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I. INTRODUCTION

A goal of turfgrass management is to
produce a dense sward with reduced shoot
growth(Kaofmann, 1990 Watschke ef al.. 1992),
Mowing achieves this outcomme, but at some cosl.
Mowing involves ihe periodic removal of
wurfgrass shoots, which are detrimental to turf
from a botanical pgint. However, it is the most
basic practice of turfgrass cullures, and thus must
be performed 1o maintain fop growth and suslain
ornamental turfs.

Golf course twf was onginally mowed by
grazing sheep and other domesticated animals,
That changed with the inventien of the
mechanical mower by Edwin Budding in
1830(Beard, 1973). Over the ensuing decades,
mechanical mowing has become a fundamental
practice in maintaining a quality turf. Unlike
other cultural practices, mowing is largely a
reactive practice. Sometimes climale and terrain
can prevent a turfl manager fram properly
reacting to turl growth. But today's PGRs allow
turf managers to proactively manage twrf growth.
Combined with a sound mowing, they can be a
valuable tool for turfgrass management even
during the difficult-lo-mow times, such as a rainy
season. as well as in dangerous-ta-mow areas,
such as rocky or rough terrain(Kim, 1998; Kim
and Nam, 1996),

1. PGR Uses far Turfgrass Management

FGEs were introduced in the late 1940s for
application 1o utility turfs to reduce their mowing
requirements by inhibiting vertical shoot growth.
PGRs are erganic compounds that regulate
growth and development when applied in small
amounis(DiPaola, 1988}. These chemicals
modify plant growth by retarding the growth, by
improving flowering or by controlling plant
shape(BAA, 1994), PGRs have been slowly
integrated into turfgrass management strategies.
Turf managers have often used PGRs. without
realizing it Some herbicides and fungicides
affect turf through hormaonal
activity(Danneberger and Street, 1990). The

chemicals 2.4-D and 2,4-D.P are auxin-type

growth

herbicides, stimulaling excessive growth of
broadleaf weeds at growing points. A non-
selective herbicide, glyphosate('Roundup’) also
has a function of growth-regulating elfects on
bahiagrass(Paspalum notatum Flugge). Certain
fungicides like benomyli('Tersan 1991%,
triadimefon{'Bayleton"), fenarimol('Rubigan') and
praopiconazole('Banner') are systemic, being
absorbed and translocated, and work as a PGR.
Maleic hydrazide has been used extensively
in low-mainienance areas such as highway and
airport runway turf for vegetation control. but its
negative effects limil use on higher quality turf.
Most PGRs are not routinely used on highly



20004 8 ) AEAAZTAHAE o)Lt

vis 59 szedd 3 a7

%)

visible, high-maintenance turf areas becavuse of
serious side effects, including turf quality loss,
foliar discoloration, and stand thinning.
However, the new generation of PGRs such as
trinexapac-cthyl{'Primo"), flurprimidol{'Cutless’),
amidochlor{'Limil") and paclobutrazol{'Scotts
TGR" have been tested or used on medium- to
high-maintenance turfs. These products tend o
be less phytotoxic than their predecessors, but the
elfectiveness may vary because of differing
application rates, (requencies, and timing, as well
as variety of grass species and cultivar
responses{Danneberger and Street, 1990;
Fermanian, 1997; Kim and Kim, 1999, Watschke
et al., 1992). Therelore, investigation with newer
PGRs is needed before extensive use.

?. Necessity of Alternative Mowing
Practice in Korea

Chemical mowing with PGRs has a great
polential in Korea because of their environmental
compatlibility and minimal input for sustainable
turfgrass management. The very tough, stiff
stems and leaves of Korean lawngrass(Zeysia
Jjaponica Steud.) create difficulties for normal
mowing practice. Also, clipping management can
take as long as mowing. and still Jeave turf
managers with a disposal problem. In a rainy
season. mechanical mowing is one of the hardest
tasks of turfgrass management. Mower operation
should be restricted 1o limited use during periods
of high soil moisture content to minimize turf
injury. especially on the fine-textured soils.
Moreover, mosi of the new golf courses are built
on rocky or rough terrain in mountainous areas.
This means that tuwf managers will face an even
tougher mowing challenge than before, even
during the non-rainy seasons. Reasons to

consider PGRs for turfgrass management

strategies continue to grow with increasing cost
of both hand and mechanical labor for vegetation
control, and rising concern aboul
environmentally compatible management, such
as reducing landscape debris of clippings in
land[ilis. Therefore, chemical mowing is
expected to be a feasible alternative that may
imprave turf quality, reduce labor costs and grass
clippings. and relieve soil compaction in
difficuli-to-mow circumstances.

