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Summary

Reducing mowing without compromising quality are
the main goals of turf managers. Applications of the
trinexapac-ethyl (TE) [4-(cyclopropyl-α-hydroxym-
ethylene)-3,5-dioxocyclohexane carboxylic acid ethyl-
ester] can restrict leaf growth and hence reduce clip-
ping production of warm-season turfgrass species. The
objective was to: study the effects of seasonal TE appli-
cation on vertical growth suppression and clipping
production of warm-season turfgrass species: Cynodon
dactylon (L.) Pers., Buchloë dactyloides Engelm., Zoysia
japonica Steudel, Paspalum notatum (Flügge), Pas-
palum vaginatum Swartz, and Eremochloa ophiurioides
(Munro) Hack in the Mediterranean region. Applica-
tions of TE to the nineteen seeded-type cultivars were
made to fully established turf plots at a 0.38 kg active
ingredient (a.i.) ha–1 rate in summer or fall. Applica-

tion schedule included a single application, followed
by zero or one sequential application at 4-wk. Overall,
single TE treatment in summer suppressed the vertical
growth up to 8-wk and reduced the clipping produc-
tion up to 72 %. The sequential summer application
extended the suppression up to 5-wk. The mean clip-
ping yield were 21 and 39 % lower than the control
throughout the 15-week in summer; and 65 and 67 %
lower in fall with single and sequential TE applica-
tions, respectively. Results support the use of sequen-
tial application of TE for extended growth suppression
in summer. Suppressing the growth and accelerating
dormancy of warm-season turfgrasses, the fall TE appli-
cation may aid in transition to over-seeded cool-season
grasses.
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Introduction

Bermudagrass, buffalograss, zoysiagrass, centipedegrass,
seashore paspalum, and bahiagrass are warm-season turf-
grasses that possess aggressive summer growth and rela-
tive stress tolerance. They are predominantly used in tem-
perate regions with relatively mild winters, which define
Mediterranean type climates. In the Mediterranean, the
warm-season grasses grow actively for 8 to 10 months each
year; therefore, frequent mowing is needed to maintain
a desirable appearance throughout the growing season.
Because mowing makes up a large part of the cost of main-
taining an acceptable turf, one of the main objectives of
plant growth regulator (PGR) application to warm-sea-
son turfgrass species is to restrict leaf growth and the sub-
sequent need for frequent mowing. Trinexapac-ethyl
(TE) represents a newer generation of growth inhibitors.
It disrupts GA biosynthesis by blocking the 3-β-hydroxy-
lase conversion of GA20 to GA1 (RADEMACHER 2000), and
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was introduced for use in 1991 (WATSCHKE and DIPAOLA

1995). By inhibiting cell elongation, TE was shown to
increase mesophyll cell density and chlorophyll concen-
tration, resulting in more dwarf shoots (ERVIN and KOSKI

2001; HECKMAN et al. 2005; MCCULLOUGH et al. 2006a,
2006c).

Reducing turfgrass shoot growth with TE effectively
reduces mowing requirements, improves sod strength,
and enhances turfgrass tolerance to shade, disease, and
drought stress (JOHNSON 1992a, 1994; GOLEMBIEWSKI and
DANNEBERGER 1998; HONGFEI and FRY 1998; JIANG and FRY

1998; QIAN and ENGELKE 1999; FAGERNESS and YELVERTON

2000; HECKMAN et al. 2001; GOSS et al. 2002; STEINKE and
STIER 2003; MCCARTY et al. 2004; BUNNELL et al. 2005).
Several studies have shown that single or sequential TE
applications both suppress the growth of bermudagrass
and enhance colour and quality (FAGERNESS and YELVERTON

2000; RICHARDSON 2002; MCCULLOUGH et al. 2006a, 2006b,
2006c; ERVIN and ZHANG 2007). However, the duration of
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growth suppression depends on application timing and
ambient temperature (LICKFELDT et al. 2001). TE effectively
reduced vertical shoot growth, and increased stolon pro-
duction, turf density, and quality when applied at high
temperatures (FAGERNESS et al. 2002; MCCULLOUGH et al.
2006c). However, reports are limited and inconsistent as
to the effect of fall TE applications on warm-season turf-
grass species growth response.

