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Response of ‘Tifway’ Bermudagrass to
Rate and Frequency of Flurprimidol
and Paclobutrazol Application

B.J. Johnson'
Department of Agronomy, University of Georgia, Georgia Station,
Griffin, GA 30223-1797

Additional index words. plant growth regulators, turfgrass injury, vegetative
suppression, Cynodon transvaalensis x C. dactylon

Abgract. A field experiment was conducted for 2 years to determine the effects of
rate and time interval for repeated applications of the plant growth regulators (PGR)
flurprimidol and paclobutrazol on vegetative suppression of ‘Tifway' bermudagrass
[Cynodon transvaalensis Burtt-Davy x C. dactylon (L.) Pers]. Suppression of vegetative
growth of this grass was generally the same when either flurprimidol or paclobutrazol
was applied twice after a 2-, 3-, or 4-week interval. The duration of growth suppression
was also similar after initial application with flurprimidol at 0.84 kg-ha'and repeated
at 0.28 to 0.84 kg-ha'or with paclobutrazol applied initially at 1.1 kg-ha*and
repeated at 0.56 to 1.1 kg-ha®. Both PGRs caused slight to moderate turfgrass injury
at these rates, but the injury was temporary and the grass had fully recovered by 10
weeks. Chemical names used: a -(1-methylethyl)- a -[4-(trifluoromethoxy)-phenyl]-5-

pyrimidinemethanol (flurprimidol); (x)-(R*R*) b -[(4-chlorophenyl)-methyl]- a -(1,1-

dimethylethyl)-1H-1,2 4-triazole-I-ethanol

Plant growth regulators (PGRS) are used
on turf for their potentia to reduce vegeta-
tive growth and the number of required
mowings. Batten (1983) reported the number
of mowings was reduced up to 50% for 5 to
8 weeks after application of PGRs. How-
ever, PGR use on turfgrasses is limited by
the potential for turf injury and inconsistent
response of turfgrass to PGRs (Christians,
1985).

Flurprimidol applied in June reduced ver-
tical growth of common bermudagrass [ Cy-
nodon dactylon (L.) Pers] in North Carolina
(DiPaola et d., 1985) and ‘Tifway' bermu-
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(paclobutrazol).

dagrass in Georgia (Johnson, 1988, 1989,
1990). This type of reduction will be referred
to as suppression. The suppression of ‘Tif-
way’ bermudagrass from asingle 0.84 kg
flurprimidol/ha treatment in Georgia ranged
from 0 to 4 weeks. Suppression generally
was not improved when flurprimidol was ap-
plied at 0.56 kg-ha'in each of two appli-
cations at 2- to 3-week intervas (Johnson,
1990). However, when ‘Tifway' was treated
with flurprimidol at 0.21 kg-ha' on 30 May
and the application was repeated after a 3-
week interval until 7 Aug. for atotal 0.84
kg-ha®, effective growth suppression oc-
curred from 28 June through 3 Aug. (John-
son, 1988). Paclobutrazol applied at 1.1
kg-ha'as a single treatment suppressed
‘Tifway' bermudagrass for 3 weeks (John-
son, 1990). The suppression increased by only
1 week when paclobutrazol was applied twice
(1.1 + 0.56 kg-ha') at 2- to 3-week inter-
vas (Johnson, 1990).

For PGRs to be effective, they should not
cause undesirable injury to the turf, i.e,
moderate to severe leaf discoloration or plant
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Table 1. Influence of rate and time interval between repeat applications of flurprimidol and paclo-
butrazol on suppression of vegetative height of ‘Tifway’ bermudagrass at Griffin, Ga.

Plant growth regulators?

Application _ Suppression (%)
Initial Second int:anr:/inl Weeks after initial treatment
Name (kg-ha-?) (kg-ha-1) (wks) 3 5 6 7
Flurprimidol 0.84 --- 0 16 3 5 3
0.84 0.56 0+2 26 16 25 17
0.84 0.28 0+2 19 12 15 7
0.84 0.56 0+3 19¢ 4 24 14
0.84 0.28 0+ 3 15% 6 11 2
0.84 0.56 0+ 4 19¢ 2 17 14
0.84 0.28 0+ 4 18« 11 19 12
Lsp (0.05) 19 15 15 16
Main effect means
Rates (kg-ha-)
0.84 + 0.56 22 7 22 15
0.84 + 0.43 16 12 19 22
0.84 + 0.28 18 9 15 7
Intervals (weeks)
0+2 20 14 20 12
0+3 17 9 18 9
0+4 18 6 18 3
Paclobutrazol 1.1 - 0 11 3 12 2
1.1 1.1 0+ 2 23 18 27 17
1.1 0.56 0+ 2 19 19 26 11
1.1 1.1 0+3 23 9 19 15
1.1 0.56 0+3 21% 13 25 16
1.1 1.1 0+ 4 20~ 3 16 7
1.1 0.56 0+ 4 17% 10 25 16
LsD (0.05) 14 17 12 16
Main effect means
Rates (kg-ha-1)
1.1 +1.1 22 9 21 13
1.1 + 0.84 17 7 20 15
1.1 + 0.56 19 14 25 15
Intervals (weeks)
0+ 2 20 16 26 13
0+ 3 20 9 20 16
0+4 18 6* 20 13

