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SUMMARY. Vegetatively propagated warm-season turfgrasses are established with
methods that rely on large quantities of propagation material and subsequent plant
growth support. The precision seeding adopted for some seed propagated crops
controls the depth and spacing at which seeds are placed in the soil. Sprigs that are
reduced in length could potentially be suitable for existingmachinery, and precision
planting could enhance the efficiency of use of the propagation material. The aim of
the present study was to carry out a preliminary screening on products known to act
as plant growth regulators to explore their potential use for controlling stolon
development and elongation of ‘Patriot’ hybrid bermudagrass (Cynodon dactylon ·
C. transvaalensis) grown in pots for propagation purposes. Trinexapac-ethyl (TE),
chlormequat chloride (CM), paclobutrazol (PB), propiconazole (PPC), diquat
(DQ), flazasulfuron (FS), glyphosate (GP), ethephon (EP), and gibberellic acid
(GA) were applied to pot-grown ‘Patriot’ hybrid bermudagrass turf in eight
different application rates, ranging for each product from the minimum expected
effective rate to a potentially harmful rate. Of the tested treatments, TE applied at
2.0 kg�haL1 and PB applied at 1.0 kg�haL1 reduced stolon and internode length
without causing a reduction in the stolon number or turf quality. PPC was also
effective in reducing stolon length, but the effect on internode length was not
statistically significant. Stolon length was unaffected by CM, while DQ and GP
induced stolon elongation. FS, EP, and GA affected stolon length without
a consistent relation between stolon length and application rate. The chemical
suppression of stolon elongation in pot-grown ‘Patriot’ hybrid bermudagrass can
contribute to controlling sprig size for use with precision seeding machinery.

T
he vegetative establishment of
warm-season turfgrasses is
achieved by spreading large

quantities of propagation material at
the soil surface and subsequently en-
couraging growing points to generate
new plants (Dunn and Diesburg,
2004). A more efficient use of the
propagation material by placing sprigs
at a pre-established precise depth in
the soil and with defined spacing is
expected to produce a higher percent-
age of buds converted into new stems
and a more uniform plant density.
Precision seeding is routinely adopted
for several field crops. Properly sized

sprigs could fit precision seeding ma-
chinery thus with the potential of
being planted at a defined depth and
spacing.

Plant growth regulators (PGRs)
are known for their ability to modify
plant organ development and elonga-
tion due to their interference with
plant metabolism (Ervin and Zhang,
2008; Huang, 2007).

Gibberellic acid inhibitors such
as TE and PB routinely are used in
fine turfs. Treatments are carried out
to reduce leaf growth or seed head
formation while preserving stolon
growth (McCarty, 2011). Volterrani
et al. (2012) reported a significant
reduction of stolon length when TE
was applied on ‘Patriot’ hybrid ber-
mudagrass over the labeled rate.
The available data on hybrid ber-
mudagrass for PB only refers to the
effects on clipping yield, root mass,
root length, and shoot density of
dwarf types (McCullough, 2005a,
2005b).

Chlormequat chloride also be-
longs to the group of GA inhibitors
but is currently labeled for grain
crops and ornamental plants. Its use
on hybrid bermudagrass was reported
by Youngner and Nudjie (1974) who
recorded a slight delay in root growth,
a decrease in internode elongation,
and a nodal branching stimulation.

The potential use of triazoles as
plant growth regulators, such as PB
and PPC, was first attributed to their
interference with the GA synthesis
pathway (Fletcher et al., 2000). Bras-
sinosteroids were then identified as
phytohormones involved in several
growth responses such as cell and
stem elongation, and PPC has been
recognized as a specific suppressor of
their synthetic pathway (Hartwig
et al., 2012; Sekimata et al., 2002).
The application of PPC as a plant
growth regulator on turfgrasses was
reported by Ervin et al. (2004) who
recorded an increase in quality and
color when 0.22 kg�ha–1 PPC were
applied to a creeping bentgrass (Agro-
stis stolonifera) sward grown in
shaded conditions.

In addition to products intended
for growth regulation, several other
compounds are known to induce
growth suppression. A number of
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active ingredients that are listed in
herbicides share a similar mode of
action with PGRs and, when applied
to plants at rates far below the rec-
ommended rate for herbicidal action,
they produce sublethal effects that
result in growth suppression (Ervin
and Zhang, 2008).

