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Abstract

Proxy is a newly-labeled plant growth regulator (PGR) for use on golf course and commercial turfgrass areas. Four rates |of Prox
(ethephon), 2.3, 3.6, 4.6, and 9.1 kg ai/ha (2.0, 3.2, 4.1, and 8.2 Ib ai/A,) were compared to Primo (trinexapac-ekigyd)i/al(0.9
Ib ai/A) and an untreated control for clipping reduction and effects on aesthetics of creeping bentgrass maintained tasffairway
Treatments were applied three times at 28-day intervals during 1998 at locations in Indiana and Wisconsin. Proxy wa® as effecti
reducing clipping yields as Primo, although the magnitude of effects varied between the two locations. In general, Prosey was mo
likely to reduce turf quality and color than Primo. All rates of Proxy reduced clipping weights similarly, but low ratesswékely
to reduce color or quality ratings. Turf density was not affected by Proxy or Primo. Effects of Proxy on creeping bentgreds occ
within two weeks after application and generally dissipated within four weeks, whereas Primo effects occurred within dter week a
application and generally dissipated within three weeks. Turf quality was occasionally reduced following application of Proxy.

Index words: clipping reduction, ethephon, mowing, plant growth regulator, Primo, trinexapac-ethyl.

Growth regulators used in this study: Primo (trinexapac-ethyl) [4-(cyclopropyl-a-hydroxy-methylene)-3,5-dioxo-cyclohexane-
carboxylic acid ethyl ester], Proxy (ethephon) [2-(chloroethyl)phosphonic acid].

Significance to the Nursery Industry ducing growth. The newer growth regulators are being used

Proxy is at least as effective as Primo for clipping yield © reduce?oa annugpopulations and seedhead formation in
reduction on creeping bentgrass maintained at fairway height. C'€€Ping bentgrass (1, 5), increase putting green speed (14),

Proxy applied at 4.6 to 9.1 kg ai/ha (4.1 to 8.2 Ib ai/A) were and to improve turf color and quality (2, 4).

no more effective than 2.3 to 3.6 kg ai/ha (2.0 to 3.2 Ib ai/A) Prior to 1998 the most recently releas_ed growth regulator
in reducing clipping yields. Higher rates tended to reduce for turf was Primo (trinexapac-ethyl). Primo was developed

turf color and quality by turning the turf lighter green com- 2Y Novartis, labeleled for use in the early 1990s and is now
pared to untreated turf or turf treated with Primo. Proxy can Widely used in many sectors of the turfgrass industry. Primo
be safely applied twice at 28-day intervals during the spring '€duces clipping yields by inhibiting GA biosynthesis (7)

d ear but a third lication in mid- without reducing tillering (9). In 1998, Rhéne Poulenc in-
;ienduiz;rt)l/”sfu;ar;ﬁ; tt a third apprication in mid-summer may troduced the growth regulator Chipco Proxy (ethephon) for

use on turfgrasses. Proxy has been commonly used as Florel
or Ethrel in other horticultural industries and is labeled for
. use on golf course fairways and commercial lawns. Proxy
Turfgrass growth regulators have been studied for almost 4¢ts py stimulating ethylene production which reduces growth
50 years for their potential to reduce mowing inputs. The by indirectly affecting growth hormones (10). On golf
effectiveness of growth regulators for reducing growth and coyrses, multiple applications of growth regulators are used
mowing requirements in turf is well-documented (12) with  most commonly on fairways to minimize clippings through-
new types of PGRs periodically being developed that have gyt the year. Since creeping bentgrass is the most common
fewer detrimental effects on turf aesthetics. Negative effects species now used on golf course fairways in the northern
of earlier growth regulators, which reduced growth by in- paif of the United States, it is important to evaluate Proxy for
hibiting cell division, included unacceptable leaf discolora- |;se on creeping bentgrass maintained as fairway turf. The
tion (8) and inconsistent growth effects across a mixed stand gpjective of this study was to determine the effect of repeated
of different species and cultivars (13). The growth regula- gppjications of Proxy on growth, visual quality, color, and

tors labeled for turf over the last 10 to 15 years reduce yields density of creeping bentgrass maintained at fairway height.
by inhibiting gibberellic acid (GA) production, thereby lim-

iting leaf elongation without stopping cell division, typically  paterials and Methods
with little or no reduction in turf quality. With the improved
growth regulators, researchers and practitioners are identi-
fying possible uses of growth regulators beyond simply re-

Introduction

The experiments were conducted at the O.J. Noer Turfgrass
Facility in Verona, WI, and at the W.H. Daniel Turfgrass
Research and Diagnostic Center in West Lafayette, IN, dur-
ing the 1998 growing season. Experimental conditions in
Wisconsin included a four-year old ‘Penncross’ creeping
bentgrass grown on a Miami silt loam soil with pH of 7.1, 94

