg ha'l to mature 'Nugget' Kentucky 

bluegrass. Fermanian and Haley (1994) found that quality reduction occurred on 

Kentucky bluegrass less than one year old when receiving a single application at 1.4, 1.7, 

2.0 and 2.2 kg ha'l. Rates of 0.8 and 2.2 kg ha'l applied in the fall for three consecutive 

years reduced the number of overseeded Kentucky bluegrass seedlings two years after 

planting. Prodiamine applied at 0.8, 1.1, 1.4, 1.7, 2.0 and 2.2 kg ha'l once, during the 

previous fall, significantly reduced the number of surviving overseeded seedlings 56 days 

after planting. Fermanian and Haley (1994) concluded that prodiamine rates of less than 

0.8 kg ha'l should be used if overseeding of Kentucky bluegrass is to be practiced. Han et 

al. (1995) initiated experiments on 14 established tall fescue varieties to examine the 

effect of 0.8 and 1.7 kg ha'l application of prodiamine on root mass and root length. 

Conclusions from their research indicated no significant effect at 0.8 kg ha'l but the 1.7 

kg ha'l rate significantly reduced both root mass and root length of all varieties at 4 

WAP. Johnson (1994) treated established Tifway bermudagrass with prodiamine at 0.8 

and 1.6 kg ha,l and found it non-injurious to established Tifway bermudagrass. 

Johnson (1995) studied the effects of multiple rates of quinclorac applied singly 

and as split applications to established common bermudagrass stands. He concluded that 

quinclorac caused varying degrees of injury depending upon rate and follow up split 

application timing. Dotray and McKenney (1996) found that quinclorac at 0.6 kg ha'l 
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applied 24 hr after seeding buffalograss significantly reduced stand density from 4 to 10 

WAT in one year and 4 to 21 WAT in another, as well as reduce biomass production as 

measured at the end of the growing season. Dotray and McKenney (1996) concluded that 

quinclorac should not be used as a preemergent herbicide on newly seeded buffalograss 

due to its sensitivity. 

In summary, review of the literature revealed that substantially more information 

was available regarding the effect of preemergent herbicides on mature and sodded 

turfgrasses as compared to use on seed established bermudagrass. Additionally, the 

original field research backing the herbicide label use suggestions on immature turf does 

not appear to be public domain accessible. With the increased interest in establishment of 

bermudagrass by seed and the identified gap in available information, we felt that 

research in seedling bermudagrass tolerance to preemergence herbicides was justified. 

The first objective of this research was to evaluate under field conditions the effect of 8 

preemergent herbicides applied at 0, 2, 4, 6, 8 and 10 weeks after planting (WAP) on the 

phytotoxicity response, clipping yield, shoot density, verdure and root mass of 

'Cheyenne' common bermudagrass. The second objective of this work was to test the 

effects of reduced rates (0, %, 1Jz, % and 1X label rates) of the most promising 

preemergent herbicide on Cheyenne, using the same response parameters as in Objective 

1. 
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MATERIALS & METHODS 

FIELD STUDIES 

Field experiments were conducted at the Oklahoma State University Turfgrass 

Research Center, Stillwater, OK during the summers of 1991 and 1992. The soil was an 

Easpur sandy loam (fine-sandy, mixed, thermic Fluventic Haplustoll) composed of 53% 

sand, 30% silt and 17% clay, with 1.1% organic matter and a pH of 6.6. Soil was disked, 

-1 
rototilled, treated with methyl bromide at 488 kg ha and sealed with a polyethylene 

cover for 48 hr prior to removal. One day prior to planting, soil was amended with 48.8 

-1-1 -1 
kg N ha ,9.7 kg P ha and 24.3 kg K ha . The site was otherwise maintained with 48.9 

-1 -1 
kg N ha month using a 34-0-0 (N-P-K) source. 

Experimental areas 15.2 x 30.5 m were seeded on 19 July 1991 and 16 July 1992 

-1 
using 0.45 kg ha pure live seed of Cheyenne bermudagrass. Seed was incorporated in 

two directions using leaf rakes. Plots were irrigated by hand during the initial 

establishment phase to minimize desiccation and displacement of seed. Later 

supplemental additions of water were made through pop-up rotary sprinklers to insure 

-1 
totals of 1.9 cm water wk . Shoots emerged five days after planting in 1991 and 1992. 

Plots were maintained at a mowing height of 1.9 cm using a rotary vacuum mower. 

HERBICIDE TREATMENTS 

In 1991, the following herbicide treatments were applied to 1.5 x 1.5 m plots at 0, 

2,4,6,8, and 10 wks after planting (WAP); DCPA, dimethyI2,3,5,6-tetrachloro-1,4­

benzenedicarboxylate at 11.77 kg ha-
1

; Isoxaben, N-[3-(1-ethyl-1-methylpropyl)-5­

isoxazolyl]-2,6-dimethoxybezamide at 1.49 kg ha-
1

; dithiopyr, S,s-dimethyl 2­
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(difluoromethyl)-4-(2-methylpropyl)-6-(trifluoromethyl)-3,5-pyridinecarbothioate at 1.12 

kg ha-
1

; oxadiazon, 3-[2,4-dichloro-5-(1-methylethoxy)phenyl]-5-(1,l-dimethylethyl)­

1,3,4-oxadiazol-2-(3H)-one at 3.36 kg ha-\ pendimethalin, N-(1-ethylpropyl)-3,4­

dimethyl-2,6-dinitrobenzanamine at 3.36 kg ha-
1

; quinclorac, 3,7-dichloro-8­

quinolinecarboxylic acid at 1.12 kg ha-
1

; prodiamine, ~~-di-n-propyl-2,4-dinitro-6­

(trifluromethyl)-m-phenylenediamine at 0.84 kg ha-
1

. The treatment rates chosen were the 

high end rates in effect on commercial or experimental labels in 1991. In 1992 the 

experiment was repeated, and the herbicide treatments from the previous year as well as 

-1 -1 
dithiopyr at 0.56 kg ha , oxadiazon in a granular form at 3.36 kg ha and metolachlor at 

-1 
4.48 kg ha were included. The specific fonnulations of herbicides used in this research 

were: DCPA, 75% wettable powder (WP); isoxaben, 75% dry flowable (DF); dithiopyr, 

0.12 kg r
1 

emulsifiable concentrate (EC); oxadiazon, 2% dry granule (G) and 50% WP; 

pendimethalin, 60% water dispersible granule (DF); quinclorac, 75% DF; prodiamine, 

65% DG; and metolachlor, 0.94 kg r
1 

EC. Treatments were replicated three times in a 

randomized complete block design. A C02 pressurized hand boom sprayer with three 

8005 low pressure flat fan nozzles was used to deliver the sprayable treatments at 514.4 L 

ha . One hr after application, all plots were watered to remove materials from leaf 

surfaces. Subsequent weekly irrigations were also used to remove materials from the 

leaves. 