The primary benefit will be to reduce
mowing frequency in difficult or dangerous areas
and amount of grass clippings through
suppression of vertical shoot growth. It was
reported that mowing requirements decreased by
50% with PGRs(Fermanian, 1997; Watschke and
DiPaola, (993). Kim and Kim{1999) concluded
mowing frequency reduction by 30 to 60%,.
Decreased growth, however, is also related 10 torf
quality loss and discoloration. Generally, the
higher the application rates. the greater the
suppression intensity of vertical growth and trf
quality(Kim, 1998; Kim and Kim, 1996).
Accordingly, the selection of PGRs and
application rate should be determined to optimize
turf quality and performance as well a5 lo
maximize vertical shool growth suppression.

PGR effects on turfgrasses have been
1993,
Breuninger and Watschke, 1989; Cooper ¢! al..
1987 and 1988; Dermoeden. 1984; Dudeck and
Peacock, 1985; Fermanian, 1997; Gaul and
Christians, 1988: Gaussoin and Branham, 1987
and 1989, Higgins er al., 1987; Johnson and
Carrow, 1989, 1991, 1993 and 1994; Kageyama
ef al., 1989: Kim 1998: Kim and Kim, 1996 and
1999: Kim et af., 1997; Kim and Nam, 1996;
King e al., 1997, Koski, 19%7: Lowe et al..
1999; Pennypacker et al., [981; Qian and
Engelke, 1998). However. thers is not much

reported extensively(Breuninger,
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information on the responses of zoysiagrass to
PGRs. Field studies with the new generation of
PGRs are even more limited under domestic
climate conditions, except for a few(Kim. 1998;
Kim and Kim, 1999: Kim et ai.. 1997). This
study was jnitiated 1o evaluate the influence of
chemical mowing with newer PGRs on the turf
quality and color of zoysiagrass and to determine
a desirable PGR and its optimum application rate
in terms of turf perlormance.

II. MATERIALS AND METHODS

Zoysiagrass color and quality were evaluated
in field experiments treated with PGRs at the
Turfgrass Research Facility, Samsung Everland
Inc. in Gunpo, Kyounggi-Do. Experiments [ and
IT were done at different sites and times in 1995.
The experiments were comducted on zoysiagrass
turf from June to September in 1995, The turf
was established by sodding.

Chemical mowing Lreatments [or Experiment
I were made on June 22 at the early stage of
vigorous growth of zoysiagrass. In Experiment
II, we applied PGRs on July 18 at the middle
stage of vigorous growth to double-check the
results of Experiment I. PGRs in the study were
amidochlor{'Limit', Monsanto Company, St.
Louis, MO, USA), mefluidide{'Embark'. PBI
Gordon Corporation, Kansas City. KS, USA),
and trinexapac-ethyl('Primo'. Novaitis,
Greensboro, NC, USA). The experiments were
comprised of || treatments: an untreated
control{no growlh regulator application), four
rates of trinexapac-ethyl. 0.02('Primo’ LL),
0.04('Primo' L), 0.08('Primo’ M) and 0.16 mi/nr
{('Primo' H), \hree rates of amidochlor.
0.30('Limit' L), 0.60('Limit' M) and 1.20 mt/m’
{'Limit" H}. and three rates of mefluidide,
0.60{'Embark’ L), 1 20('Embark' M) and 2.40 m!/

m'{'Embark' H). The plols were treated within
two days of mowing and PGRs applied by hand
sprayers capable of accurate and unilorm
delivery. The sealed mix tank was vigorously
shaken pirior to application. The amount of
delivery was basad on [00 mf/m’ for all
treatments. The treatments were replicated four
times in a randomized complele block design in
both experiments. The plot size was 2 m x 2 m
for Experiment 1 and 2 m x 1 m for Experiment
1.