'Received for publication October 14, 1999; in revised form December 2, A
1999. Contribution from the Purdue Univ. Agric. Exp. Stn. J. Paper No. kg P/ha (84 IbS/A)' and 280 kg K/ha (250 IbS/A)’ and Irmga-

16130. tion supplied at 70% of the evaporation rate three times per
?Assistant Professor, Department of Horticulture, University of Wisconsin-  Week, and a mowing height of 1.3 cm (0.5 in). Experimental
Madison, Madison, W1 53706 conditions in Indiana included one-year-old ‘Penneagle’
3Assistant Professor, Department of Agronomy creeping bentgrass grown on a Starks-Fincastle silt loam with
“Professional Assistant, Department of Agronomy pH of 7.3, 177 kg P/ha (158 Ibs/A), and 488 kg K/ha (436
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Ibs/A), irrigation as needed to prevent stress, and a mowing within two weeks following application. Both growth regu-
height of 1.6 cm (0.63 in). Both areas were mowed three lators effectively reduced clipping yields after the third ap-
times per week prior to application of treatments and then plication with Proxy effects lasting up to 4 weeks and Primo
two times per week thereafter, immediately after clipping effects lasting 3 weeks.
harvest. Fertilizer was applied to both sites at 48 kg N/ha (44  In Wisconsin, Proxy increased clipping yields only dur-
Ibs/A) one week prior to application of treatments as part of ing the first week following treatment, perhaps due to inter-
the annual fertilization program using a slow-release nitro- node elongation. Within three weeks of initial treatment,
gen source (sulfur coated urea in Indiana and isobutylediureaProxy reduced yields approximately 40-50% for seven of
in Wisconsin). Plot size in Wisconsinwas 1.2 x 1.8 m (4 x 6 the 14 weeks of the study, independent of the application
ft) while plot size in Indiana was plot was 1.5 x 3.0 m (5 x 10 rate. Growth reduction effects generally occurred within one
ft). The experimental design at both locations was a random- to two weeks following application with Primo and two to
ized complete block with three replications. Treatments in- three weeks with Proxy. PGR effects diminished within four
cluded three applications each of Chipco Proxy 2E and Primo to five weeks regardless of the location.
1E applied at approximately 28-day intervals. Rates were Differences in treatment effects between the two sites were
the same at both locations except for the lowest rate of Proxy.not surprising based on previously published data which in-
The low rate of Proxy used in Wisconsin was 2.3 kg ai/ha dicated variable effects of PGR treatments (12). Although
(2.0 1b ai/A) while the low rate used in Indiana was 3.6 kg ai/ the turf at the two sites differed in age, with the Indiana loca-
ha (3.2 Ib ai/A). Medium and high rates of Proxy were 4.6 tion being less than one year old and the Wisconsin location
kg ai/ha (4.1 Ib ai/A) and 9.1 kg ai/ha (8.2 Ib ai/A). Primo being four years old, turf stands in both locations were ma-
was applied at the label rate of 1.0 kg ai/ha (0.9 Ib ai/A). An ture. The inconsistent effects of treatments in Indiana could
untreated control was included for comparison. Applications be due to the age of the turf and its aggressive growth. This
were made using C&powered backpack sprayers equipped turf area was established in September 1998 and was fertil-
with flat fan nozzles using 1635 gal water/ha (175 gal/A) on ized to promote rapid establishment with a total of 144 kg N/
May 5, June 3, and July 6 in Wisconsin and May 21, June 18, ha (132 Ibs/A) during fall of 1998. The growth regulating
and July 16 in Indiana. effects of the treatments became more consistent later in the

Clippings were harvested twice per week with one pass of summer when the residual N from the previous fall was ap-
a 31 cm (12 in) (Indiana) or a 51 cm (20 in) (Wisconsin) parently depleted. Additionally, inherent differences between
wide reel-type greens mower. The clippings were oven-dried the cultivars used in the study could have caused the dis-
at 37C (100F) for at least 48 hours prior to weighing. Imme- crepancy in results between the two sites. There are no re-
diately after clipping harvest, the entire plot area was mowed ports of bentgrass cultivar differences in sensitivity to Primo
with a triplex mower and the area was allowed to regrow for or Proxy, though differences in Kentucky bluegrass cultivar
either 3 or 4 days prior to the next harvest. sensitivity have been noted with other PGRs (11).