PHYTOTOXICITY 

Phytotoxicity was measured using a 1-9 visual rating scale (1 =no observed effect 

and 9 = complete necrosis of shoots and a straw colored appearance) on the day of 
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herbicide treatment and every other day for 2 wks, for a total of 7 rating dates. No 0 

WAT ratings were taken on OWAP treatments as there was no phytotoxicity, as 

germination had not occurred. 

CLIPPING YIELD 

Clippings were collected 2, 4, 6, 8, and 10 WAP using a rotary vacuum mower set 

at 1.9 cm. Plots were mowed twice weekly after the initial herbicide application with 

yields taken 4 days after the first weekly mowing. Clippings were collected from a 96.5 x 

55.9 cm area in the center of each plot. Clippings were dried at 58.7 ± 7.0C for four days 

prior to weighing. 

SHOOT DENSITY 

In 1991 live shoot density was by manually counting shoots and recording the 

results. The 1991 shoot density records were subsequently lost. In 1992, live shoot 

density was measured and recorded 30 DAT on the 2, 4, 6, 8 and 10 WAP treatments. 

Three 5.7 cm dia. plugs were taken at random from the 2 WAP treatment plots whereas 

three 10.2 cm dia. plugs were taken from the 4 through 10 WAP plots. All plugs were 

-2 
frozen and shoots were counted at a latter date. The mean shoots dm from the three 

samples for each replicate were utilized in the analysis. 

ROOT YIELDS 

In both 1991 and 1992, six 2.5 cm dia. X 15.2 cm length plugs were collected 30 

DAT to measure root mass. Verdure and thatch were separated from plugs at the soil line. 
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Plugs were frozen and later soaked in a solution of sodium hexametaphosphate (SHMP) 

and water (Smucker et aI., 1982). The SHMP was used to disperse clay particles from 

root material. Roots were separated from soil using a vortex root washer (Gillisons 

Variety Fabrication, Inc; 3033 Benzie Hwy., Benzonia, MI 49616). Pooled samples of 

root materials were dried for three days at a temperature of 48.9 ± 7.0C prior to recording 

dry mass. 

STATISTICAL ANALYSIS -FIELD STUDIES 

Data was analyzed using an analysis of variance procedure, Proc ANOVA (SAS 

Institute, 1985). A separate ANOVA was conducted on data from each year (Experiment) 

because the herbicide treatments were not identical for the two Experiments. For analysis 

of phytotoxicity data, the analysis was set up as a split block-split in time, with 

bermudagrass age (WAP) x blocks as main plots, herbicide treatments as subplots and 

sampling dates as sub-sub plots. As pooling of data over sampling dates was performed 

for the clipping yield variable and only a single sampling date was involved with 

measurement of shoot and root mass production, when analyzing these parameters, a 

split-block arrangement of treatments was utilized with WAP x blocks as main plots and 

herbicide treatments as subplots. When effects were found significant at the P ~ 0.05 

level in the ANOVA, Fisher's least significant difference test was used to separate 

treatment means. 
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GREENHOUSE STUDIES
 

Greenhouse experiment were conducted at the Oklahoma State Univer ity 

Turfgrass Research Center, Stillwater, OK during the Winter of 1993. The oil utilized in 

these experiments, an Easpur andy loam, was the same oil as used in the field 

experiments and it was fumigated a described earlier. 
, 
Plastic pots, 15.2 cm2 were filled to 2.5 cm from the top of the pot with the treated 

field soil. Cheese cloth was placed over the drain boles in the bottom of pots to prevent 

loss of field soiL In one set of 150, 15.2 cm2 pots, Cheyenne was seeded at a 0.45 kg ha 
-1 

pure live seed and covered with 0.3 em of treated field soil. In another set of 150 pots, 

-1 
both Cheyenne bermudagrass and crabgrass were seeded at a 0.45 kg ha pure live seed 

rate, each, and covered with 0.3 cm of fumigated field soil. Fertilization of seeded pots 

-1 -J 
consisted of an initial pre-plant amendment with 48.8 kg N ha , 9.7 kg P ha and 24.3 kg 

-1 -J -1 
K ha . The pots were otherwise maintained with 48.9 kg ha month using a 34-0-0 

(N-P-K) source. During establishment, pot were irrigated by hand to minimize 

desiccation and displacement of eed. Later upplemental additions of water were made 

-I 
through automated stationary sprinklers to insure total of 1.9 cm water wk . Day length 

was maintained at 14 hrs by supplementing natural sunlight with artificial light from HID 

lamps. Shoots emerged six days after planting. Turf in pots was maintained through 

regular clipping at a height of 2.5 em, using hand held shear , as soon as canopy growth 

cleared the sides of the pots. Clippings were collected weekly to measure dipping yield. 
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HERBICIDE TREATMENTS 

Herbicide treatments consisted of DCPA applied at 2.9 5.9,8.9 and 11.8 kg ha- I
. 

A nontreated check was also included in the experiment. Treatment were applied to 

three different age groups of turf by making applications at 2 4, and 6 WAP. Treatments 

were replicated in a randomized complete block de ign. Herbicide wa sprayed over the 

top in a spray chamber using an 8005 flat fan pray nozzle calibrated to deliver a spray 

volume of 514 L ha"·l. Following herbicide applications, pots were returned to the 

greenhouse and approximately one hr a.fter application, all pot were hand watered to 

remove herbicide materials from leaf surfaces with sufficient volume to wet leaves to the 

point of runoff. Subsequent weekly irrigation was used to move the herbicide into the 

soil. 

PHYTOTOXICITY 

Phytotoxicity was measured as previously di cu ed under Field Studie " on the 

day of herbicide treatment (OWAT) and every other day for 2 wk , for a total of 7 rating 

dates. 

CLIPPING YIELD 

Clippings were collected as soon as shoot growth exceeded 2.5 em in height. Pots 

were clipped twice weekly as needed after the initial herbicide application with yields 

taken 4 days after the first weekly clipping, if present. Clipping samples consisted of the 

entire volume removed from the pot when the 2.5 cm mowing height was maintained. 

Clippings were dried at 58.7 ± 7.0C for four days prior to weighing. 
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SHOOT DENSITY & ROOT YIELDS
 

Live shoot density was measured at 30 DAT on the 2 4 6 WAP treatment . 

Entire plant populations were barYe ted by separating hoot growth from root . The 

number of plants pre ent were recorded along with the number of total aerial hoot 

present. Soil plugs containing the root system of harvested plants (harvested at the oil 

line) were bagged and frozen. Root yield data was later collected using tbe extraction and 

processesing techniques discussed under "Field Studies." 

STATISTICAL ANALYSIS - GREENHOUSE STUDIES 

Data was analyzed using an analysis of variance procedure, Proc ANOVA (SAS 

Institute, 1985). Data were pooled over experiments as experiments were set up 

identically. Pooled dipping yield as well as final verdure, shoot density and root mass 

harvest were analyzed as a completely randomized design with age, treatments and 

experiments as main plots. As we con idered WAP as a qualitative variable, when the 

effects was found significant at the P 5 0.05 level in the ANOVA, Fi her's lea t 

significant difference test was used to separate treatment means. As DCPA h rbicide rate 

represented a quantitative variable, when the herbicide rate or WAP x herbicide rate 

effect was significant at P 5 0.05 level in the ANOVA, single degree of freedom T-te t 

were used to separate treatment means from the non-treated control. 