Although PGRs have been evaluated extensively on both
cool- and warm-season grasses, studies were limited to one
to a few cultivars of a given species. Most of the TE studies
was on bermudagrass and limited reports were on zoysia-
grass (QIAN et al. 1998; QIAN and ENGELKE 1999; ERVIN et
al. 2002), seashore paspalum (FERRELL et al. 2003), bahia-
grass (JOHNSON 1990; BAKER et al. 1999), and centipede-
grass (JOHNSON 1992b, 1993) and no reports for buffalo-
grass. In this study eight bermudagrasses, five buffalo-
grasses, two zoysiagrasses and bahiagrasses, and one sea-
shore paspalum and centipedegrass seeded type cultivars
were used. Our objective was to evaluate the effects of sea-
sonal (summer and fall) TE applications with single and
sequential application schedule on vertical growth and clip-
ping production of six warm-season species under Medi-
terranean environmental conditions. Results are expected
to aid turfgrass managers by elucidating the growth
response of the warm-season turfgrass species to TE during
periods of both optimum and suboptimum temperatures.

Materials and Methods

Plant Material

The study was conducted at the West Mediterranean Agri-
cultural Research Institute in Antalya province located at
36˚52’ N and 30˚43’ E, Turkey in 2006 and 2007 for the
fall study and in 2007 for the summer study. The soil was
a silty-clay loam (61 % sand, 18 % silt, and 21 % clay)
with 1.4 % organic matter, and an electrical conductivity
(i.e. measure of the soluble salts) of 0.24 dS m–1. Soil on
the site had a pH = 8.4, Olsen extractable Phosphorus (P)
of 22 mg kg–1, and potassium (K) of 117 mg kg–1 (CARSON

1980).Warm-season turfgrass species evaluated included
bermudagrass [(cvs. ‘SWI-1044’, ‘SWI-1045’ (‘Contessa’),
‘Princess 77’, ‘Riviera’, ‘Mohawk’, ‘Sultan’, ‘NuMex Sahara’,
and ‘Blackjack’)], buffalograss (cvs. ‘Cody’, ‘Bowie’, ‘SWI-
2000’, ‘Bison’ and ‘Texoka’), zoysiagrass (cvs. ‘Zenith’ and
‘Companion’), bahiagrass (cvs. ‘Argentina’ and ‘Pensacola’),
seashore paspalum (cv. ‘Sea Spray’), and centipedegrass
(cv. ‘Tifblair’). The species were seeded at the following
rates; bermudagrass and buffalograss at 15 g m–2, centipe-
degrass and seashore paspalum at 5 g m–2, zoysiagrass at
10 g m–2, and bahiagrass at 30 g m–2. Seeds were sown on
12 August 2005.

During establishment, turfs were fertilized at 5 g N m–2

with 15N-6.6P-12.5K, a complex fertilizer, at seeding, and
were irrigated three times daily to maintain a moist soil
surface for three weeks after seeding. Subsequently, turf
was irrigated to prevent visual wilt symptoms. After estab-
lishment, turfs received 17.5 g N m–2 per season with appli-
cations made as 5 g N m–2 in May, June, and July, and
2.5 g N m–2 in August using a slow release 33N-3P-6K
granular fertilizer (Anderson’s, Maumee, OH). Analysis and
soil tests from the samples taken in April 2006 and 2007
before fertilizer applications indicated sufficient P (41 and
38 mg kg–1) and K (102 and108 mg kg–1) levels for turf-
grass growth. Foliar applications of 0.6 g m–2 ferrous sul-
fate (FeSO4) were made throughout the growing season to
alleviate iron chlorosis. Plots were mowed weekly at 50 mm
with clippings removed.

Treatments

Spray applications of TE (Primo MAXX, Syngenta Crop
Protection, Greensboro, NC) were made in fall 2006 and
2007, and summer 2007. The single application was made
on 8 October 2006 (22 °C air temperature, 73 % relative
humidity), and 6 October 2007 (24 °C air temperature,
69 % relative humidity) for the fall studies; and 18 June
2007 (26 °C air temperature, 82 % relative humidity) for
the summer study. Sequential applications were made four
weeks after initial treatments on 9 November 2006 (13 °C
air temperature, 65 % relative humidity), and 6 Novem-
ber 2007 (16 °C air temperature, 88 % relative humidity)
for the fall studies; and 17 July 2007 (32 °C air tempera-
ture, 27 % relative humidity) for the summer study. Wind
speed was negligible (< 5 km h–1) at the time of applica-
tions. TE (120 g a.i. L–1 emulsifiable concentrate) was
applied at 0.38 kg ha–1 with a backpack sprayer calibrated
at 800 L ha–1.