Visual quality of plots was rated on a scale of 1 to 9 where
1 = dead turf, 5 = acceptable as a fairway, and 9 = excellent.  Turf quality.In Indiana, Proxy temporarily decreased turf
Color was also rated visually on a scale of 1 to 9 where 1 = quality following each application while Primo decreased
dead turf, 5 = acceptable green for fairways, and 9 = dark turf quality only after the initial application (Fig. 2). Neither
green. Density was estimated on a scale of 1 to 9 where 1 =PGR significantly enhanced turf quality compared to the
dead turf, 5 = acceptable as a fairway, and 9 = excellent. All untreated control, but Primo improved turf quality regularly
visual data were recorded twice per week until 6 weeks after compared to Proxy. In Wisconsin, turf quality was not af-
the last application. Visual ratings and clipping weights were fected by PGR application until after the third application.
averaged within each week of the study and weekly means Following the third application, Primo enhanced turf quality
are presented. All data were analyzed with MSTAT (6) to for the subsequent five-week period. Proxy occasionally re-
detect differences among treatment effects. All data are pre-duced turf quality following the third application, particu-
sented as a percentage of the control. larly at the high rate of 9.1 kg ai/ha (8.2 |b ai/A).

Results and Discussion Turf color.Proxy usually decreased turf color within seven
Yield effectsPGR responses varied depending on the lo- days of application, particularly at 9.1 kg ai/ha (8.2 Ib ai/A)
cation, but turf responses to Proxy within each site were simi- (Fig. 3). These effects persisted longer than Proxy’s effects

lar regardless of rate (Fig.1). In Indiana, Proxy reduced clip- on either turf yield or quality. In Indiana, Proxy consistently
ping yields within 2 weeks of initial application only to in- reduced color compared to the control and Primo. This was
crease clipping yields 4 weeks after initial application. Al- because of earlier mentioned mower scalping where the
though there were some differences in the magnitude of re- mower removed much of the leaf, leaving behind the lighter-
sponse due to application rate, all responses followed the green-to-yellow stem. In Wisconsin, the reduction in color
same trend regardless of rate. Presumably, the increase irdue to Proxy was less consistent and dramatic than in Indi-
clipping yield was due to mower scalping where Proxy in- ana, but the same trends occurred. Primo enhanced turf color
duced bentgrass internode elongation while reducing leaf throughout the study, beginning within three weeks after treat-
length (3). During harvest, the mower removed much of the ment in Indiana and four weeks after treatment in Wiscon-
leaf and some of the relatively heavier stem material. Addi- Sin.

tionally, the Proxy-treated bentgrass appeared puffy and not

as low-growing as the untreated and Primo-treated bentgrass, Turf density.Turf density was not significantly affected
adding to the mower scalping. The second application of by PGR applications in either location (data not shown). Itis
Proxy did not affect clipping yields in Indiana, whereas the unknown if multiple applications repeated over two or more
second application of Primo did reduce clipping weights years will affect turf density. The lack of effect on turf den-
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Fig. 1.  Effect of Proxy and Primo on clipping weights of fairway height creeping bentgrass grown in Verona, WI, and West LafayetIN. Vertical
bars represent LSD (0.05) and arrows represent treatment applications.
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Fig. 2.  Effect of Proxy and Primo on visual quality of fairway height creeping bentgrass grown in Verona, WI, and West Lafayetté\. Vertical bars
represent LSD (0.05) and arrows represent treatment applications.
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Fig. 3.  Effect of Proxy and Primo on color of fairway height creeping bentgrass grown in Verona, WI, and West Lafayette, IN. \iral bars represent
LSD (0.05) and arrows represent treatment applications.
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sity indicates Proxy is not dramatically toxic to creeping 5. Johnson, B.J. and T.R. Murphy. 1995. Effect of paclobutrazol and

bentgrass maintained at fairway height. Instead, the occa- qurpr|m_|d0I oln s_;lppressmn of Pos anan]la spp. reptans in creeping bentgrass

sional reduction in turf quality was limited to cosmetic, and (9r0stS stolonifergreens. Weed Tech. 9:182-186.

not physical damage. 6. MSTAT-C, Michigan State University. 1988. User’s guide to MSTAT-
Proxy appears to be viable for clipping reduction on creep- C. ' _

ing bentgrass fairways maintained at fairway height when g SETRCRL T o RS, o evandione derivatives:

applied at four;week intervals at rates of 2.3 to 3.6 kg ai/ha inhibitors of late steps of GA biosynthesis. Plant Physiol. 93(suppl.):4.

(2.01t03.21b ai/A). However, results may vary depending on 8. Spokas, L.A. and R.J. Cooper. 1991. Plant growth regulator effects

age _Of S_tand or cultivar, and hlgher r_ates and more than two on foliar discol(’)ration, pigment content, and photosynthetic rate of Kentucky

applications per year should be avoided because of the po-pjuegrass. Crop Science 31:1668-1674.

tential for reducmg visual qua“ty and color of creeping 9. Stier, J.C. 1997. The effects of plant growth regulators on Kentucky

bentgrass. bluegrassRoa pratensid_.) and supina bluegrasp.(supinaSchrad.) in
reduced light conditions. Ph.D. diss. Mich. State Univ., East Lansing.

10. Taiz, L. and E. Zeiger. 1991. Plant Physiology. Benjamin/Cummings
Co., Inc., New York.
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