39
 



RES LTS & DISCUSSION
 

FIELD STUDlES 

PHYTOTOXICITY 

An analysis of variance perfonned on phytotoxicity data collect d in 1991 and 

1992 indicated that significant treatment age treatment x ag , rating date and treatment x 

age x rating date effects were present in both year (Table 1). In 1991 treatment that 

caused phytotoxicity were oxadiazon wettable powder (WP), quinclorac, and dithiopyr 

(Table 2). Treatments that produced phytotoxicity usually provided a general trend of no 

effect at 1 day after treatment (DAT) with greater effect observed at 4 through 9 DAT 

and little or no effect observed at 13 DAT. 

At 2 WAP, oxadiazon provided phytotoxicity at 1,5 and 9 DAT while 

quinclorac provided phytotoxicity at 5 and 9 DAT. All other treatment resulted in no 

phytotoxicity symptoms at 2 WAP. At 4 WAP, oxadjazon and quinclorac provided 

phytotoxicity at 5 and 9 DAT, while the remaining treatment howed no phytot xic 

reactions. Oxadiazon and quinclorac treatments re ulted in phytotoxicity at 5 DAT n 6 

WAP treated turf, while phytotoxicity was present at 9 DAT for oxadiazon and dithi pyr 

treated plots. By 13 DAT only oxadiazon exhibited ymptom of phytotoxicity in 6 WAP 

treated turf. When berrnudagrass wa treated at 8 WAP, oxadiazon cau ed phytotoxicity 1 

DAT, while at 5 and 9 DAT quinclorac wa the only treatment that hawed phytotoxicity. 

All phytotoxic effects were gone by 13 DAT on 8WAP treated turf. 

Turf treated at 10 WAP had no phytotoxicity present at 1 and 13 DAT. At 5 DAT, 

turf treated with oxadiazon and quinclorac exhibited phytotoxicity. By 9 DAT, only 
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Table 1. Anal y i of variance for vi ual phytotoxicity ratings produced by herbicide 
application to 'Cheyenne' bermudagra sin 1991 and 1992. 

1991 1992 

Source df Mean Square df Mean Squares 

Age (A) 4 0.454*** 4 1.160*** 

Block (B) [A] 10 0.004 10 0.048 

Treatment (T) 7 3.685*** 10 9.262*** 

T*A 28 0.346*** 40 0.688*** 

Error I 70 0.002 100 0.113 

Date (D) 3 1.74*** 3 2.387*** 

Treatment (T) [D] 21 0.954*** 30 1.560*** 

Age (A) [D] 12 0.192*** 12 0.377*** 

T*A*D 84 0.148*** 120 0.19 *** 

Error IT 240 0.002 330 0.042 
*, ** , *** Significant at the P .$ 0.05, 0.01, and 0.001 probabiljty levels respectively. 
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quinclorac treated turf howed ign of phytotoxicity and no phytotoxicity remained from 

any treatment by 13 DAT when treated 10 WAP. 

In 1992, when turf was treated 2 WAP, only oxadiazon WP treatment developed 

phytotoxicity at 1 DAT (Table 3). At 5 OAT as in 1991, both oxadiazon WP and 

quinclorac treatments exhibited phytotoxicity. Additionally, dithiopyr at the 1.1 kg ha- l 

rate caused phytotoxicity. At 9 DAT, as in 1991 quinclorac treated turf exhibited 

phytotoxicity. Unlike 1991 results, at 9 DAT turf treated with dithiopyr at the 1.1 kg ha- l 

rate still had phytotoxicity symptoms present while oxadiazon treated turf did not. 

Metolachlor treatment resulted in phytotoxicity at 9 DAT and was the only treatment to 

continue to provide phytotoxicity at 13 DAT. 

When turf was treated at 4 WAP, metolachlor treatments resulted in phytotoxicity 

at 5,9, and 13 OAT. Both oxadiazon WP and quinclorac use re ulted in phytotoxicity at 

9 DAT as was the case in 1991. However, both of the treatments failed to cau e 

phytotoxicity at 5 DAT as was the case in 1991. 

When turf was treated at 6 WAP, oxadiazon WP produced phytotoxicity at 1 

through. 13 DAT in 1992 as compared to 5 through 13 OAT in 1991. Oxadiazon WP wa 

the only treatment to result in phytotoxicity at 13 OAT on the 6 WAP age group of turf in 

1992. The quinclorac treatment on this age of turf resulted in phytotoxicity at 5 and 9 

DAT in 1991 whereas in 1992 phytotoxicity was only detected at 5 DAT. The 

metolachlor treatment resulted in phytotoxicity at 5 and 9 DAT with no phytotoxicity 

observed at 1 or 13 DAT when used at 6 WAP in 1992. 

At 8 WAP, oxadiazon WP was the only treatment to result in phytotoxicity at 1 

through 13 OAT in 1992. In 1991, the oxadiazon WP treatment only caused phytotoxicity 
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at 1 DAT. The quinclorac treatment cau ed phytotoxicity in 1992 at 5, 9 and 13 OAT 

whereas in 1991 it had only caused phytotoxicity at 5 and 9 DAT. The metolachlor 

treatment resulted in turf phytotoxici.ty at 5 9 and 13 DAT in 1992. At 10 WAP in 1992, 

quinclorac caused phytotoxicity at 9 and 13 DAT whereas the metolachlor treatment 

caused phytoxicity at 5 through 13 DAT. 

The results obtained using metolachlor in 1992 are coo isteot with tho e obtaioed 

by Bovey and Voigt (1983) who found that the 4.5 kg ha- l rate applied to newly planted 

weeping lovegrass produced significant phytotoxicity. DOlray and McKenney (1996) also 

determined that the 4.5 kg ha-] metolacWor rate produced significant phytotoxicity to 

both established and newly planted buffalograss stands up to 15 weeks after treatment. 

Phytotoxic effects observed in both 1991 and 1992 with the WP formulation of 

oxadiazon are consistent with previous reports in the literature (Anonymous 1994). 

Fermanian et a1. (1980) found rates of 0.79,2.03, 3.28 and 4.52 kg ha-1 to be extremely 

toxic to bennudagrass immediately after planting. The lack of phytotoxic effect 

observed from the G formulations may be from the placement of the granules on the soil 

surface as opposed to placement of the WP formulation on the leaf surface prior to 

irrigation. 

Phytotoxic effects observed in 1991 and in 1992 with the 1.1 kg ha-1 quinclorac 

rate are consistent with those observed by Johnson (1995) who utilized lower rates of 

quinclorac, 0.28, 0.43, 0.56, and 0.84 kg ha-I, and determined that damage to establi hed 

bermudagrass stands was dependant upon the rate of quinclorac applied. 