Three treatments were applied: untreated (control),
single TE application at 0.38 kg a.i. ha–1 (single), and one
sequential application four weeks later (sequential) at the
same rate. Turf was mowed 2 d prior to applications. Con-
trol plots were sprayed with water.

Measurements

Evaluation of tissue production was based on clipping
harvest, beginning 1 WAIT to 15 WAIT in the summer
and from 1 WAIT to 9 WAIT in the fall study. Before the
weekly collection of clippings, strips at the front and rear
of each block were mowed to ensure a consistent clipping
collection area. A 53 cm swath through the center of each
strip was mowed to a 50-mm height. The reel mower used
(Honda HLM 530 P) had a clipping collection device
attached to it. Clippings were collected, dried at 72 °C for
48 h, and the dry weight of turfgrass clippings was deter-
mined for each treatment.

Vertical growth suppression (VGS) on each plot was
measured as the difference in weekly vertical growth. A
strip from the middle of plots was mowed at 50 mm and
weekly growth, as difference in height between mowed
and un-mowed parts of the turf, was recorded with a disk
Europ.J.Hort.Sci. 6/2012
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ruler method where a plastic disk was placed on the
mowed area and the distance to canopy measured. The
six measurements for each plot were averaged for each
sampling date. Both dry clipping yield and vertical growth
suppression was converted to percent of non-treated turf
for the presentation of results. The equation used was:

Percent change = 100 × 
[(responsex – response0)/(response0)]

where responsex equalled response of treated turf and
response0 equalled response of non-treated turf (MCCUL-
LOUGH et al. 2007).

The climate was typical Mediterranean with dry-hot
summers and mild-wet winters. Mean monthly ambient
temperatures from the West Mediterranean Agricultural
Research Station in 2006 and 2007 are shown in Fig. 1.
Mean minimum air temperatures were 5–10 °C during win-
ter, and maximum air temperatures were ca. 30–38 °C
during summer.

Experimental Design and Statistical Analysis

The study consisted of 171 plots, 1.5 × 1.5 m in size, con-
taining 19 turfgrass cultivars from six different warm-sea-
son turfgrass species. The experimental design was a rand-
omized complete block with three replications and treat-
ment design was a split-split plot. Main plots were TE treat-
ments, turfgrass species were split-plots and cultivars
nested within species were split-split plots. Species within a
replicate were randomized (blocked) across the field and
cultivars were randomized within each species. Hartley’s F
max test (HARTLEY 1950) was performed to determine
homogeneity of variance between the 2006 and 2007 fall
TE applications. Data for the summer application was ana-
lyzed separately. Treatment differences for vertical growth
suppression and clipping yield of a given species were
tested using analysis of variance procedures with PROC
MIXED (SAS INSTITUTE 1999). Means were separated using
Fisher’s protected least significant difference procedure
Europ.J.Hort.Sci. 6/2012
when the F-test indicated significance at P ≤ 0.05. Simple
linear contrasts were performed on both clipping yield
and vertical growth suppression data so that inferences
about the single or sequential application patterns of TE
could be determined.

Results and Discussions

Hartley’s F max test (HARTLEY 1950) indicated homoge-
nous variance between the 2006 and 2007 fall TE appli-
cations; therefore, combined data were analyzed for the
fall TE treatment. The year and treatment interactions
were not significant for turfgrass growth suppression on
most evaluation dates; thus, data were not reported sep-
arately. TE × cultivar interaction was not significant for
bermudagrass, buffalograss, zoysiagrass and bahiagrass on
most evaluation dates. Therefore, pooled means of cultivars
were used to analyze TE effects on the species.

The effects of summer and fall TE applications on ver-
tical growth suppression and clipping yield of warm-sea-
son turfgrass species were evaluated. There were single or
sequential applications of TE during the warmest periods
of summer (June; and June and July) and fall applica-
tions were carried out in October; and November when air
temperatures were 10 to 20 °C cooler than for the summer
treatments.