Cultural practices followed a fairway
maiatenance program for a well-managed
zoysiagrass golf turf. Mowing was done at a 20
mm height of cul before PGR treatments.
Research plots were ferulized as follows each
year. The schedule for Nitrogen was 2.0 g/m’ in
April and May, 3.5 g¢/m’ in June, July and
Auvgust. Phosphorus was applied at 5.0 g/ in
September and K ai 2.5 g/m' in May, June and
July. Trrigation was applied as needed to avoid
wilting. Fungicides and insecticides were applied
curatively.

Turfgrass color and quality were evaluated to
find the ideal PGR with less phytotoxic injury
and discoloration, and determine its application
rate Tor an acceptable turf performance.
Evaluation was made on a weekly basis during
the study. The study was terminated eight weeks
after its initiation. Turlgrass color ratings were
based on a 1 ta 9 visual rating scale(Skogley and
Sawyer, 1992), wilh [ = straw brown and 9 =
dark green. Turfgrass quality ratings were also
based on 1 to 9 visual rating scale. with | =
poorest and Y = best quality. Data were analyzed
as a randomized complete block design with
analysis of variance, using the (eneral Linear
Model procedures and the Statistical Analysis
Sysitem{SAS Institute, 1990). Means were
separated using least significant differences at the



20004 8 A)

NEPLFZAAE o]§T A0 deotF daAdd A

h

0.05 probability level{Steel and Torrie, 1980).
Color and quality ratings were compared with
those of the untreated control as a contrasting
value, being 100% of no suppression in turferass
color and quality.

ill. RESULTS AND DISCUSSION
1. PGR Effects on Turfgrass Quality

Zoysiagrass qualily was significantly
influenced hy PGRs. Deterioration of turfgrass
gquality appeared from | week after
treatment{WAT) in both Experiments [ and II,
bt treatment effects were variable with PGRs,
application rates, and application timing. In
Experiment T turl quality was not significantly
affected in moast of the trinexapac-ethyl-applied
plots during the first week, as compared with the
untreated plots(Figure 1}. Mefluidide ai high rate
of 2.40 mé/m’ caused a 10% quality reduction.
However, amidachlor treatments at any rate from
0.30 to 1.20 m/m° increased zoysiagrass quality,
which was 10% higher than the control plot's
rating.

In Experiment II turf quality responses were

similar to those with Experiment [, but the
quality suppression was a little greater(Figure 2).
As ohserved in Experiment I, most amidochlor-
applied plots produced higher quality than plots
of ather PGRs, exhibiting only an 8% reduction
from the control quality ratings at the highest rate
of 1.20 mé/m’. Turferass quality reduction,
however, was 20% at the highest rates of
trinexapac-ethyl{0.16 m¢/m’) and inelluidide(2.40
mé/mr). PGRs can be divided as Types [ and 11
according to how they reduce growih(Kaufmann.
1986; Watschke. 1985). Amidochlor is a root-
absorbed, Type [ PGR. It doesn't inhibit growth
until 1t reaches the roots where xylem can
transport it elsewhere in the plant(Danneberger
and Streat, 1990; Turgeon, 1996; Watschke and
DiPaola, 1995). This may allow some growth to
occur following application. Therefore, turf
guality suppression in the amidochlor-applied
plots would be delayed, compared with plots of
other PGRs. This result was supported by other
investigations(Kim, 1998; Kim and Kim, 1999).
In studies to determine PGR effects on ihe
vertical growth of Korean lawngrass, they found
the suppression intensity of the amidochlor-
applied plots was half of other PGR-treated plots.

-
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Figure 1. Influence of trenexapac-ethyl{Primo’), amidochlor{Limit’), and mefiuidide {‘Embark’) treatments on
turfgrass quality of a farrway zoysiagrass turf applied on Juns 22, 1885

Legend: 0" IWAT: &

IWAT., B! A{WAT, H: SWAT
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Figure 2 Influence of trenexapac-ethyl('Prima’), amidechlor(Limit). and mefludide {‘Embark'} treatments on
turfgrass quahty of a farway zoysiagrass turf applied on July 18, 1995,

Legend: [ TWAT:

Turfgrass quality was progressively
suppressed over time after PGR application. [n 2
WAT, quality dilferences were more evident
between PGRs and their application rates. On
plots treated with irinexapac-ethyl, the quality
reduction was 18 to 409 relative to its rates of
0.02 1o 0.16 mé/m’ in both Experiments T and
U{Figures [ and 2). Amidochlor reduced quality
by 21% at the highest applicalion rate of 1.20 n#/
' in both experimenis, while the quality
reduction was lower than 7% in Experiment I and
14% in Experiment II al lower rates(0.30 and
0.60 mé/m’). Meflnidide treatment. however,
dramatically reduced qualily as application rates
increased. At the lowest rale of 0.60 mé/noy, twf
quality was approximately 20% lower than the
control's ratings in both experiments. At the
highest rate of 2.40 mi/m’, quality was 58% lower
in Experiment | and 38% lower in Experiment IF,
when compared wilth the untreated control.
Mefluidide is a Type 1 inhibitor, but foliarly
absorbed. It can rapidly stop cell division and
differentiation in meristematic areas and thus
inhibil growth and development(Kaufmann,
1986, Turgeon, 1996, Watschke, 1985).

Therefore, turfgrass plants in the mefluidide-

C2WAT. B aWAT. R 3WATY

treated plots were considered to be immediate in
responses, compared to those treated with other
PGRs. Kimt and Kim(1999) reported that growth
suppression began to appear three or four days
earlier in the mefluidide-treated plots than in the
others.

ln 4 WAT the guality responses were similar
to the two-week ratings. The suppression
intensity of 1urf quality generally mcreased with
application rates and time after application in the
study. The higher the application rate, the greater
the quality reduction (Figures | and 2).
Generally, with amidochlor application. turf
quality reduction was less than that of the other
PGR treatments. The quality reduction at the
lowest rate of 0.30 mi/m' was 10% in both
experiments, while 32% and 17% reductions
were observed al the highest rate of 1.20 m€/n? in
Experiments I and 11, respectively(Figures | and
2). Trinexapac-ethyl application caused [4 to
41% reduction in Experiment I and 20 to 41%
reduction in Experiment 1T compared Lo the
control plot's ratings, as application rates
increased. Mefluidide treatments suppressed the
turl quality by 20 to 44% and by 18 o 41% in
Experiments T and 11, respectively, depending on
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In the study. a value of 30% or greater in
quality suppression was considered unacceptable
for twf quality. In this regard, turforass quality
was rated acceptable for | WAT on all plots of
PGRs tested(Figures 1 and 2). But 2 to 4 WAT,
zoysiagrass turf quality significantly decreased
depending on treatments. Applications of
trinexapac-ethyl above (.08 mf/m’ and mefluidide
above 1.20 mé/m' were unacceptable from a
standpoint of iurfgrass quality. However,
amidochlor applied at any rate tested, trinexapac-
ethyl at less than 0.08 mé/m’, and mefluidide at
0.60 mé/m’ all preserved acceptable turf quality.

Afller 4 WAT, turfgrass quality progressively
began 1mproving to acceplable levels in most of
the plots treated with PGRs. [n Experiment I, by
8 WAT, all plots produced acceptable turferass
quality except mefluidide-trealed ones receiving
the highest raie of 240 mé/in’. where the quality
was rated at 64% of the control(Figure 1}. At the
two lower rates of mefluidide of 0.60 and 1.20 md
/m’, the quality was 96% and 82%. respectively.
On the trinexapac-ethyl-treated plots, turf quality
increased to 92% at the lowest rate of 0.02 mé/nr’.
and 72% at the highesi rate of 0.16 mi/m’(Figure
1). With amidochlor application. turf quality
improved by 84% at the highest rate of 1.20 mé/
nr. At the two lower rates of 0.30 to 0.60 mé/m’,
however. the quality was approximately 7%
higher than the controi plot's ratings.

Similar responses were found in Experument
I, but the intensily of twt quality recavery was
less, compared with that of Experiment 1. In 8
WAT, irinexapac-ethyl-applied plots produced
82% of the control plot's ratings at 0.02 mé/m’
and 77% at 0.04 md/m’(Figure 2). Unlike the data
of Experiment I, however. turl quality was
unacceplable al rate exceeding 0.04 wi/m".
Amidochlor application produced better quality

over the other PGRs, being around 85% of the
control ratings at all rates. Mefluidide at the
lowest rate of 0.60 mé/m’ increased the quality to
90%, but turf quality at medium to high
rates(1.20 to 2.40 mé/m’') was not acceplable,
which rated only 69% of the control plot's
quality.