The phytotoxicity observed in this experiment when using the high 1.1 kg ha- l 

rate of dithiopyr corresponded well with the findings of Ka i et a1. (1987) who found that 
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'Tifgreen' bermudagra s wa only tolerant of dithiopyr rates up to 0.54 kg ha-'. The 

lower rate of dithiopyr (0.6 kg ha-1
) u ed in the 1992 trial did not re ult in any phytotoxic 

effects on any age group of bermudagra . John on (1994) found that mature Tifway' 

bermudagrass quality was sigrtificantly reduced with a 1.6 kg ha- I dithiopyr rate but wa 

acceptable at a 0.8 kg ha-1 treatment rate. The lack of phytotoxic reaction from the 

remaining treatments correlated well with existing literature. 

CLIPPING YIELD 

An analysis of variance performed on clipping yield data collected in 1991 and 

1992 indicated a sigrtificant age, herbicide treatment and treatment x age interaction for 

both years (Table 4). In 1991, at 2 WAP, clipping yields from turf treated with DCPA, 

quincJorac, and prodiamine were not significantly different from that of the control plot 

(Table 5). Treatments that resulted in the most significant reduction in clipping yield 

when applied 2 WAP were dithiopyr, pendimethalin, oxadiazon and isoxaben which 

reduced clipping yield by 64%, 56%, 21% and 20%, re pectively, wh n compared to 

control plots. There was no significant difference between yields from dithiopyr and 

pendimethalin treated plots when used on this age group. Turf treated with oxadiazon and 

isoxaben had yields significantly greater than that of turf treated with dithiopyr and 

pendimethalin at 2 WAP. While clipping yields from oxadiazon and isoxaben treated 

plots were significantly lower than that from the control plots, yields were imilar to 

those from qUincJorac treated turf. At 4 WAP, there were no igrlificant reductions or 

differences in clipping yields from turf treated with any herbicide. 
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Table 4. Analy i of variance conducted on dry clipping yield produced by 
'Cheyenne bermudagra in 1991 and 1992. 

1991 199 

Source Df Mean Squares df Mean Square 

Age (A) 4 36983.99*** 4 040.10*** 

Block (B) [A] 10 96.92 10 158.2 *** 
Treatment (T) 7 1079.91*** 10 1569.72*** 

T*A 28 800.05*** 40 152.50*** 

Error 70 85.53 100 36.70 
*, ** , *** Significant at the P.$. 0.05, 0.01, and 0.001 probability level re pectively. 

49
 



T
ab

le
 5

. 
M

ea
n 

cl
ip

pi
ng

 y
ie

ld
 d

ry
 m

as
s 

pr
od

uc
ed

 b
y 

'C
he

ye
nn

e'
 b

er
m

ud
ag

ra
ss

 i
n 

19
91

. 

D
ry

 c
lip

pi
ng

 y
ie

ld
 

T
re

at
m

en
tU

 
R

at
e 

2W
A

pb 
4W

A
P 

6W
A

P 
8W

A
P 

10
W

A
P 

kg
 a

i 
ha

-1 
gm

 

D
C

PA
 (

W
P)

 
11

.8
 

15
0.

37
a 

63
.7

4 
32

.0
2a

b 
18

.4
8a

b 
25

.5
9 

ls
ox

ab
en

 (
D

F)
 

1.
5 

11
5.

47
bc

 
59

.7
6 

34
.8

6a
b 

17
.1

9b
 

20
.1

4 

D
ith

io
py

r 
(E

C
) 

1.
1 

51
.8

4d
 

54
.6

7 
29

.6
4b

 
13

.7
3b

 
18

.9
6 

O
xa

di
az

on
 (

W
P)

 
3.

4 
11

3.
44

c 
52

.8
6 

33
.2

1a
b 

16
.6

6b
 

25
.4

7 

Pe
nd

im
et

ha
lin

 (
E

C
) 

3.
4 

64
.0

5d
 

67
.5

3 
34

.7
5a

b 
17

.1
0b

 
27

.6
5 

V
I 

0 
Q

ui
nc

lo
ra

c 
(D

F)
 

1.
1 

13
2.

98
ab

c 
62

.0
5 

39
.2

7a
 

24
.6

3a
 

24
.6

8 

Pr
od

ia
m

in
e 

(D
G

) 
0.

8 
13

8.
92

ab
 

59
.6

6 
34

.9
8a

b 
17

.3
5b

 
28

.4
3 

C
on

tr
ol

 
14

4.
46

a 
62

.5
9 

33
.9

6a
b 

19
.5

0a
b 

18
.0

3 

c 
25

.2
8 

N
S 

8.
48

 
7.

03
 

N
S

L
SD

 
(0

.0
5)

 

U
 

Fo
rm

ul
at

io
n 

ab
br

ev
ia

tio
ns

: 
E

C
:=

 e
m

ul
si

fi
ab

le
 c

on
ce

nt
ra

te
, W

P 
=

 w
et

ta
bl

e 
po

w
de

r, 
D

G
 =

 w
at

er
 d

is
pe

rs
ib

le
 g

ra
nu

le
, D

F 
=

 d
ry

 
fl

ow
ab

le
. 

b 
W

A
P,

 w
ee

ks
 a

ft
er

 p
la

nt
in

g.
 

C
 M

ea
ns

 f
ol

lo
w

ed
 b

y 
th

e 
sa

m
e 

le
tte

r 
ar

e 
no

t 
si

gn
if

ic
an

tly
 d

if
fe

re
nt

 a
t 

th
e 

P 
~

 0
.0

5 
le

ve
l 

us
in

g 
th

e 
L

SD
 t

es
t. 

N
S 

::: 
no

 s
ta

tis
tic

al
 

si
gn

if
ic

an
ce

 p
re

se
nt

. 



At 6, 8 and 10 WAP none of the treatments re ulted in a significant reduction in 

clipping yields relative to the control. However, dithiopyr treated turf had significantly 

lower yields than turf treated with quinclorac at 6 WAP but neither of the e treatment 

produced yields differing from any other treatment. 

Application of quinclorac at 8 WAP resulted in ignificantly more clipping than 

from the control or any other herbicide except DCPA. At 10 WAP in 1991 no ignificant 

differences were present in clipping yield among any of the treatment . 

In 1992 treatment with metolachlor significantly reduced clipping yields when 

applied at 2, 4, 6, 8, and 10 WAP as compared to the control and all other herbicid s 

(Table 6). Use of metolachlor resulted in the greatest reduction of clipping yield of all 

treatments throughout the test. Turf treated with DCPA, isoxaben, oxadiazon (WP), 

oxadiazon (G), quinclorac and prodiamine at 2 WAP produced clipping yields similar to 

the control in 1992. Clipping yields were reduced significantly by metolachlor, dithiopyr 

at 0.6 and 1.1 kg ha- l
, and pendimethalin, which reduced clipping yield by 92%, 44%, 

73%, and 26% respectively as compared to the control. 