“Treatments were applied 31 May, and 14, 22, and 28 June = 1 day 1989 and 1990 or at 0, 2, 3, and

4 weeks after the initial application, respectively.

YVegetative height ratings are means of five measurements within four replications for each of 2 years
and based on percent suppression related to plots not treated with plant growth regulators.

xSecond application was made after ratings were recorded.

*The vegetative suppression was higher at 5 WAT with paclobutrazol at 0 + 2 weeks (averaged across
rates) than when applied at 0 + 4 weeks. There were no other differences.

desiccation, while reducing foliar growth.
Injury of ‘Tifway' bermudagrass ranged from
minor to severe leaf discoloration, with some
plant desiccation, when flurprimidol was ap-
plied at 0.84 kg-ha' (Johnson, 1980, 1989,
1990) and showed minor leaf discoloration
when paclobutrazol was applied at 1.1 kg-ha'
(Johnson, 1990).

An experiment was initiated with flur-
primidol and paclobutrazol to determine the
effects of application rates and time interval
between applications on duration of growth
suppression and ‘Tifway’ bermudagrass in-

ury.

: lglurprimidol and paclobutrazol were ap-
plied as a spray to established ‘ Tifway’ ber-
mudagrass at Griffin, Ga., during 1989 and
1990. The initid PGR application was made
on 31 May and repeated (interval) on 14 June
(2 weeks), 22 June (3 weeks), or 28 June (4
weeks) £ 1 day. For flurprimidol, the initial
application was 0.84 kg-ha’, followed by
0.28, 0.43, or 0.56 kg-ha'as repeated ap-
plications for total rates of 1.12, 1.27, and
1.40 kgha', respectively. For paclobutra-
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zal, the initial application was 1.1 kg-ha',
followed by 0.56, 0.84, or 1.1 kg-ha'for
total rates of 1.66, 1.94, and 2.20 kg-ha',
respectively. Results for flurprimidol a 0.84
+ 0.43 kg-ha'and paclobutrazol at 1.1 +
0.84 kg-ha' were omitted from parts of the
tables since their effect was similar to the
other treatments. A single application of
flurprimidol at 0.84 kg-ha’, paclobutrazol
a 1.1 kg-ha', and an untreated control were
included. All PGRs were applied to different
plots each year as a broadcast spray in 375
liters of water/ha.

The soil type was an Appling loamy sand
(clayey, keolinitic, Thermic Typic Haplu-
dult) with 2.2% organic matter, 79% sand,
14% silt, and 7% clay. Soil pH was 5.7. A
soil test indicated that P was high (48
mg-kg") and K was low (59 mg-kg?).

Each year ‘Tifway' bermudagrass wes fer-
tilized uniformly (kg-har) with 50N-22P-
42K in mid-April. Additiona N was applied
at 50 kg-ha'in mid-May. Bermudagrass was
irrigated as needed to maintain normal growth.
Plot size was 1.5 x 3 m. The grass was

mowed with a reel mower at a height of 3
cm, and clippings were removed 1 day be-
fore initial PGR treatments and each week
after plant height measurements were made.
Half of the PGR-treated plots were mowed
weekly; the other half was not mowed during
the study.

Vegetative heights of bermudagrass were
taken from soil surface to tip of leaves, and
injury and density ratings were estimated
visudlly. Five plant height measurements were
made within each replication before mowing
at weekly intervals from 2 to 10 weeks after
thefirst treatment (WAT). Similar measure-
ments were made in nonmowed plots at 4,
6, 8, and 10 WAT. All height data are re-
ported as percent suppression when com-
pared with nontreated grass. The injury ratings
were made at weekly intervals beginning at
2 WAT and continuing until 10 WAT. The
ratings were based on 0 = no injury, 1% to
15% = minor leaf discoloration, 16% to 30%
= moderate discoloration with some plant
desiccation, 31% and higher = moderate to
severe leaf discoloration and plant desicca
tion, and 100% = complete kill. Turf den-
Sity ratings were made at weekly intervals
from 5 to 10 WAT and based on 1 = no
turf cover and 10 = complete uniform cover.