Growth Reduction

TE suppressed growth of warm-season turfgrass species
at both high and low temperatures and vertical growth
suppression (VGS) was greater at the lower temperatures
in the fall (Table 1–2). Single summer TE application on
18 June effectively reduced vertical growth on warm-sea-
son turfgrass species. Significant growth reduction, com-
pared to non-treated control that began 1 WAIT lasted for
5 weeks for seashore paspalum and centipedegrass, for six
weeks for buffalograss, for seven weeks for bermuda-
grass, and for eight weeks for zoysiagrass and bahiagrass
Fig. 1. Average monthly
temperatures (°C) in Anta-
lya, Turkey for 2006 and
2007 compared with the
historical average (Anta-
lya Turkish Climatologist
Office 2008).
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(Table 1). The amount of VGS was the highest at 2 WAIT
ranging from 60 to 75 % compared to the control plots.
ERVIN and ZHANG (2007) reported similar findings where

Table 1. The influence of summer trinexapac-ethyl (TE) applica
Antalya, Turkey.

S. Treatm./
Contrast1)

Weeks 

1 2 3 4 5 6

Reduction of vertical growth (% of untreated con

Be3) 1 TE4) –38 –62 –50 –28 –16 –14

2 TE5) –42 –63 –49 –33 –48 –50

06) vs. 1 TE 0.005 0.004 0.004 NS7) 0.008 0.043

0 vs. 2 TE 0.003 0.004 0.005 0.033 0.000 0.000

1 vs. 2 TE NS NS NS NS 0.001 0.001

Bu 1 TE –44 –66 –51 –24 –14 –10

2 TE –35 –63 –53 –24 –36 –45

0 vs. 1 TE 0.003 0.001 0.001 0.046 NS 0.005

0 vs. 2 TE 0.006 0.002 0.001 0.045 0.003 0.000

1 vs. 2 TE NS NS NS NS 0.018 0.000

Zo 1 TE –44 –75 –75 –79 –45 –34

2 TE –37 –76 –78 –82 –64 –74

0 vs. 1 TE 0.001 0.000 0.001 0.000 0.004 0.001

0 vs. 2 TE 0.002 0.000 0.001 0.000 0.001 0.000

1 vs. 2 TE NS NS NS NS NS 0.001

Ba 1 TE –49 –65 –59 –50 –50 –33

2 TE –48 –66 –63 –54 –69 –65

0 vs. 1 TE 0.001 0.000 0.001 0.000 0.001 0.001

0 vs. 2 TE 0.001 0.000 0.000 0.000 0.000 0.000

1 vs. 2 TE NS NS NS NS 0.019 0.001

Sp 1 TE –28 –66 –64 –38 –28 –20

2 TE –24 –71 –64 –46 –62 –62

0 vs. 1 TE 0.023 0.000 0.004 0.009 0.044 NS

0 vs. 2 TE 0.035 0.000 0.004 0.005 0.003 0.011

1 vs. 2 TE NS NS NS NS 0.023 0.010

Ce 1 TE –36 –67 –80 –71 –50 –35

2 TE –36 –73 –78 –66 –61 –81

0 vs. 1 TE 0.020 0.001 0.000 0.000 0.002 NS

0 vs. 2 TE 0.020 0.001 0.000 0.000 0.001 0.003

1 vs. 2 TE NS NS NS NS NS 0.023

S = Species
1) Linear contrast between untreated control and treatments, and 
2) Means for vertical growth were based on six samples per plot, m
3) BE = bermudagrass; Bu = buffalograss; Zo = zoysiagrass; Ba = ba
4) 1 TE = Single TE application was made at 0.38 kg ha–1 on 18 June
5) 2 TE = Sequential TE application was made four weeks after sing
6) 0 TE = NT = nontreated control.
7) NS = not significant at P = 0.05 probability level.
‘Tifway’ bermudagrass showed the highest canopy height
reduction (up to 65 %) at 2 WAIT. JOHNSON (1992a)
reported that TE treatment at 0.2 kg ha–1 in each of two

tion on warm-season grass species vertical growth in 2007,

After Initial Treatment

7 8 9 10 11 12 14 15

trol)2)