At 4 WAP the application of all treatments except dithiopyr at the high rate (1.1 

kg ha-
1
) and metolachlor resulted in no effect on clipping yields. Metolachlor and 

dithiopyr at the high rate (1.1 kg ha' l ) significantly reduced clipping yields by 83% and 

28% respectively, compared to the control when applied at 4 WAP in 1992. The only 

herbicide treatment to reduce clipping yield when applied to 6 WAP turf in the 1992 

experiment was metolachlor. Metolachlor application reduced clipping yield by 66% 

relative to the control. Turf treated with DCPA, isoxaben, dithiopyr 
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(at 0.6 and 1.1 kg ha- l
) oxadiazon (WP), pendim thalin, quinclorac and prodiamine 

produced similar amounts of clipping when u ed 6WAP. 

At 8 WAP no herbicide treatment affected clipping yield xcept metolachlor and 

the high rate of dithiopyr (1.1 kg ha-!). The metolachlor treatment and dithiopyr at 1.12 

kg ha-1 reduced clipping yield by 59% and 26~ Ie pecti ly compared to the control. No 

significant differences in clipping yield were cau ed by the lower rat of dithiopyr (0.6 

kg ha-\ isoxaben, nCPA, oxadiazon (WP and G formulation) pendimethalin 

quinclorac, and prodiamine at 8 WAP in 1992. 

Metolachlor was the only herbicide treatment to reduced clipping yield when 

used 10 WAP in 1992, and its application resulted in a 50% reduction in clipping 

relative to the control. 

The differences in yields from the control plots in 1991 ver u 1992 ugge t that 

growing conditions at 2 WAP were more favorable in 1991 than in 1992. Till difference 

may have allowed the 1991 experiment to be mor en itive to detecting d trim ntal 

effects of herbicide application. Thu , the 1991 work may have allowed for improv d 

detection of the negative effect of oxadiazon (WP) on clipping yield as compared to 

control plots when u ed 2 WAP. Re ults from oxadiazon te ting carre pond well with the 

fllldings of Fennanian et al. (1980) in that newly seeded bennudagra s exhibited 

heightened toxicity to oxadiazon (25% EC formulation) at 3.28 kg ha-1. Our work 

suggests that bennudagrass at 2 WAP is lightly more toLerant of oxadiazon as opposed 

to oxadiazon application to the soil surface immediately after planting bermudagrass seed 

(0 WAP). The lack of toxicity expression at 4, 6, 8 and 10 WAP is upported by research 

by Bingham et al. (1983) who found that a 3.4 kg ba-1 rate did not visibly affect shoot 
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growth of Midiron Tifwa or Tufcote bermudagra od wh n e aJuat d 28 DAT at the 

condu ion of the experiment 

The increa ed sen itivity of the experiment in 1991 may have al. 0 been 

responsible for detection of i oxaben effect on clipping yi ld when u d at 2 WAP. 

I oxaben showed no significant effect at 4 6 and 10 WAP in 1991 nor on any date in 

the 1992 experiment. 

The high rate of dithiopyr (1.1 kg ha-1
) ignificantly reduced clipping yield at 2 

WAP and resulted in no effect at 4, 6, 8 and 10 WAP in 1991. However in 1992, 

dithiopyr (1.1 kg ha- l
) howed significant clipping yield reduction at 2, 4 and WAP 

with no effect at 10 WAP. Thi variability of effect when comparing 1991 data to 1992 

data is not easily explained and may warrant further inve tigation. Re ults from this tudy 

with dithiopyr correspond to conclusions from Johnson (1994) in that the lower of the 

two rates exhibited a lesser degree of injury to treated bermudagra s. Variability with the 

use of dithiopyr was also encountered by Fry et aL (1997) in re earch with buffalogra s in 

that a 0.6 kg ha-) dithiopyr rate reduced yield at one location by 100% and had no 

significant yield reduction at another test location. No explanation for thi variability wa 

given by Fry et aJ. (1997). 

In both 1991 and 1992, pendimethalin exhibited the arne trend in that ignificant 

reductions in yield were exhibited at 2 WAP and those effect were not ob erved at 4, 6, 

8 and 10 WAP. 

Of the three new treatments added to the 1992 test, both dithiopyr (0.6 kg ha-1
) 

and oxadiazon (G) resulted in a significant reduction in dipping yield at 2 WAP which 
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wa not exprc sed at 4 through 0 en .oIled earlier mctola hlor ifi antly 

reduced clipping yield aL aU treatment dates. 

Results with D . PA were similar Lo tho e of ullert n t aI. (1970) . ho found that 

DCPA did not affect the amount of verdure colle ted fro Tifgreen plots treated with 

11.2 kg ha· 1 as compared to verdure yie d of control plots. 

Our result with prodiamine may allow inferences to be made about prodiamine 

safety on juvenile bermudagras~ when compar' g our clipping yield data t land density 

effects found by other researche . Demoeden et aL (1988) found rodiamine applied at 

0.84 kg ha'l to an unknown perennial ryegrass had no effect upon percent ,cover of treated 

plots. However, Hummel et al. (1990) found that stand density 0 ugget' Kentucky 

hlucgrass wa reduced by prodiamine when used at 0.3, 0.6,1.1, 2.2 and 4.5 kg ha· t
. 

The effect of quinetorac on clipping yields mayaHowa distinct difference to be 

inferred when comparing common bermudagrass sensitivity to that of other warm eason 

grasses. Dotray and McKenney (1996) found a 0.6 kg ha-1 raLe of quinclorac 

significantly reduced the amount of bioma produced in treated buffalogra plot as 

compared to non-treated controls. Thu ,our finding are contrary to those of Dotray and 

McKenney (1996). 

Yield reductions caused by metolachlor in our work are similar to re uHs obtained 

by Dotray and McKenney (1996) who found that a 4.5 kg ha- l rate significantly reduced 

biomass produced in treated plots when compared to untreated plots. 

Overall, as expected, our work found heightened sensitivity to preemergent 

herbicide treatments at 2 W AP, with treatment effects dissipating as bermudagra plants 

mature. 
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SHOOT DENSITY 

The analysis of variance preformed on shoot density data collected in 1992 

revealed that while the bermudagrass age effect was statistically significant the herbicide 

treatment effect was not (Table 7). It is important to again mention that hoot den itie 

were detennined 30 DAT. The statistical ranking of the mean shoot densitie by age 

group were: 2<4<8=10<6 WAP (Table 8). Juvenile gras at 2 WAP did not have the 

length of growing time compared to 4 and 6 WAP treatment to produce as many hoot 

or have enough tolerance to recovery by 30 DAT. Lower shoot count at 30 DAT for 8 

and 10 WAP treated turf compared to 6 WAP treated turf might be due to Ie s favorable 

recovery conditions in late summer/early fall at the test site. Shoot counts of turf treated 

at 6 WAP were 43% and 25% greater than that treated at 2 and 4 WAP, respectively, and 

9 and 12 % greater than that treated at 8 and 10 WAP, respectively. 