The experiment was analyzed as a com-
pletely randomized split plot with repeated
measures a weekly intervals. Year was treated
as the main plot with subplot application rate
and timing in a factorial arrangement. Pre-
liminary analysis showed that neither year
nor any of itsinteractions were significant a
P = 0.05 (SAS Ingtitute, 1982); therefore,
both years data were pooled across years for
subsequent analysis. Date of remeasure-
ment, and associated interactions, proved to
be highly significant (P < 0.001); conse-
quently, the data were anayzed within re-
measurement date. There were no application
rate x gpplication time interactions (P =
0.05). Means for each PGR were separated
by LSD a P = 0.05. Contrasts were made
across rates and interval combinations.

There was no difference in suppression of
‘Tifway' bermudagrass when flurprimidol was
applied in two applications, regardiess of to-
tal rate or interval between treatments (Table
1). This response is shown by nonsignificant
differences between rates (averaged across
intervals of treatment) and treatment inter-
vals (averaged across rates). It is necessar
to apply flurprimidol initially a 0.84 kg-ha',
but the rate of the second application can
vary from 0.28 to 0.56 kg-ha'for maxi-
mum growth suppression. However, since
flurprimidol applied at 0.84 + 0.28 kg-ha'
injured ‘Tifway' bermudagrass less at 7 to
10 WAT than did 0.84 + 0.56 kg-ha' (Ta-
ble 2), the lower rate should be used. Turf
density was aso better in plots when the sec-
ond application was 0.28 kg-ha' rather than
0.56 kg-ha.

The injury of ‘Tifway' bermudagrass
treated with flurprimidol varied with the tim-
ing of the second application (averaged across
rates) (Table 2). Theinjury waslessat 5
WAT when the second flurprimidol treat-
ment was applied after a 4-week rather than
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Table 2.

Influence of rate and time interval between repeat applications of flurprimidol and paclo-

butrazol on injury and density of ‘Tifway’ bermudagrass at Griffin, Ga.

Plant growth regulators

Turfgrass density

Application p= Turfgrass injury (%) (1 to 10)*
Initial Second intgrr:/eal Weeks after initial treatment
Name (kg-ha-1) (kg-ha-')  {wks) 5- 7 9 10 10
Untreated --- - -ee 0 0 0 0 10.0
Flurprimidol 0.84 0 4 1 0 0 9.8
0.84 0.56 0+2 24 21 14 9 8.8
0.84 0.28 0+2 13 7 0 1 9.7
0.84 0.56 0+3 17 20 14 10 8.8
0.84 0.28 0+3 12 6 4 1 9.8
0.84 0.56 0+4 8 17 18 11 8.5
0.84 0.28 0+4 9 9 6 8 9.3
LsD (0.05) 12 13 10 9 0.8
Main effect means
Rates (kg-ha-1)
0.84 + 0.56 16 19 15 10 8.7
0.84 + 0.43 17 18 13 7 9.0°
0.84 + 0.28 11 7 4 3 9.6
Orthogonal comparisons
0.84 + 0.56
vs. 0.84 + 0.43 NS NS NS NS NS
vs. 0.84 + 0.28 NS * * * *
Intervals (weeks)
0+2 19 14 7 5 9.3
0+3 15 14 10 6 9.2
0+4 10 16 14 10 8.8
Orthogonal comparisons
0+2
vs.0 + 3 NS NS NS NS NS
vs. 0 + 4 * NS * * *
Untreated - --- - 0 0 0 0 10.0
Paclobutrazol 1.1 - 0 6 S 3 3 9.6
1.1 1.1 0+2 19 27 17 10 8.6
1.1 0.56 0+2 13 16 12 7 9.1
1.1 11 0+3 9 25 20 17 8.4
1.1 0.56 0+3 15 19 14 13 8.5
1.1 1.1 0+4 7 18 17 13 8.6
1.1 0.56 0+4 8 18 13 14 8.7
Lsp (0.05) 9 12 11 11 1.0
Main effect means
Rates (kg-ha-1)
1.1 + 1.1 11 23 18 14 8.5
1.1 + 0.84 10 16 11 10 8.8
1.1 + 0.56 12 15 11 11 8.7
Orthogonal comparisons
1.1+ 141
vs. 1.1 + 0.84 NS * * NS NS
vs. 1.1 + 0.56 NS * * NS NS
Intervals (weeks)
0+2 15 20 12 9 8.9
0+3 10 19 14 13 8.6
0+4 ) 7 18 17 12 8.6
Orthogonal comparisons
0+2 -
vs.0 + 3 * NS NS NS NS
vs.0 + 4 * NS NS NS NS