DQ is listed as a growth inhibitor
herbicide, but little is known about its
use on turfgrasses. Suppression of
flower initiation in sugarcane (Saccha-
rum officinarum) (Meyer et al., 2013)
seems to be the only current use of
DQ as a growth regulator. FS belongs
to the sulfonylurea herbicides, some of
which are listed as growth regulators
(Watschke et al., 1992). McCullough
et al. (2011) tested FS for the plant
growth regulation of seashore paspa-
lum (Paspalum vaginatum), achiev-
ing up to 75% clipping reduction
and up to 86% seed head suppres-
sion compared with the untreated
control.

Glyphosate inhibits the aromatic
amino acid biosynthesis, which ulti-
mately leads to a slow cessation of
growth (Arteca, 1996). Johnson (1990)
documented plant growth reduction
on bahiagrass (Paspalum notatum)
treated with the isopropylamine GP
salt at 0.2 kg�ha–1.

EP and GA are classified as hor-
monal compounds because they are
phytohormones or mimic the action
of phytohormones (Ervin and Zhang,
2008). GA is labeled for turfgrass use
with the aim of initiating or maintain-
ing growth and preventing color
changes in bermudagrasses (Cynodon
sp.) during periods of cold stress

(Ervin and Zhang, 2008). Besides
these effects, the increase in stolon
growth has been reported for com-
mon bermudagrass (Cynodon dacty-
lon) (Juska, 1958).

EP is labeled for annual bluegrass
(Poa annua) seed head suppression
and for regulating the growth of cool
season turfgrasses; however, experi-
mental applications on bermudagrasses
have been reported by several authors
(Brosnan et al., 2010; McCarty et al.,
2011; McCullough et al., 2004). Re-
sults obtained by Shatters et al. (1998)
indicated an increase in the rate of
shoot formation from crowns of ‘Tif-
ton 85’ common bermudagrass treated
with EP.

Most information on PGRs is
related to field applications for bio-
mass reduction, and little is known
about stolon growth regulation in
pot-grown turfgrasses. We carried
out a preliminary screening on prod-
ucts known to act as PGRs to explore
their potential use for controlling
stolon development and elongation
in pot-grown hybrid bermudagrass.
We also assessed the effects of tested
treatments on sward characteristics to
identify the products or application
rates that are potentially harmful to
plants.

Materials and methods
The trial was carried out at the

Department of Agriculture, Food and
Environment of the University of Pisa
(lat. 43�40’N, long. 10�19’E, 6 m
elevation) from April to July 2013.
On 17 Apr. 2013 sod plugs were
taken from a mature stand of ‘Patriot’

hybrid bermudagrass, washed free of
soil, and transplanted into plastic pots
with a surface area of 50 cm2 and
a 18-cm depth. A commercial green-
house mix (Humin Substrat N17,
pH 6.0, EC 0.40 dS�m–1; Klasmann-
Deilmann, Geestee, Germany) was used
as a growing medium. Before initiat-
ing the study, plants were allowed to
establish for 3 weeks. During estab-
lishment, pots were kept in the green-
house and the temperaturemaintained
at an approximate day/night tempera-
ture of 35/20 �C with daily maximum
photosynthetically active radiation
levels ranging from 950 to 1425
mmol�m–2�s–1, provided by sunlight.
Irrigation was supplemented to en-
courage active growth, and fertiliza-
tion was carried out with a slow
release fertilizer (Landscape Pro Uni-
verstar 15N–2.6P–13.3K; Everris Ita-
lia, Treviso, Italy) providing a total
amount of 200.0 kg�ha–1 nitrogen
(N), 29.2 kg�ha–1 phosphorous
(P), and 176.8 kg�ha–1 potassium
(K) over the trial period. Pots were
mown twice per week to a height of
1.5 cm, and mowing suspended
after treatment application.

Nine PGRs and an untreated
control were included in the trial.
Their common name, the commercial
product used, the active ingredient
concentration, and the abbreviation
adopted in this article are reported in
Table 1. PGRs are listed according to
the classification proposed by Ervin
and Zhang (2008). To explore the
effects of the products beyond their
labeled range of application, each
product was applied at eight different

Table 1. Plant growth regulators (PGRs) applied at increasing rates on pot-grown ‘Patriot’ hybrid bermudagrass to control
stolon development and elongation: classification, common name, commercial products used with the relative active
ingredient concentration, and abbreviation adopted.