ROOT MASS 

An analysis of variance performed on root mass data collected from berrnudagra s 

at 30 DAT when treated at 2, 4, 6, 8 and 10 WAP indicated that herbicide treatments had 

no effect on root mass production and that a plant age effect was pre ent (Table 9). In 

1991, root mass yields collected 30 DAT reflected the ranking 2=8<4=6=10 WAP, while 

in 1992 the yields by WAP had the ranking 2=4<8~10=6 (Table 10). Explanation for the 

1991 pattern of root mass production may be due to the underdeveloped root growth of 

plants harvested at the 2 W AP treatment growth stage as compared to other harvest dates. 

The similarity of yields from the 2 WAP and 8 WAP treatments may be partially 

attributed to a reduction in root growth of the 8 WAP treated turf, in that the 8 WAP turf 
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Table 7. Analy i of varianc conducted on hoot aunt produced by 'Cheyenn 
bermudagrass in 1992. 

1992 field shoot count 

Source Df Mean Square 

Age (A) 4 102,634*** 

Block (B) [A] 10 3054 

Treatment (T) 10 2311 

T*A 40 4059 

Error 100 3261 

*, ** , *** Significant at the P 5 0.05,0.01, and 0.001 probability level re pectively. 

Table 8. Mean shoot density of 'Cheyenne' bermudagra s in 1992 when treated at 2, 4, 
6,8 and 10 WAP3 with shoots density determined 30 DAT". 

WAP Den ity 

hoot dm-2 

2 192.52d 

4 250.72c 

6 335.46a 

8 305.72b 

10 296.34b 
c

LSD (0.05) 27.89 

3 WAP, weeks after planting.
 
b DAT, days after treatment.
 
C Means followed by the same letter are not significantly different at the P 5 0.05 level
 

using the LSD test. 
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Table 9. Analysis of variance conducted on dry root rna produced by Ch yenne' 
bermudagrass in 1991 and 1992. 

1991 1992 

Source df Mean Squares Of Mean quare 

Age (A) 4 8.72*** 4 9.26*** 

Block (B) [A] 10 1.02 10 1.43 

Treatment (T) 7 1.27 10 1.79 

T*A 28 0,89 40 0.84 

Error 70 0.91 100 0.13 

* , **, *** Significant at the P $ 0.05, 0.01, and 0.001 probability level respectively. 

Table 10. Mean dry root mass produced by "Cheyenne" bermudagrass in 1991 and 1992 

when treated at 2, 4, 6, 8 and 10 WAPa with mass determined 30 OATb. 

Dry Root Mass. 

WAP 1991 1992 

-mg­ -mg­

2 127.19b 120.60c 

4 159.82a 119.35c 

6 164.91a 158.35a 

8 132.63b 140.75b 

10 167.72a 145.51ab 
c

LSD (0.05) 17.40 17.30 

a 
W AP, weeks after planting. 

b 
DAT, days after treatment. 

C Means followed by the same letter are not significantly different at the P $ 0.05 level 
using the LSD test. 
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may have had prolonged exposure to higher root zone temperature (temperature data not 

shown). Prolonged expo ure to high root zone temperature can reduce root growth 

(Beard, 1973). The higher root mass yields at 4 and 6 WAP in 1991 may have been due 

to more favorable growth condition from the time of planting to the time of root rna 

harvest for these age groups, and to some degree les expo ure of root to increased oil 

temperatures compared to conditions faced by roots harve t from 8 WAP treatments. 

While 4 and 6 W AP root mass yields in 1991 were imilar, they were 20% and 23% 

larger, respectively, than those collected from the 2 WAP treatment plots and 17% and 

20% larger, respectively, than root mass harvested from tbe 8 WAP treatments. While 4, 

6 and 10 W AP yields were similar, the 10 WAP yields were greater tban 8 WAP yield 

by 21 %. One may speculate that tbe cooler nighttime temperatures experienced by 10 

WAP treatments may have allowed the production and retention of more root at the end 

of the experiment. 

In 1992 root yields at 2 and 4 WAP were 24% and 26% Ie ,re pectively, than 6 

WAP treatment yields. These differences may be due to the reduced amount of growing 

time available for roots at these younger ages. The 6 WAP treatment root rna yield wa 

11 and 8% greater than that associated with the 8 and 10 WAP treatment, re pectively. 

Perhaps higher temperature exposure of the roots in 8WAP treatment plots may partially 

explain the reason behind this trend. 

There was a similarity between 1991 and 1992 root mass yield data, mainly that 

an increase in root production occurred from 2 through 6 WAP and that peak living root 

mass was present at 6 WAP in both years. Additional testing with more detailed attention 
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to the soil temperatures experienced by turf on different treatment date and throughout 

the growing period would be warranted. 

GREENHOUSE STUDIES 

PHYTOTOXICITY 

After initial field experimentation and as indicated in the material and method 

OCPA was utilized at four different rates in two greenhouse experiments to ob erve it 

effects on phytotoxicity, clipping yield, shoot rna , hoot production, hoot rna s 

(verdure) and dry root mass production of Cheyenne bermudagra s. As was the ca e in 

the field studies, OCPA rates used in the greenhouse experiments did not produce 

phytotoxic reactions on any of the plant material at any of the application rates. 

DRY CLIPPING YIELD 

The ANOVA preformed on combined data collected in 1993 from greenhouse 

Experiments I and II indicated there were significant treatment, age, experiment, and 

experiment X age effects (Table 11). The T-te t(0.05) revealed that mean clipping yields of 

bemlUdagrass were significantly lower when 5.9,8.9 and 11.8 kg ha-1 of OCPA were 

used as compared to the untreated control (Table 12). Mean bermudagrass clipping yields 

were reduced by 4.1, 6.9, 6.8, and 10.7%, respectively, when treated with OCPA at 2.9, 

5.9,8.9 and 11.8 kg ha-1
• 

While a significant experiment x age effect was present (Table 11) for clipping 

yields, the same general tatistically trend was evident for both experiments (Table 13). 

As expected, overall mean clipping yield increased ignificantly with increases in plant 

age in both experiments. Lower overall yields in Experiment I may have been due to 
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Table 11. Analysi of variance for combined dry clipping yield produced by Cheyenne 
bermudagrass in greenhouse Experiments 1 and II. 

Source df Mean Square 

Age (A) 2 10,459202*** 

Treatment (T) 4 66081* 

A*T 8 23298 

Exp (E) 1 12320,5 0* ** 

E*A 2 2541,7 1*** 

E*T 4 4,345 

E*T*A 8 14,463 

Error 120 20,430 

*, ** , *** Significant at the P ~ 0.05, 0.01, and 0.001 probability level re pectivel y. 

Table 12. Mean combined dry clipping yield produced by 'Cheyenne' bermudagrass in 
greenhouse Experiments I and II as affected by DCPA treatment . 