–17 –16 –13 –5 0 4 3 7

–56 –35 –24 –19 –9 –4 –5 –5

0.024 NS NS 0.034 NS NS NS NS

0.000 0.003 0.003 0.003 NS NS NS NS

0.001 0.021 0.004 0.036 0.042 NS NS NS

–5 –1 0 5 0 6 8 3

–37 –16 –13 –3 6 13 14 12

NS NS NS NS NS NS NS NS

0.002 0.013 0.040 NS NS 0.011 0.023 NS

0.003 0.018 0.040 NS NS NS NS NS

–19 –15 –9 –9 –6 6 14 14

–56 –50 –41 –26 –16 6 11 8

0.046 0.006 NS NS NS NS NS NS

0.001 0.001 0.001 0.002 0.011 NS NS NS

0.005 0.008 0.001 0.012 NS NS NS NS

–22 –22 –7 –5 –1 0 4 4

–67 –60 –40 –26 –22 –9 –7 –3

0.028 0.009 NS 0.020 NS NS NS NS

0.001 0.000 0.004 0.000 0.001 NS NS NS

0.002 0.001 0.008 0.000 0.001 NS NS NS

–14 –9 –7 –2 0 5 6 15

–69 –41 –34 –29 –10 –1 1 –1

NS NS NS NS NS NS NS NS

0.010 0.014 0.040 0.010 NS NS NS NS

0.020 0.027 0.031 NS NS NS NS 0.022

–21 –18 –12 –10 –11 –6 15 6

–73 –62 –36 –36 –25 –8 13 15

NS NS NS NS NS NS NS NS

0.004 0.004 0.018 0.010 NS NS NS NS

0.015 0.014 0.020 0.030 NS NS NS NS

their respective P-values
easured as the difference in weekly vertical growth.

hiagrass (Ba), Sp = seashore paspalum; CE = centipedegrass
 2007.
le application at 0.38 kg ha–1on 17 July 2007.
Europ.J.Hort.Sci. 6/2012
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applications suppressed common bermudagrass 5 to 7
weeks. Our results show that single TE application at
0.38 kg ha–1 in summer also suppressed seeded-type ber-
mudagrass effectively for seven weeks. A single TE appli-

Table 2. The influence fall trinexapac-ethyl (TE) application o
Turkey, averaged over 2006 and 2007.

Species Treatm./
Contrast1) 1

Reduction of vertica

Bermudagrass 1 TE3) –52

2 TE4) –50

05) vs. 1 TE 0.001

0 vs. 2 TE 0.0017

1 vs. 2 TE NS6)

Buffalograss 1 TE –37

2 TE –38

0 vs. 1 TE 0.001

0 vs. 2 TE 0.001

1 vs. 2 TE NS

Zoysiagrass 1 TE –38

2 TE –36

0 vs. 1 TE 0.005

0 vs. 2 TE 0.002

1 vs. 2 TE NS

Bahiagrass 1 TE –29

2 TE –31

0 vs. 1 TE 0.002

0 vs. 2 TE 0.002

1 vs. 2 TE NS

Seashore paspalum 1 TE –51

2 TE –54

0 vs. 1 TE 0.018

0 vs. 2 TE 0.01

1 vs. 2 TE NS

Centipedegrass 1 TE –28

2 TE –32

0 vs. 1 TE 0.037

0 vs. 2 TE 0.029

1 vs. 2 TE NS

1) Linear contrast between untreated control and treatments, and 
2) Means for vertical growth were based on six samples per plot, m
3) Single TE applications were made at 0.38 kg ha–1 on 8 October 2
4) Sequential TE application were made four weeks after single applic
5) NT = nontreated control.
6) NS = not significant at P = 0.05 probability level.
Europ.J.Hort.Sci. 6/2012
cation was reported to suppress the ‘Diamond’ zoysia-
grass vertical growth by 76 % in the shade (QIAN and
ENGELKE 1999). We also observed 79 % VGS at 4 WAIT
on zoysiagrass plots receiving a single summer TE appli-

n warm-season grass species vertical growth in Antalya,

Weeks After Initial Treatment (WAIT)

3 5 7 9

l growth (% of untreated control)2)

–55 –69 –74 –49

–52 –74 –86 –58

0.0002 0.0001 0.0003 0.005

0.0001 0.0001 0.0001 0.002

NS 0.05 NS NS

–44 –52 –71 –28

–47 –61 –81 –31

0.001 0.001 0.0003 0.045

0.001 0.0008 0.0002 0.032

NS NS NS NS

–45 –67 –71 0

–42 –75 –71 0

NS 0.0001 0.002 NS

0.02 0.0001 0.002 NS

NS NS NS NS

–35 –48 –73 –34

–38 –47 –82 –41

0.005 0.002 0.005 0.047

0.005 0.002 0.003 0.024

NS NS NS NS

–59 –78 –79 –57

–64 –84 –90 –67

0.0068 0.0008 0.011 NS

0.005 0.0007 0.006 NS

NS NS NS NS

–51 –64 –54 –50

–48 –72 –62 –53

0.019 0.029 NS 0.036

NS 0.018 NS NS

NS NS NS NS

their respective P-values
easured as the difference in weekly vertical growth.