PGR classification and common namez Commercial product (% a.i.) Abbreviation

Class A: Late gibberellic acid inhibitors
Trinexapac-ethyl Primo Maxx; Syngenta, Basel, Switzerland (11.3) TE

Class B: Early gibberellic acid inhibitors
Chlormequat chloride Cycocel 5 C; BASF, Ludwigshafen, Germany (46.1) CM
Paclobutrazol Cultar, Syngenta (25) PB
Propiconazole Lizocin; Everris Italia, Treviso, Italy (25) PPC

Class D: Herbicides
Diquat Dessicash 200 SL; Sharba Worldwide Exports, Mumbai, India (17) DQ
Flazasulfuron Chikara 25 WG; ISK Bioscience Europe, Brussels, Belgium (25) FS
Glyphosate Clinic 360 SL; Nufarm, Linz, Austria (36) GP

Class E: Hormonal compounds
Ethephon Ethrel; Bayer, Leverkusen, Germany (39.6) EP
Gibberellic acid (GA3) Berelez 40 SG, Syngenta (40) GA

zPGRs are listed according to the classification proposed in Ervin and Zhang (2008).
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rates. Rates were progressively in-
creased from Rate 1 (R1) to Rate 8
(R8) with each consecutive rate hav-
ing a 2-fold increase of the active
ingredient concentration compared
with the previous one.

The lowest rates of TE and PB
were intended to approximate the
highest suggested application rate la-
beled for turfgrass use. The lowest
CM application rate was set to ap-
proximate that recommended for
open-field application on grain crops.
PPCwas applied at rates ranging from
below the minimum and above the
maximum effective rates for fungi-
cidal effects on turfgrass. DQ, FS,
and GP concentrations were calcu-
lated in order for most of the treat-
ments to have an application rate
below that required for a herbicidal
effect. The lowest application rates for
EP and GA were intended to approx-
imate the highest suggested applica-
tion rate labeled for turfgrass use.
Table 2 reports the eight application
rates adopted for each active ingredi-
ent in the experimental treatments.

Treatments were applied once
on 7 May 2013 by a pressurized
carbon dioxide (CO2) sprayer. To
achieve fully wet leaves without prod-
uct runoff, preliminary trials were
carried out and 1 mL of mix per pot
(equivalent to a mix application of
2000 L�ha–1) was applied. Control
pots were sprayed with tap water.
Treatments were arranged in a ran-
domized complete block experimen-
tal design with three replications.
Starting from 2 d after treatment until
4 weeks after treatment (WAT), turf
injury and turf color were visually
assessed on a weekly basis. Turf injury
was reported as percentage with 0 =
no injury and 100 = complete kill of
the turf and turf color was reported
with a 1 to 9 scale, where 1 = light
green, and 9 = dark green. At 4 WAT
biometric measurements were also
carried out. Turf height wasmeasured
with a 50 cm2 disk (specific density
0.75 kg�m–2) left to rest on the sward
surface and the distance between the
lower surface of the disc and the pot
rim measured with a ruler (data
reported in millimeters). Leaf length
was determined bymeasuring 10 fully
expanded leaf blades per pot with
a ruler (data reported in centimeters).
The number of stolons per pot was
determined by direct counting of the
number of stolons exceeding the pot

rim while mean stolon length was
determined bymeasuringwith a ruler,
all stolons exceeding the pot rim
and calculating mean length (data
reported in centimeters). Internode
diameter (reported in millimeters)
was determined by taking 10 random
measurements per pot with a digital
micrometer (Mitutoyo Corp., Kawa-
saki, Japan) and internode length was
determined by measuring 10 random
internodes per pot with a precision
Vernier caliper (data reported in mil-
limeters). After the above determina-
tion, at 4 WAT the turf was cut at pot
rim height, clippings collected and
oven dried at 80 �C until constant

weight, weighed and aerial biomass
determined (data reported in grams
per pot).

Data were subject to analysis of
variance using CoStat 6.400 (CoHort
Software, Monterey, CA). Fisher’s
protected least significant difference
at a 5% probability level was used
to compare means among applica-
tion rates for each active ingredient
separately.

Results
Data referring to turf injury are

discussed first to identify those treat-
ments that cause direct damage to
hybrid bermudagrass and thus have

Table 2. Plant growth regulators applied at increasing rates on pot-grown
‘Patriot’ hybrid bermudagrass to control stolon development and elongation:
application rates and relative abbreviations. Rates are increased fromRate 1 (R1)
to Rate 8 (R8); each consecutive rate has a 2-fold increase of the active ingredient
concentration compared with the previous one.