Rate Yield 

kg ha- l gm 

11.8 1061.1* 
8.9 1107.3* 

5.9 1106.2* 

2.9 1138.9 

Control 1188.1 
a

T (0.05) 73.1 

a Treatment means followed by an asterisk are significantly different from that of the 
control at the P ~ 0.05 level using the T-test. 
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Table 13. 'bermudagra ill 

Exp I Exp II 

WAP _____---egm. _ 

2 93.4 c 1170.1 c 

4 1087.6 b 1294.2 b 

6 1320.1 a 1756.4 a 

LSO
b 

(0.05) 46.8 104.3 

a WAP, weeks after planting. 
b Means followed by the same letter are not significantly different at the P 

.::; 0.05 level using the LSD test. 
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cooler temperature lower light intensitie and horter natural day length than in 

Experiment II (environmental data not pre ented) a Experiment II tarted approximately 

two weeks later than Experiment I. 

FlNAL SHOOT MASS 

An analysis of variance preformed on combined Experiment I and Experiment [[ 

final harvest shoot mass (verdure) indicated that all main and interactive effect were 

significant except the main treatment effect (Table 14.) 

In Experiment I, bermudagrass treated at 2 WAP with all rate of DCPA had 

mean verdure yields significantly less than that from the nontreated controls (Table 15). 

Treatment at the 5.9 kg ha·1 rate reduced verdure the most, with a yield reduction of 

80.6%. In Experiment n, DCPA treatment at 2 WAP had n0 statistical effect on verdure 

yields although verdure yields from turf receiving all herbicide treatments were 

numerically greater than those of the control with the exception of those receiving the 2.9 

kg ha· 1 treatment. 

DCPA treatment of Cheyenne at 4 WAP resulted in no differences in verdure 

yields other than at the 5.9 kg ha'i rate in Experiment I and at the 2.9 kg ha'l rate in 

Experiment II, both of which were significantly greater than that of the controls. Yields 

from the remaining treatments applied 4 WAP were numerically larger than those from 

the controls in both experiments except at the 11.8 kg ha'i rate in Experiment I which 

resulted in a numerically lower yield. Typically, data suggests yields should be close to or 

slightly greater than controls. 
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Table 14. Analy is of variance for final harvest shoot rna of 'Cheyenne'bermudagra 
in greenholl e Experiments I and IT. 

Source df Shoot Ma 
Mean Square 

Age (A) 2 2,933,482 *** 
Treatment (T) 4 48180 

T*A 8 267,095 *** 

Exp (E) 1 28,692128 *** 

A*E 2 1,632,874 *** 

T*E 4 326890*** 

T*A*E 8 193,020 *** 

Error 120 34,164 

*, **, *** Significant at the P ~ 0.05,0.01, and 0.001 probability levels respectively. 
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At 6 WAP, most DCPA treatments re ulted ,in non- tati cally but numerically 

larger verdure yields. Exceptions were the 2.9 kg ha- I treatm nt in Experiment [ which 

produced numerically lower yields and the arne treatment in Experiment II which 

produced a significantly larger yield (13.6%) than that of the control. The Experiment I 

2 WAP results (Table 15) may have resulted from an increased sensitivity of eeded 

berrnudagrass plants to herbicidal effect due to Ie ser growing condition in Experiment I 

2WAP where control yield was less than Experiment II 2WAP control yield sugge ting 

more optimal conditions were present during Experiment II. The causes of 

inconsistencies between yields when comparing Experiment I and II at 4 and 6 WAP are 

not clear. These small but at times significant increases in plant rna yield of treated pots 

versus controls may be from the diversion of energy from root production to shoot 

production. 

SHOOT DENSITY 

An analysis of variance preformed on combined Experiment I and Experiment II 

final harvest shoot density indicated that all main and interactive effect were tati tically 

significant (Table 16.) 

In 23 of 24 comparisons made over 2 experiments, 3 treatment dates and 5 

herbicide rates, shoot density from DCPA treated pots was numerically les than that 

found in the control pot. . As plants aged, they usually had increased herbicide tolerance, 

though not always so. In Experiment I and II at 2 WAP all DCPA application rates 

significantly reduced shoot density relative to the control except for the highe t rate in 

Experiment II (Table 17). At 4 WAP, only the 11.8 kg ha- 1 rate in Experiment I and the 

2.9 kg ha'l rate in Experiment II significantly reduced shoot density. Results at 6 WAP 
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Table 16. Analysi of variance for combined shoot density produced by 'Cheyenn 
bermudagrass in greenhou e Experiments I and II. 

Mean Square 
Source elf 

Age (A) 2 549,685 *** 

Treatment T) 4 88,514 *** 

T*A 8 21,177 *** 

Exp (E) 1 1,009,420 *** 

A*E 2 41,528 *** 

T*E 4 13,237 *** 

T*A*E 8 6600 * 

Error 120 2,756 
*, ** , *** Significant at the P ~ 0.05, 0.01, and 0.001 probability levels respectively. 

Table 17. Mean shoot density produced by 'Cheyenne'bennudagrass when treated with 
DCPA at 2, 4, and 6 WAPa in greenhouse Experiments I and n. Den ity 
detennined at 30 DAr. 

Experiments 

I U 

__Age (WAP)__ Age (WAP) 

DCPA 
Rate 

2 4 6 -, 
~ 4 6 

kg ha- l Shoots per pot 

11.8 125* 301* 376* 476 480 518 

8.8 93* 313 326* 320* 447 527 

5.9 109* 372 458 298* 465 541 

2.9 108* 338 342* 298* 415* 542 

Control 329 360 529 522 499 592 

-rc(O.05) 40 49 103 64 62 80 

a WAP, weeks after planting. 
b DAT, days after treatment. 
C Treatment means followed by an asterisk are significantly different from that of the 

control at the P ~ 0.05 level using the T-Lest. 
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were extremely variable between the two experiment . In Experiment r all DCPA rate 

significantly reduced shoot density except for the 5.9 kg ha'l rate. In Exp riment IT when 

applied at 6 WAP, no treatment re ulted in a significant reduction although all DCPA 

rates resulted in a numeric reduction in shoot density. 

DRY ROOT YIELD 

All main effects and their interactions were found statistically significant with 

respect to dry root matter production with exception of the treatment x plant age 

interaction (Table 18). In 22 of 24 comparisons made over 2 experiments, 3 treatment 

dates and 5 herbicide rates, root mass from DCPA treated pots was numerically less than 

that harvested from the control pots. As plants aged, they occasionally had increased 

herbicide tolerance evidenced by numerically lower percent~ge reduction in dry root 

matter production, though not predictably so 

In both experiments, when treated at 2 W AP, dry root mas for all treatments was 

significantly less than from controls (Table 19) except for gras treated with the 8.8 kg 

ha'i DCPA rate in Experiment II. No tatistically clear trends were pre ent between the 

two experiments concerning effects on 4 and 6 WAP treated turf. While DCPA did nol 

significantly reduce root maHer yields at any rate when used 4 W AP in Experiment I, in 

Experiment n when used 4 W AP all but the 8.9 kg ha'l treatment rate reduced root yields. 

When treated at 6 WAP, significant reduction in root dry matter production were 

found at DCPA rates of 8.9 and 11.8 kg ha'i in Experiment I and at all rates in 

Experiment II. No clear conclusions regarding root mass production can be drawn based 

on statistically sound trends although numerical reduction in root mater production was 
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Table 18. Analysis of variance for combined dry root yield produced by 'Cheyenne 
bermudagra s in greenhouse Experiments I and II. 