006 and 6 October 2007.
ation at 0.38 kg ha–1on 9 November 2006 and 6 November 2007.
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cation. It was reported that one application of TE at
0.8 kg ha–1 effectively suppressed vegetative growth of
bahiagrass for 4 WAIT (JOHNSON 1990), and centipedegrass
for 8 WAIT (JOHNSON 1992b). In our study, a single TE
treatment at about half of this rate suppressed bahiagrass
for eight weeks and centipedegrass for five weeks. JOHNSON

(1992b) also reported that sequential TE application at
0.4 kg ha–1 on centipedegrass suppressed growth so that
mowing was not needed for 10 weeks. With similar sequen-
tial TE rates, we observed that centipedegrass growth was
suppressed over 36 % for 10 weeks, which may nullify
the need to mow. Sequential TE application on 17 July
(4 WAIT) resulted in extending VGS period for 3 weeks
for bermudagrass, buffalograss, zoysiagrass, and bahia-
grass, and for 5 weeks for seashore paspalum and centipede-
grass beyond the effect of single application (Table 1). Sea-
shore paspalum was reported to show up to 96 % reduc-
tion in growth with sequential summer treatment (FERRELL

et al. 2003), and we observed up to 69 % growth suppres-
sion with similar TE rate and timing in summer. Overall,
the highest VGS occurred in centipedegrass and the low-
est in buffalograss. The significant post-inhibition-growth
enhancement, where growth is suppressed for four to six
weeks but in the absence of followup applications growth
surge above normal levels, was only observed on buffalo-
grass at 12 and 14 WAIT with the sequential application.

A single fall TE application on 8 October in 2006 and
6 October in 2007 resulted in inhibition of vertical growth
at all evaluation dates (Table 2). The mean inhibition rate
ranged from 44 to 65 % with a single TE application, and
from 48 to 72 % with sequential TE applications made in
early November. Zoysiagrass was fully dormant at
9 WAIT. Both the amount and duration of VGS were high-
er with fall TE treatments compared to summer treat-
Table 3. The influence of summer trinexapac-ethyl (TE) appli
Antalya, Turkey.

Treatm./
Contrast1)

Weeks A

1 2 3 4 5 6

Dry weight reduction of clippings (% of untreated c

1 TE3) –47 –72 –67 –41 –22 –3

2 TE4) –47 –71 –65 –42 –60 –62

05) vs. 1 TE 0.007 0.003 0.002 0.0006 0.04 NS6)

0 vs. 2 TE 0.007 0.003 0.002 0.0005 0.0004 0.0002 0

1 vs. 2 TE NS NS NS NS 0.004 0.0003 0

1) Linear contrast between untreated control and treatments, and
2) Percent change = 100*[(single TE or sequential TE – nontreated 
3) 1 TE = Single TE application was made at 0.38 kg ha–1 on 18 Jun
4) 2 TE = Sequential TE application was made four weeks after sing
5) 0 TE = NT = nontreated control.
6) NS = not significant at P = 0.05 probability level.
ments. The post-inhibition-growth enhancement was not
observed in the fall treatments. There was significant dif-
ference between the control and single or sequential TE
treatments, but not between the single and two applica-
tions for VGS on most evaluation dates. However, the
amount of growth suppression in fall was always greater
than that in summer. FAGERNESS et al. (2002) also observed
greater growth suppression at lower temperatures, which
may have been due to a longer half-life of TE in cooler
temperatures (BEASLEY et al. 2005), or that TE catabolism
was reduced or the TE was simply more effective with
slower growth as suggested by FAGERNESS et al. (2002).