Application
rate abbreviation

Active ingredientz

TE CM PB PPC DQ FS GP EP GA

Application rate (kg�haL1 a.i.)y

R1 0.5 2.0 0.5 0.05 0.05 0.001 0.05 2.0 0.02
R2 1.0 4.0 1.0 0.1 0.1 0.002 0.1 4.0 0.04
R3 2.0 8.0 2.0 0.2 0.2 0.004 0.2 8.0 0.08
R4 4.0 16.0 4.0 0.4 0.4 0.008 0.4 16.0 0.16
R5 8.0 32.0 8.0 0.8 0.8 0.016 0.8 32.0 0.32
R6 16.0 64.0 16.0 1.6 1.6 0.032 1.6 64.0 0.64
R7 32.0 128.0 32.0 3.2 3.2 0.064 3.2 128.0 1.28
R8 64.0 256.0 64.0 6.4 6.4 0.128 6.4 256.0 2.56
zTE = trinexapac-ethyl; CM = chlormequat; PB = paclobutrazol; PPC = propiconazole; DQ = diquat; FS =
flazasulfuron; GP = glyphosate; EP = ethephon; GA = gibberellic acid (GA3).
y1 kg�ha–1 = 0.8922 lb/acre.

Table 3. Plant growth regulators applied at increasing rates on pot-grown
‘Patriot’ hybrid bermudagrass to control stolon development and elongation:
turf injury percentage recorded at 5 weeks after treatment.

Application ratez

Active ingredienty

TEz CM PB PPC DQ FS GP EP GA

Turf injury (%)x

Control 0 0 0 0 0 0 0 0 0
R1 0 0 0 3 5 0 5 0 0
R2 0 0 0 5 11 0 8 5 0
R3 5 2 0 4 14 0 13 5 0
R4 9 2 0 6 37 0 40 10 0
R5 20 7 0 5 51 0 89 16 0
R6 31 22 0 10 85 0 96 31 0
R7 78 30 0 28 93 0 100 40 0
R8 95 73 0 56 100 0 100 63 0
LSD (0.05)w 28 20 - 21 25 - 24 20 -
zR1 to R8 represent increasing rates in the application of the different active ingredients. Each increase in rate is
obtained by doubling the active ingredient concentration in the sprayed mix. Actual rates vary depending on the
active ingredient (Table 2).
yTE = trinexapac-ethyl; CM = chlormequat; PB = paclobutrazol; PPC = propiconazole; DQ = diquat; FS =
flazasulfuron; GP = glyphosate; EP = ethephon; GA = gibberellic acid (GA3).
xTurf injury was visually assessed and values are reported as percentages, with 0 indicating no injury and 100
indicating complete kill of the turf.
wFisher’s protected least significant difference at P £ 0.05.
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no potential application. With respect
to turf injury, some treatments were
well tolerated by plants regardless of
the application rate, while in most
cases treatments were increasingly
harmful to plants as the active ingre-
dient application rate increased. Neg-
ative effects became evident 2 to 3 d
following the application; however,
some treatments took a few weeks to
reach the full effect. Data reported in
Table 3 refer to peak values of turf
injury observed at 5 WAT. No leaf
damage occurred in pots treated with
PB, FS, and GA regardless of the
application rate. PPC application at
R7 resulted in significant damage
compared with the control, and
reached 56% injury at its highest
application rate. TE, CM, and EP
first produced significant damage
when applied at R6 (31%, 22%, and
31% leaf damage, respectively). The
maximum application rate (R8) of
the same products increased the
damage to 95%, 73%, and 63%, re-
spectively. R4 was the lowest harmful
application rate both for DQ and
GP, with leaf burns covering 37%
and 40% of the surface, respectively.
Herbicidal effects occurred at R8 for
DQ (6.4 kg�ha–1), and at R7 and R8
for GP (3.2 and 6.4 kg�ha–1, respec-
tively). Because of the complete loss
of the turf, further determinations
were not carried out for these
treatments.

The most marked differences in
turf color were detected at 2 WAT.
Data reported in Table 4 and the
relative discussion refer to this assess-
ment. Color was unaffected by PB,
PPC, and FS at any of the application
rates, with scores not differing statis-
tically from the value (7.0) recorded
for the control (Table 4). TE was the
only active ingredient that improved
turf color compared with the control:
when applied at R1 and R2 (1.0 and
2.0 kg�ha–1, respectively) color was
scored 7.5 and 7.8, respectively.
When applied at rates R3, R4, and
R5, no effect on color was detectable,
while the effect became negative
when application rates were higher
than R5 (8.0 kg�ha–1). For all the
remaining active ingredient treat-
ments, a discoloration was generally
associated with the progressive in-
crease in application rate. Reductions
in color score were induced by higher
application rates than R2 for DQ and
GA, higher than R3 for GP, higher

than R5 for CM, and higher than R6
for EP.