Plant growth regulator applications were made 31 May, and 14, 22, and 28 June = 1 day 1989 and
1990 or at 0, 2, 3, and 4 weeks after the initial application, respectively.

YTurfgrass injury ratings were made at times indicated after first plant growth regulator application and
based on 0 = no injury, =30 = unacceptable, and 100 = complete kill. Data are the means of four

observations each year.

*Turf density ratings were made at 10 weeks after treatment and based on 1 = no turf, 8.5 = acceptable,
and 10 = complete uniform cover. Data are the means of four observations for each year.
***Significant at 0.05 and 0.01 levels, respectively.

a2-week interval. Turf injury at 9 and 10
WAT was higher when the second applica-
tion was made after 4 weeks than after 2
weeks. The higher injury also reduced the
density of the turf. The lower injury from
flurprimidol at 5 WAT when applied after a
4-week interval was related to the elapse of
insufficient time for the PGR to achieve its
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maximum injury level. Although there were
differencesin injury from different intervals
of flurprimidol treatment, it was within an
acceptable level (< 30%) and the turf fully
recovered. The injury to turf treated with
flurprimidol a 0 + 2 weeks was the highest
at 5 WAT, while the injury from 0 + 4
weeks was the highest at 9 and 10 WAT.

When paclobutrazol was applied in two
applications, there was no difference in
suppression of ‘Tifway' bermudagrass re-
gardiess of total rate (Table 1). This is shown
by nonsignificant comparisons of rates when
averaged across treatment intervals. Thein-
terval between paclobutrazol treatments also
did not influence suppression of bermuda
grass when averaged across rates, except a
5 WAT. The suppression was highest when
the second paclobutrazol treatment was made
after 2 rather than 4 weeks. The poor sup-
pression from delayed treatment at 4 weeks
probably resulted from dissipation of the PGR
from the first application and insufficient
elapse of time after the 4-week treatment for
the PGR to be effective at 5 weeks. By 6
WAT, there was no difference in suppres-
sion due to interval of PGR treatments.

Paclobutrazol applied twice at 1.1 kg-ha'
(averaged across treatment intervals) injured
turf more than when applied initially at 1.1
kg-ha"and followed by 0.56 or 0.84 kg-ha"
(Table 2).

Multiple applications of either flurprimi-
dol or paclobutrazol suppressed vegetative
growth of ‘Tifway' bermudagrass longer than
asingle application. Both PGRs suppressed
vegetative growth from 3 to 7 weeks after
theinitial treatment.

Two gpplications of flurprimidol and pac-
lobutrazol significantly suppressed growth of
unmowed ‘Tifway' bermudagrass from 4 to
10 WAT (data not shown). However, un-
mowed ‘Tifway' bermudagrass will not be a
high-quality turf. Bermudagrass maintains
green growth in upper leaves due to senes-
cence of the lower leaves; thus, adelay in
mowing will cause scalping and result in a
lower-quality turf when cut at the origina
height. Bermudagrass in PGR-treated plots
produced less clippings and reduced the
number of mowings by 30% to 50% (using
the rule that grass should never be taller than
one-third of the origina growth) during 6
WAT when compared with untreated turf.
Therefore, mowing should be included with
PGRs to maintain an acceptable quality of
‘Tifway'  bermudagrass.

These results show that either flurprimidol
or paclobutrazol suppresses vegetative growth
of ‘Tifway' bermudagrass up to 7 WAT
without undesirable injury or reduction in turf
density. For maximum suppression, flur-
primidol should be applied initialy at 0.84
kg-ha*and followed by 0.28 kg-ha’, and
paclobutrazol should be applied initidly at
1.1 kg-ha'and followed by 0.56 kg-ha'.
The suppression was as good when PGR
treatments were repeated after a 2-week in-
terval aswhen the second trestment was de-
layed until 3 or 4 weeks.
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