Clipping Production

Averaged over all species and cultivars, clipping produc-
tion was suppressed up to 72 % following the single sum-
mer TE application. In other studies, summer TE treatment
reduced clipping yields of St. Augustinegrass by 63 %
(MCCARTY et al. 2004), and six dwarf-type bermuda-
grasses by 46 to 69 % (MCCULLOUGH et al. 2005). Overall
clipping yield throughout the 15 WAIT were 21 and 39 %
lower than control plots with single and sequential TE
application, respectively. The highest rate of suppression
was on the second and third weeks of post-TE treatments
for both single and sequential applications (Table 3). Clip-
ping yield suppression was significant for five weeks after
initial application and the sequential treatment of TE at
4 WAIT resulted in extension of the clipping suppression
period through 9 WAIT, after which growth rates increased
to that of the non-treated controls. The percent suppres-
sion of sequential application was significantly higher
than that of single application from 5 to 9 WAIT. There
were non-significant post-inhibition growth enhancements
Europ.J.Hort.Sci. 6/2012

cation on warm-season grass species clipping yield in 2007,

fter Initial Treatment

7 8 9 10 11 12 14 15

ontrol)2)

4 11 14 16 –3 21 17 26

–55 –30 –12 1 –4 20 13 18

NS NS NS NS NS NS NS 0.03

.0020 0.04 NS NS NS NS NS NS

.0012 0.028 NS NS NS NS NS NS

 their respective P-values
control)/(nontreated control)]
e 2007.
le application at 0.38 kg ha–1 on 17 July 2007.
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from 8 to 15 WAIT for a single application and 12 to
15 WAIT for sequential application in summer (Table 3).

In the fall TE treatments, clipping production was sup-
pressed at all evaluation dates, up to 92 %, following both
single and sequential applications (Table 4). However,
mean suppression over the 9 week period were 65 and 67 %
lower than control plots with single and sequential TE
treatments, respectively. The warm-season grasses could
not recover from suppressive effect of TE 9 WAIT in the
fall. Growth suppression by TE was more effective and
persistent in the fall than in summer. Comparison of total
seasonal clipping production for the warm-season turf-
grasses showed that summer TE treatments significantly
reduced the clipping yield for 5 to 9 weeks with single or
sequential applications, followed by slight post-inhibi-
tion-growth enhancement. Clipping reduction in fall with
both treatments was greater and longer than in summer.

In summary, TE treatments in summer and fall resulted
in different responses for growth suppression. The differ-
ence may be attributed to TE × temperature interactions.
The TE effects were positive at higher temperatures with
slower growth and reduced mowing need without compro-
mising from colour and quality after recovering initial neg-
ative impact. In the fall at lower temperatures, TE signifi-
cantly extended the dormancy period of the warm-season
turfgrasses by both shortening fall colour retention and
delaying spring green-up (SEVERMUTLU et al. 2012). Growth
suppression effect was more pronounced with fall treat-
ments than in summer due probably to differences in
metabolic activity and half-life of TE at different temper-
atures. Mowing can be reduced over 60 % for most warm-
season turfgrass species with sequential TE application in
summer under Mediterranean conditions. Application of

Table 4. The influence of Fall trinexapac-ethyl (TE) application
2006 and 2007, in Antalya, Turkey.

Treatm./
Contrast1)

Weeks Af

1 3

Dry weight reduction of clippings (% of untrea

1 TE3) –36 –78

2 TE4) –39 –78

05) vs. 1 TE 0.0018 0.0016

0 vs. 2 TE 0.0014 0.0016

1 vs. 2 TE NS6) NS

1) Linear contrast between untreated control and treatments, and 
2) Percent change = 100*[(single TE or sequential TE – nontreated c
3) 1 TE = Single TE applications were made at 0.38 kg ha–1 on 8 Oct
4) 2 TE = Sequential TE application were made four weeks after sing
6 November 2007.
5) 0 TE = NT = nontreated control.
6) NS = not significant at P = 0.05 probability level.
Europ.J.Hort.Sci. 6/2012
TE in the fall can result in decreased competitiveness
with broadleaf weeds because of the slower growth and
earlier dormancy. However, this response may be advanta-
geous in turf areas where winter overseeding is practiced.
Fall TE application would reduce competiveness of ber-
mudagrass and help transition to cool season species.
Slower growth and decreased competiveness are indicated
as the mechanistic basis for enhanced transition to an over-
seeded cool-season species (FAGERNESS et al. 2002).There-
fore, TE application in fall may be a useful management
tool for managers who practice winter overseeding on
bermudagrass and seashore paspalum turfgrass species.

In conclusion, for most of the warm-season species, a
4 to 5 week sequential application schedule would be
necessary to achieve significant and continuous growth
reduction during summer months.
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