2. PGR Effects on Turfgrass Color

Significant treatment differences on
zoysiagrass color were observed, bul the period
and intensity of discoloration varied with PGRs,
application rates and application timing. In
Experiment I treated on June 22, 1995,
zoysiagrass discoloration did not occur during
the first week, with the exception of the
mefluidide-treated turf. Turfgrass color
decreased by 5% in mefluidide-treated plots at all
rates tested(Figure 3). As discussed earlier, the
mefluidide application inhibited growth and
development in immediate response(Kaufmann,
1986; Turgeon, 1996; Watschke, 1985), and thus
was considered highly prone 1o deteriorate
zoysiagrass color. Turl managers should be
aware of the risk of (oliar discoloration in the
application of mefluidide on zoysiagrass turf,

PGR effects on zoysiagrass color were more
evident in 2 WAT. Compared to the control plots,
trinexapac-ethyl-treated plots produced caolor
ratings of 96 to 88% as applicalion rates
increased from 0.02 to 0.16 ml/m'(Figure 3).
Amidochlor at the highest rate of 1.20 mé/nr
caused an 8% color suppression, but only 4% at
two lower rates(0.30 and 0.60 n2/m®). Mefluidide
reduced color ratings more with higher
application rates. At the lowest rate of 0.60 mf/
ur’, the rating of turf color was 4% lower than the
control, but 20% lower at the highest rate of 2.40

mé/ny.
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Figure 4. Influence of trenexapac—ethyl{'Primo’), amidochlor{'Limit'), and mefludide( Embark’) treatments on
turfgrass color of a fairway zoyslagrass turf applied on July 18, 1985

Legend: [0 1WAT. H

In 4 WAT. responses similar to the two-week
ralings were abserved, bul they progressively
increased(Figure 3). After 4 WAT, zoysiagrass
color began Lo recover, but plots ireated with
mefluidide of 1.20 Lo 2.40 mé/m" produced
significantly poorer turf color than the unireated
turf until 3 WAT. However. differences were not
found by 8§ WAT among the treatmenis{Figure 3).

In Experiment II treated on July L8, 1995,
discoloration was observed earlier than in
Experiment I. In 2 WAT significant differences
were found only with the mefluidide-treated plots

SWAT: E: 4WAT. H: 8WAT

exceeding the medmum rate of 1.20 mi/1v’, being
1% suppression of the control
ratings(Figure ). After 2 WAT, however, there
were no significant differences in any plot treated
with PGRs.

Faor all the PGRs tested. greater intensity of

plot's

color suppression was observed 1 Experiment 1
than in Experiment IT. We considered that
seasonal variation of activity and effectiveness of
PGRs accurred. depending upon circumstances.
Several researchers{Danneberger and Street,
1994; Fermanian, 1997: Kim and Kim. 1999
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Walschke er al., [992) suggested that weather
conditions influenced activity. Turf injury,
ineffectiveness, or other unintended
consequences may also resunlt because of
management and cultural practices such as
fertility level. moisture availability. plant vigor,
height and frequency of mowing and so on.
Kim(1998) reported that seasonal variation of the
effectiveness of PGRs was found in zoysiagrass
turf. Zoysiagrass has an optimum growih
temperatlure of 27 Lo 35°(Beard, 1973), and
consequently can grow more vigorously in July
than in June in Korea. Therefore, it was
considered that seasonal variation of responses to
PGRs was associated with difference in plant
vigor according to season. These demonstrated
zoysiagrass responses to PGRs might vary
depending upon application timing. Turf quality
loss and foliar discoloration are important factors
to consider for (urfgrass managers. who want 10
determine application rale and timing accurately.
Kaulmann(19%4) noted seasonal patierns of
turfgrass growth must be considered in relation to
proper application liming of PGRs. It was
suggesied the choice of PGR and its application
rale be based on a defined period of mowing
reduction{Kim and Kim, 1999). Climate is one of
the important factors to consider for the PGR
application. Thus, turf managers should
determine application rate in relation with
applicatjon timing.