Source df Mean Squares 

Age (A) 2 3299,374*** 

Treatment (T) 4 166047*** 

T*A 8 13,603 

Exp (E) 1 7,087,371 *** 

A*E 2 107,329*** 

T*E 4 41,227** 

T*A*E 8 25,005* 

Error 120 9,637 
*, ** , *** Significant at the P ~ 0.05, 0.01, and 0.001 probability levels respectively. 

Table 19. Mean dry root mass produced by 'Cheyenne' berrnudagrass in greenhouse 
Experiment I and II when treated at 2, 4, and 6WAPu with datacoHected 30 
DATb

. 

Experiments 

I II 

Age (WAP) Age (WAP) 

DCPA 2 4 6 2 4 
Rates 

kg ha- 1 mg 

11.8 lO9* 405 446* 428* 944* 932* 

8.9 99* 509 459* 467 965* 856* 

5.9 91* 466 492 458* 938* 952* 

2.9 106* 661 503 434* 977* 881* 

Control 275 502 586 555 1282 1162 

r (0.05) 36 163 101 93 190 133 

a W AP. weeks after planting. 
b DAT, days after treatment. 
C Treatment means followed by an asterisk are significantly different from that of the 

control at the P ~ 0.05 level using the T-test. 
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cornman place independent of DCPA use rate or plant age. bermudagra is a C4 plant 

perhaps reduced daylengths and cool greenhou e temp rature reduced normal 

development making greenhou e grown plant in the e experiments more u ceptible to 

injury than their field grown counterparts which likely experienced more favorable 

growing conditions. 

REGISTRATION AND COST CONSIDERATIONS 

All products tested in this study remained EPA registered for use on turfgra s as 

of March 2003, although some products have had label u e rates reduced ince our 

research began in 1991. Besides the need for a product to be labeled for u e on a crop, the 

product's weed control efficacy being adequate and crop safety being present, the 

financial cost of use of an herbicide product is very important. Applicator suggested retail 

costs were obtained from Estes Inc., Oklahoma City, OK on 25 March 2003. The 

financial costs for the single application use rate tested in this tudy included $705.79 

ha- 1 for DCPA (11.8 kg ha-1
), $537.44 ha'l for oxadiazon (3.4 kg ha'l), $162.86 ha'i for 

prodiamine (0.8 kg ha· l ) and $122.76 ha'l for pendimethalin (3.4 kg ha'l). Speculatively 

speaking, such a high cost per ha for u e of DCPA might cause a change in turf manager 

decision making behavior. Some end users may increase their tolerance (decrease quality 

expectations) for weeds in newly seeded turf and cause them to change weed control 

strategies from a preemergent approach to a postemergence approach treating the more 

herbicide tolerant mature bermudagrass. Another possible change might include a 

negative preference for seed established bermudagrass and use of a suitable vegetatively 

propagated variety. Oxadiazon G provides good weed control and acceptable safety to 
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recently sprigged bennudagras and once png are rooted they have reasonable 

tolerance to certain po temergent herbi.cides. Additional re earch on u e of lower 

application rates of the Ie s expensive herbicide i justified a not only would crop afety 

likely increase, but so would the cost of product u e per acre. 

SUMMARY AND CONCLUSIONS 

Eight preemergent herbicides were evaluated under field condition for their 

effect on bermudagrass growth and development during 1991 and 1992. Several plant 

performance parameters were used as indices of herbicide tolerance/ usceptibility. These 

parameters included visual phytotoxicity rating, clipping yield, shoot density, hoot mass 

(verdure), and root mass density. All herbicides provided such extensive injury when 

used at the time of seeding field plots that data from the a weeks after planting (WAP) 

treatments could not be utilized in analyses. Under field conditions, sprayable oxadiazon 

WP (3.4 kg ha"), metolachlor (4.5 kg ha'l) and quinclorac (1.1 kg ha'l) were phytotoxic 

to all ages (2 to 10 WAP) of common bermudagra s. This u ceptibility may exclude 

them from consideration for use on seedling bermudagra s at the e high rate . No other 

treatments produced a significant visual phytotoxic effect under fiel.d condition. DCPA 

(11.8 kg ha''), quinclorac, prodiamine (0.8 kg ha'l) and oxadiazon G (3.4 kg ha'J) did not 

reduce clipping yields. While isoxaben (1.5 kg ha'l) and oxadiazon WP reduced clipping 

yields when applied 2 WAP in 1991; pendimethalin (3.4 kg ha,I) and the low rate of 

dithiopyr (0.6 kg ha'l) reduced dipping yields when applied 2WAP in 1992. The high 

rate of dithiopyr (1.1 kg ha'l) reduced clipping yields at 2WAP in 1991 and at all dates in 

1992. Metolachlor reduced clipping yields of all age groups of bermudagrass and hould 
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not be used on eeded berrnudagras younger than and including 10 WAY. Herbicide 

treatments did not affect hoot density or dry root rna s production in the field .. U ing the 

sum total of performance parameters monitored, OCPA wa the herbicide to which 

bermudagrass appeared to be most tolerant. The cost of DCPA at U.8 kg ha- l in March of 

2003 was $705.79 ha- I
. Under condition favorable for rapid growth, Cheyenne 

bermudagrass appears to be tolerant to OCPA at 11.8 kg ha-J at just 2 WAY. 

OCPA, the herbicide to which seedling bermudagrass appeared to be rna t 

tolerant in the field, was evaluated on Cheyenne seedling berrnudagra s under greenhouse 

conditions at 0.25, 0.5, 0.75 and Ix the label use rate of 11.8 kg ha·1
• The DCPA rate 

used in the greenhouse experiments did not produce phytotoxic reactions on any of the 

plant material at any of the application rates. Mean dipping yield of bermudagrass were 

significantly lower when 5.9,8.9 and 11.8 kg ha- 1 of DCPAwere used as compared to the 

untreated control. As expected, overall mean clipping yields increased significantly with 

increases in plant age in both experiments. With the exception of Experiment I at 2 WAP 

the general trend was a numerical increase in dry verdure production of treated pots 

versus untreated controls. The small but at times significantly greater verdure yield of 

treated pots versus controls may be due to inhibition of root growth by the herbicide and 

subsequent diversion of energy and internal materials necessary for growth from the root 

system to the shoot system. Shoot density was affected by the age of the plant and a 

plants aged, they usually had increased herbicide tolerance and shoot density, though not 

always so. As plants aged, they occasionally had increased herbicide tolerance as 

evidenced by numerically lower percentage reduction in dry root matter production, 

though not predictably so. From these greenhouse ob ervations, seeded bermudagrass at 
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4 and 6 WAP would be more tolerant of the 11.8 kg ha- J rate tban would eeded 

bennudagrass at 2 WAP. The lowe t rate would have the least injuriou effect overall 

but further research is needed to determine if 1/4x, 1/2x or 3/4x rate would be effective 

in actual control of various annual weeds such a crabgra s. 
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