At 4WAT, turf height in unmown
control pots reached 53mm (Table 5).
The effect of treatments on turf
height was negligible when PPC
and FS were applied. TE, CM, PB,
and EP reduced turf height starting
from the lowest application rate.
TE and PB showed a strong associ-
ation between application rate and
height reduction. Turf height was

reduced compared with the control
when DQ and GP were applied at R2
(0.1 kg�ha–1) or higher rates. As
expected, GA was the only active in-
gredient to cause an increase in turf
height. The turf was higher compared
with the control pots when GA was
applied at rates from R5 to R8 (0.32
to 2.56 kg�ha–1).

Except for PPC, leaf length was
affected by all treatments. CM, FS,
and EP caused a reduction in leaf

Table 4. Plant growth regulators applied at increasing rates on pot-grown
‘Patriot’ hybrid bermudagrass to control stolon development and elongation:
turf color (1–9 scale) recorded at 2 weeks after treatment.

Application ratez

Active ingredienty

TE CM PB PPC DQ FS GP EP GA

Turf color (1–9 scale)x

Control 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
R1 7.5 6.8 7.4 6.4 6.5 7.2 6.4 7.2 6.4
R2 7.8 7.1 7.6 6.3 6.7 7.1 6.5 6.9 6.3
R3 7.0 6.9 7.6 6.6 6.4 7.3 6.6 6.8 6.1
R4 7.2 7.0 7.4 6.5 6.2 7.0 6.2 7.3 6.2
R5 6.8 6.6 7.3 6.7 6.1 7.4 4.5 7.0 5.6
R6 5.2 6.4 7.4 7.1 6.3 6.5 3.0 6.5 5.4
R7 2.1 5.9 7.5 7.2 4.0 6.9 - 5.9 5.5
R8 1.0 6.0 7.0 6.9 2.0 6.5 - 5.8 5.0
LSD (0.05)w 0.5 0.6 NS

v
NS 0.6 NS 0.7 0.6 0.8

zR1 to R8 represent increasing rates in the application of the different active ingredients. Each increase in rate is
obtained by doubling the active ingredient concentration in the sprayed mix. Actual rates vary depending on the
active ingredient (Table 2).
yTE = trinexapac-ethyl; CM = chlormequat; PB = paclobutrazol; PPC = propiconazole; DQ = diquat; FS =
flazasulfuron; GP = glyphosate; EP = ethephon; GA = gibberellic acid (GA3).
xTurf color was visually assessed and values are reported on a 1 to 9 scale, with 1 indicating light green and 9
indicating dark green.
wFisher’s protected least significant difference for P £ 0.05.
vNonsignificant at P £ 0.05.

Table 5. Plant growth regulators applied at increasing rates on pot-grown
‘Patriot’ hybrid bermudagrass to control stolon development and elongation:
turf height measured at 4 weeks after treatment.

Application ratez

Active ingredienty

TE CM PB PPC DQ FS GP EP GA

Turf ht (mm)x

Control 53 53 53 53 53 53 53 53 53
R1 35 38 35 48 50 43 52 45 55
R2 29 34 32 52 41 51 40 37 59
R3 19 32 29 53 37 54 40 37 63
R4 20 30 30 49 37 50 25 42 65
R5 18 28 21 57 38 50 11 45 80
R6 14 28 15 48 36 49 17 42 90
R7 11 28 18 49 25 45 - 36 105
R8 9 30 14 48 25 49 - 28 135
LSD (0.05)w 10 8 10 NS

v 11 NS 12 8 15
zR1 to R8 represent increasing rates in the application of the different active ingredients. Each increase in rate is
obtained by doubling the active ingredient concentration in the sprayed mix. Actual rates vary depending on the
active ingredient (Table 2).
yTE = trinexapac-ethyl; CM = chlormequat; PB = paclobutrazol; PPC = propiconazole; DQ = diquat; FS =
flazasulfuron; GP = glyphosate; EP = ethephon; GA = gibberellic acid (GA3).
xTurf height was measured with a ruler and a rising disk with specific density of 0.75 kg�m–2 (0.154 lb/ft2); 1 mm =
0.0394 inch.
wFisher’s protected least significant difference for P £ 0.05.
vNonsignificant at P £ 0.05.
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elongation starting from the lowest
application rate (R1), with little effect
following further increases in the rate
applied (Table 6). TE, PB, DQ, and
GP also reduced leaf length, but with
a stronger association with the applica-
tion rate. In comparison with the con-
trol, shorter leaves were recorded at
R1 for TE (0.5 kg�ha–1), at R5 for PB
(8.0 kg�ha–1), atR2 forGP (0.1 kg�ha–1),
and at R7 (3.2 kg�ha–1) for DQ. As
expected, GAwas again the only active
ingredient to stimulate leaf elonga-
tion with the leaf length ranging from
5.5 to 7.7 cm when GA was applied
at rates from R1 to R8 (0.02 to
2.56 kg�ha–1), with 3.6 cm recorded as
the average length in untreated con-
trol pots.