IV. CONCLUSION

PGRs can be used effectively to make
turfgrass management easier and less time
consuming. Today's PGRs are an impartant tool
for controlling wuirf foliar growth, but should be
considered to optimize tarf guality and

performance, too. Zoysiagrass color and quality

varied with PGRs, application rate, application
timing, and time after treatment, especially after
1 WAT. Generally, ithe higher the applicalion
rate, the greater the suppression intensity of turf
color and quality; but the inhibition period
differed beiween PGRs. With oplimum
suppression of vertical growth, the intended level
of turf performance must be considered, when
integrating the use of PGRs for turfgrass
management. In research by Kim and
Kim(1999}, vertical shoot growth was effectively
suppressed for three to four weeks in the
amidochlor-treated plots at 0.30 to 0.60 nd/n
and for eight weeks in plots of trinexapac-ethy]
exceeding the rate of 0.08 mé/m" and with
mefluidide at rates of 1.20 to 2.40 mi/m’.
However, this study showed that treatments of
trinexapac-ethyl above 0.08 wé /m° and
melluidide above 1.20 m!/m' were considered to
result in the unacceptable turf quality, while plots
applied with amidochlor at any rate of 0.30 to
1.20 wé/n’, trinexapac-ethyl at less than .08 mé/
m'. and mefluidide at 0.60 mi/m’ produced
acceptable turf quality.

Kaufmann(1994) concluded a crucial
important step was Lo classify the Lurfs according
to level of management when introducing PGRs
to turfgrass cultural practice. On the Jow-
maintenance turf such as zoysiagrass roughs,
where mowing is infrequent and an expected tarf
quality is somewhat lower than other golf course
areas. and other fringe turfs such as slopes and
rocky or rough terrain that are difficult or
hazardous to mow, we suggesled that trinexapac-
ethyl application at a medium rate of 0.08 mé/m’
would be significantly and economically
effective, among the products tested in regards to
long-term growth suppression. On highly-
maintained areas such as zoysiagrass tees and

fairways, applications of trinexapac-ethy! at low
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to medium rates(0.04 (o 0.08 mf/m') and
amidochlor at medium te high rates (0.60 (o 1.20
mé/m*) would be a particularly effective taclic for
turf managers who are trying to keep turf quality
and performance as well as to reduce mowing
frequency only Ffor a shorl-term period.
Mefluidide at all rates(0.60 to 2.40 mé/n).
however, is not a good tactic Tor zoysiagrass
management programs, because of extreme
discoloration and significant reduction in
turfgrass quality caused by chemical
phytotoxicity.

Although a chemical approach will not
completely replace mechanical mowing, it is
potentially cost effective. Chemical mowing may
be especially useful as an allernative. during
periods of excessive rainfall, in areas with
hazardous footing. given the inereasing cost of
both hand and mechanical lahor for vegetation
control, and increasing concern ahout
environmentally compatible 1urfgrass
management. This is especially true in Korea.
Annual precipitation normally ranges from 1200
to 1500 mm(KMA, 1997, and more than half the
rainfall occurs in late June through early August
as described in Figure 5. because of the
characteristics of the monsoon climate.
Therefore, turf managers, used to cutling zoysia

turls every other day during this very vigorous
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Figure 5. Mean monthly air temparature and
precipitation 1n Seoul, Korea

Legend: M. Precipitation. B: Mean Temp

stage of growth, have difficult-lo-mow times in
the rainy seasen and are almost unable to use
mowers on tees, fairways, and roughs at the
scheduled time, resulting in a poor quality of tinf
surface. Mower operation musi be restricted
during periods of high soil moisture content to
minimize wrf injury. especially in areas of [ine-
textured soils. Moreover, most of the new golf
courses are built on rocky or rough terrain in
mouniainous areas. This means that turf
managers will face a tougher mowing challenge
than befare, even during the non-rainy seasons.

Several researchers reported that PGRs could
reduce mowing requirements by up Lo
50%(Fermanian, 1997; Watschke and DiPaola,
1993), or 60%(Kim et, al., 1997; Kim and Kim,
1999y, However, an ideal PGR will reduce
mowing requirements withoot phylotoxic injuries
Lo iurf color and quality. Accordingly, turf
managers have 1o select an appropriate PGR and
determine a proper rate and timing of application
for turfgrass management. based on a defined
period of mowing reduction, an intended level of
turf performance, and a turfgrass culture intensity
to employ. Kaufmann(1994) also suggested the
intended use of the turf and the conditions at
turferass site be concerns when considering the
use of PGRs.
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