In untreated control pots, there
was an average of 26 stolons per pot
(Table 7). This average was unaf-
fected by the application of FS and
EP at any of the application rates
tested in the trial. CM, DQ, and GP
enhanced stolon production com-
pared with the control at R1 and
R2. PB had the same effect only at
R1. This effect of stimulation on
stolon production was not consistent
when CM was applied at higher rates
than R2, while it reverted to an
inhibiting effect when PB, DQ, and
GP were applied at rates equal or
higher than R3, R6, and R4, respec-
tively. TE and PPC did not produce
any effect on stolon number with R1
to R3 application rates. For higher
rates, the treatments reduced the
number of stolons compared with
the control pots. GA had no effect
on stolon number at R1 and R2
application rates, while higher appli-
cation rates reduced the number of
stolons per pot. In addition a prevail-
ing vertical growth of stems was as-
sociated with increasing application
rates of GA, which probably explains
the reduced number of stems with
the morphological characteristics of
stolons.

Mean stolon length recorded in
control pots was 6.8 cm, and treat-
ments with CM did not affect this
parameter (Table 8). The pots treated
with TE, PB, and PPC produced
shorter stolons than untreated pots
when products were applied at rates
equal or higher than R3 (2.0 kg�ha–1),
R2 (1.0 kg�ha–1), or R8 (6.4 kg�ha–1),
respectively.

For DQ, the lowest rates did not
have any effects on stolon length

while, starting fromR5 (0.8 kg�ha–1),
increasing rates led to progressively
increased lengths, withR8 (6.4 kg�ha–1)
that yielded stolons that were on
average 10.3 cm long. A similar effect
was observed for GP, which induced
a stolon elongation for rates ranging
from R2 to R6, equivalent to appli-
cation rates from 0.05 to 1.6 kg�ha–1.
For FS, EP, and GA, the response
of the stolon mean length to appli-
cation rate was not linear. Plants
had longer stolons compared with

control pots when treated with FS
at rates from R1 to R5, with EP at
rates from R1 to R6, and with GA
at rates from R1 to R7. With fur-
ther increases in the rates of EP and
GA, stolon length was not statisti-
cally different from the control. On
the other hand, the treatments with
FS at R7 and R8 application rates
(0.064 and 0.128 kg�ha–1) pro-
duced the reverse effect, thus sto-
lons had a shorter length than the
control.

Table 6. Plant growth regulators applied at increasing rates on pot-grown
‘Patriot’ hybrid bermudagrass to control stolon development and elongation:
leaf length measured at 4 weeks after treatment.

Application ratez

Active ingredienty

TEz CM PB PPC DQ FS GP EP GA

Leaf length (cm)x

Control 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
R1 2.4 2.3 2.8 3.0 3.6 2.5 3.5 1.9 5.5
R2 1.6 2.6 2.5 2.9 3.8 2.3 2.5 1.6 5.9
R3 1.5 2.1 2.4 2.3 3.5 2.2 2.4 1.8 6.0
R4 1.8 2.2 2.2 3.7 3.6 2.5 2.4 1.9 6.2
R5 1.5 1.9 1.2 3.7 3.2 2.4 1.8 1.8 6.4
R6 1.3 1.9 0.5 3.5 2.6 2.3 1.7 1.7 6.5
R7 0.7 2.1 0.7 2.7 1.9 2.3 - 1.4 6.7
R8 0.4 2.3 0.6 2.8 1.9 2.5 - 1.4 7.7
LSD (0.05)w 1.1 1.0 1.5 NS

v 1.6 1.1 0.9 1.0 1.4
zR1 to R8 represent increasing rates in the application of the different active ingredients. Each increase in rate is
obtained by doubling the active ingredient concentration in the sprayed mix. Actual rates vary depending on the
active ingredient (Table 2).
yTE = trinexapac-ethyl; CM = chlormequat; PB = paclobutrazol; PPC = propiconazole; DQ = diquat; FS =
flazasulfuron; GP = glyphosate; EP = ethephon; GA = gibberellic acid (GA3).
xLeaf length was measured with a ruler; 1 cm = 0.3937 inch.
wFisher’s protected least significant difference for P £ 0.05.
vNonsignificant at P £ 0.05.

Table 7. Plant growth regulators applied at increasing rates on pot-grown
‘Patriot’ hybrid bermudagrass to control stolon development and elongation:
number of stolons per pot measured at 4 weeks after treatment.

Application ratez

Active ingredienty

TEz CM PB PPC DQ FS GP EP GA

Stolons (no./pot)x

Control 26 26 26 26 26 26 26 26 26
R1 28 42 37 21 35 25 37 30 20
R2 24 35 29 21 32 20 38 31 21
R3 22 32 20 20 24 21 21 28 14
R4 15 34 18 13 22 23 13 28 13
R5 13 32 16 12 23 21 4 26 10
R6 10 31 15 10 20 24 7 25 8
R7 5 29 5 7 19 20 - 24 2
R8 6 26 6 9 15 24 - 22 3
LSD (0.05)w 8 7 5 7 6 NS

v 10 NS 7
zR1 to R8 represent increasing rates in the application of the different active ingredients. Each increase in rate is
obtained by doubling the active ingredient concentration in the sprayed mix. Actual rates vary depending on the
active ingredient (Table 2).
yTE = trinexapac-ethyl; CM = chlormequat; PB = paclobutrazol; PPC = propiconazole; DQ = diquat FS =
flazasulfuron; GP = glyphosate; EP = ethephon; GA = gibberellic acid (GA3).
xValues refer to stolons exceeding the pot rim.
wFisher’s protected least significant difference for P £ 0.05.
vNonsignificant at P £ 0.05.
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The mean internode diameter of
untreated plants was 1.4 mm and
most of the active ingredients tested
in the trial did not affect this trait at
any of the rates at which they were
applied (Table 9). Exceptions were
observed for TE, PB, and GA. Re-
ductions of the internode diameter
compared with the control were
recorded for all rates of TE, in the
range R6 to R8 for PB (equivalent to
rates varying from 16 to 64 kg�ha–1)
and in the range R5 to R8 for GA
(equivalent to rates varying from 0.32
to 2.56 kg�ha–1).

Mean internode length recorded
in the control pots was 2.8 mm, and
this length was unaffected by treat-
ments with CM, PPC, DQ, FS, and
GA (Table 10). PB reduced the in-
ternode length in all the range of
treatments, whereas TE and EP re-
duced internode length compared
with the control for application rates
equal or higher than R3 (2.0 kg�ha–1)
and R7 (128.0 kg�ha–1), respectively.

GP led to an increase in inter-
node elongation. Rates from R3 to
R6 (0.08 to 0.64 kg�ha–1) caused the
internodes to assume an average
length of 4.3 mm with an increase of
53.6% compared with the untreated
control.

Aerial biomass collected in the
untreated control was 3.4 g/pot and
its production was negatively affected
by the increasing application rates of
all the products except GA (Table 11).
The lowest application rate (R1) was
effective in reducing biomass only for
DQ (0.05 kg�ha–1). CM, PB, and EP
started producing a reduction of bio-
mass fromR2 (4.0, 1.0, and4.0 kg�ha–1,
respectively). TE and GP reached
a lower biomass production at rates
equal or higher than R3 (2.0 and
0.2 kg�ha–1, respectively), while PPC
and FS reached it at rates equal or
higher than R6 (1.6 and 0.032 kg�ha–1,
respectively). GA produced an increase
in biomass production when applied at
2.56 kg�ha–1 (R8).
Discussion

Of the tested active ingredients
only TE, PB, and PPC consistently
reduced stolon length. Results for
TE applied at rates higher than the
labeled range are in accordance with
observations reported by Volterrani
et al. (2012). Although PB was
reported to be ineffective in con-
trolling lateral stolon growth when

applied on st. augustinegrass (Steno-
taphrum secundatum) at rate of 1.12
kg�ha–1 (McCarty et al., 2004), in this
study application rates of PB equal or
higher than 1.0 kg�ha–1 had a signifi-
cant effect on ‘Patriot’ hybrid bermu-
dagrass stolon length. Available data
on clipping reductions are confirmed
in this study. The reduced elonga-
tion of stolons recorded for PPC in
bermudagrass seems to confirm the
ability of triazoles to interfere with
plant hormones that are involved in

cell elongation and division (Hartwig
et al., 2012). Contrary to findings
reported by Youngner and Nudjie
(1974), CM had no detectable effect
on stolon elongation.

Increasing the application rate
of DQ and GP led to stolon elonga-
tion, while increasing rates of FS, EP,
and GA produced inconsistent ef-
fects with lower rates inducing elon-
gation, and higher rates losing this
effect (EP and GA) or reducing the
length (FS).

Table 8. Plant growth regulators applied at increasing rates on pot-grown
‘Patriot’ hybrid bermudagrass to control stolon development and elongation:
mean stolon length measured at 4 weeks after treatment.

Application ratez

Active ingredienty

TEz CM PB PPC DQ FS GP EP GA

Mean stolon length (cm)x

Control 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8
R1 6.7 6.9 6.1 7.0 6.8 14.0 8.6 9.2 8.3
R2 6.5 8.0 5.0 6.9 7.2 16.7 8.9 9.3 8.6
R3 4.6 8.1 4.0 7.2 8.0 15.4 15.4 9.4 8.4
R4 4.4 7.4 2.7 7.7 8.3 9.6 15.6 8.7 8.9
R5 4.5 7.2 1.6 8.3 8.8 8.5 15.0 9.8 11.0
R6 2.7 6.9 1.3 8.3 9.8 6.3 11.0 9.0 11.1
R7 2.6 6.2 0.7 5.5 9.8 5.5 - 7.8 9.0
R8 1.3 6.0 1.5 4.2 10.3 4.6 - 7.8 5.8
LSD (0.05)w 0.8 NS

v 0.8 1.6 1.9 0.7 1.9 1.2 1.1
zR1 to R8 represent increasing rates in the application of the different active ingredients. Each increase in rate is
obtained by doubling the active ingredient concentration in the sprayed mix. Actual rates vary depending on the
active ingredient (Table 2).
yTE = trinexapac-ethyl; CM = chlormequat; PB = paclobutrazol; PPC = propiconazole; DQ = diquat; FS =
flazasulfuron; GP = glyphosate; EP = ethephon; GA = gibberellic acid (GA3).
xMean stolon length was calculated on stolons exceeding the pot rim; 1 cm = 0.3937 inch.
wFisher’s protected least significant difference for P £ 0.05.
vNonsignificant at P £ 0.05.

Table 9. Plant growth regulators applied at increasing rates on pot-grown
‘Patriot’ hybrid bermudagrass to control stolon development and elongation:
mean internode diameter measured at 4 weeks after treatment.

Application ratez

Active ingredienty

TEz CM PB PPC DQ FS GP EP GA

Mean internode diam (mm)x

Control 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
R1 1.2 1.6 1.6 1.3 1.4 1.5 1.2 1.4 1.4
R2 1.2 1.6 1.6 1.4 1.5 1.5 1.2 1.4 1.5
R3 1.2 1.5 1.7 1.3 1.3 1.5 1.2 1.4 1.4
R4 1.2 1.4 1.5 1.4 1.2 1.5 1.3 1.5 1.3
R5 1.2 1.5 1.3 1.4 1.2 1.5 1.1 1.4 1.1
R6 1.1 1.5 0.9 1.4 1.3 1.5 1.2 1.2 1.0
R7 1.0 1.4 0.9 1.2 1.3 1.4 - 1.3 0.9
R8 0.8 1.4 0.9 1.3 1.3 1.4 - 1.4 0.7
LSD (0.05)w 0.2 NS

v 0.4 NS NS NS NS NS 0.2
zR1 to R8 represent increasing rates in the application of the different active ingredients. Each increase in rate is
obtained by doubling the active ingredient concentration in the sprayed mix. Actual rates vary depending on the
active ingredient (Table 2).
yTE = trinexapac-ethyl; CM = chlormequat; PB = paclobutrazol PPC = propiconazole; DQ = diquat; FS =
flazasulfuron; GP = glyphosate; EP = ethephon; GA = gibberellic acid (GA3).
xMean internode diameter measured by a micrometer on 10 random internodes per pot; 1 mm = 0.0394 inch.
wFisher’s protected least significant difference for P £ 0.05.
vNonsignificant at P £ 0.05.
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Although the reduction in sto-
lon length obtained with PPC was
not associated with an effect on in-
ternode length, when TE and PB
were applied at R3 and R2, respec-
tively, they reduced internode length
from the reference value of 2.8 cm
(untreated control) to 1.3 and 1.8
with reductions of 54% and 36%,
respectively.

For TE, PB, and PPC, the effects
on stolon length reduction were often
associated with a reduction in the

number of stolons per pot. The only
two treatments that reduced stolon
length without reducing the number
of stolons were TE at R3 and PB at
R2. Further effects on plant morphol-
ogy of TE applied at R3 were thinner
stolons and shorter leaves compared
with the untreated control.

Applying TE at R3 and PB at R2
did not affect the turf characteristics
such as leaf burn or turf color, while
turf height and aerial biomass were
reduced by both treatments.

The application of 2.0 kg�ha–1 of
TE or 1.0 kg�ha–1 of PB could repre-
sent potential suppression strategies
of stolon elongation in pot-grown
plants of hybrid bermudagrass.
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