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 Summary
Compact and well branched ornamental pep-

pers are commercially preferred. Plant growth reg-
ulators (PGR) and pinching, removal of shoot apices, 
are used to create ornamentals with high aesthetic 
value. Trinexapac-ethyl (TE) is a foliarly absorbed 
plant growth regulator (PGR) and belongs to acylcy-
clohexadione chemical family that inhibits gibberellic 
acid biosynthesis. The objective of this study was to 
investigate possibility of using TE as a PGR in orna-
mental pepper (Capsicum annuum L.) production to 
suppress vertical growth and/or substitute for pinch-
ing to produce more compact and quality plants. The 
0, 2, 4, 8, and 12 ppm TE was foliarly applied onto 
either pinched or non-pinched plants. Pinching and 
TE reduced the canopy height up to 25% and 38%, 
respectively. TE along with pinching reduced Height/
Diameter (H/D) ratio from 2.3 down to 1.5, a more 
commercially desired compactness. TE increased 
the chlorophyll content and total fruit number. TE 
may substitute costly pinching treatment for growth  
control. The absence of phytotoxicity and improved 
production may justify recommendation of TE for 
commercial ornamental pepper production.

Keywords
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Significance of this study
What is already known on this subject?
• Pinching and/or plant growth regulators (PGR) (i.e., 

paclobutrazol, daminozide) are used to improve 
compactness of ornamental plants. Pinching increases 
the production cost and use of paclobutrazol has 
been revoked in some EU member states and use 
of daminozide restricted. Trinexapac-ethyl (TE) is 
registered for height control of grasses. However, 
the efficacy of TE on growth of ornamental pepper is 
unknown. 

What are the new findings?
• TE and pinching reduced the canopy height and 

Height/Diameter (H/D) ratio. TE delayed the fruit set 
but increased the total fruit number and chlorophyll 
content without causing phytotoxicity. 

What is the expected impact on horticulture?
• TE may offer a safer PGR alternative in production 

of commercially acceptable compact plants and may 
substitute pinching treatment, providing an economic 
advantage. Results of this study on ornamental pepper 
and of previous report on chrysanthemum indicate 
that TE as PGR may find a larger use on other dicot 
ornamental species. 

Eur. J. Hortic. Sci. 80(6), 280–287 | ISSN 1611-4426 print, 1611-4434 online | http://dx.doi.org/10.17660/eJHS.2015/80.6.3 | © ISHS 2015

Trinexapac-ethyl modifies plant architecture of ornamental 
pepper
S. Sever Mutlu and N. Kurtulan
Department of Landscape Architecture, Faculty of Agriculture, University of Akdeniz, Antalya, Turkey

Original article
German Society for 
Horticultural Science

Introduction
With small, brightly colored fruits and dense foliage, Cap-

sicum annuum L. is a popular ornamental plant. The diversity 
of plant and fruit types have enabled the ornamental pepper 
to be used for pot and bedding landscape plants, cut stems 
and novelty uses (Stommel and Griesbach, 2004). Easy prop-
agation by seed, a relatively short cropping time, heat and 
drought tolerance, excellent keeping quality and fruit pro-
duction until frost following transplanting outdoors are well 
known merits of ornamental pepper (Starman, 1993). Pinch-
ing, removal of shoot apices by hand or mechanical means, is 
a costly process. It increases lateral branching by overcoming 
apical dominance (Love, 1975). Although, the need for pinch-
ing is one drawback of growing ornamental pepper (Hammer, 
1980; Ball, 1985); it supports branching and reduces height 
of the plants (Larson, 1980; Nau, 1989). Use of plant growth 
regulators (PGR) as a substitute to pinching, may offer the 
opportunity of reducing labor costs (Meijon et al., 2009). The 
majority of PGRs used in ornamental plant culture are in-
hibitors of gibberellin (GA) biosynthesis used to control the 
size of plants, and improve compactness (Halmann, 1990; 

Nelson, 1998; Basra, 2000). There are three different classes 
of commercial PGRs with this mode of action. The first class 
of GA biosynthesis inhibitors is onium-type compounds such 
as chlomequat chloride, which block the biosynthesis of GAs  
directly before ent-kaurene, a very early step in GA biosyn-
thesis (Rademacher, 2000). A second class, primarily root- 
absorbed retardants, acts as inhibitors of monooxygenases 
catalyzing oxidative steps from ent-kaurene to ent-kaureno-
ic acid early in the GA biosynthesis pathway (Rademacher, 
2000). They are represented by paclobutrazol, uniconazole, 
ancymidol and flurprimidol and commonly used in the or-
namental plant production. Researchers have reported 
varying degrees of success in controlling vegetative growth 
and promoting compactness of ornamental pepper with  
paclobutrazol and uniconazole (Aloni and Pashkar, 1987; 
Starman, 1993; Whipker et al., 2000; Grossi et al., 2005). A 
third class of PGRs, is foliarly absorbed and their mode of 
action is inhibition of late stages of GA biosynthesis. They 
inhibit the soluble oxygenases that require 2-oxogulataric 
acid as a cofactor (Rademacher, 2000). Daminozide, pro-
hexadione-calcium and trinexapac-ethyl (TE) [4-(cyclopro-
pyl-α-hydroxy methylene)-3,5-dioxocyclohexane carboxylic 
acid ethylester] belong to this third class. They are structural 
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mimics of 2-oxoglutaric acid and act competitively with 2-ox-
ogulutaric acid to inhibit the 3-β-hydroxylase conversion of 
GA20 to GA1 (Rademacher, 2000) resulting in reduced shoot 
elongation. 

Although, daminozide was used for many years as 
growth retardant, its importance has declined markedly in 
recent years, particularly for edible crops due to its toxico-
logical concerns (Rademacher, 2000).  However, the United 
States Environmental Protection Agency has classified TE as 
a reduced risk compound, because of the negligible toxico-
logical effects on mammals (EPA, 2015). Moreover, it has a 
low potential for bioaccumulation in the environment with 
the half-lives of a few hours to a few days in the plants (Zhang 
et al., 2014) and in soil (EPA, 2015).

TE has been labeled for use on turfgrasses since 1991 
(Watschke and Dipaola, 1995). By inhibiting cell elonga-
tion, TE was shown to increase mesophyll cell density and 
chlorophyll concentration, resulting in more dwarf shoots  
(Ervin and Koski, 2001; Heckman et al., 2005; McCullough et 
al., 2006a, 2006b). Depending on application rate, time and 
species, suppression of turfgrass growth by TE was reported 
to exceed 40% and reach up to 80% for 4 to 5 weeks after 
application under field conditions (Johnson, 1992; Qian and 
Engelke, 1999; Fagerness and Yelverton, 2000; Severmutlu 
et al., 2012). Although effects of TE on turfgrass have been 
well studied, research regarding the influence of TE on her-
baceous ornamentals is very limited (Gardner and Metzger, 
2005). The efficacy of TE was comparable or superior to 
other growth regulators used in commercial production of 
chrysanthemum (Dendranthema × grandiflora), with po-
tential advantages of predictable dose-dependent response, 
almost no phytotoxicity, and relatively short duration of ef-
fectiveness (Gardner and Metzger, 2005). In azalea, a woody 
plant, TE, daminozide, and prohexadione-calcium sup-
pressed the plant height similarly (50–55%) while only pro-
hexadione-calcium and TE enhanced branching (Marosz and 
Matysiak, 2005). We are unaware of any published reports 
concerning the specific effects of TE on growth of ornamen-
tal pepper. Therefore, the objective of this research was to 
evaluate effect of TE and pinching on plant growth and com-
pactness of sweet ornamental pepper plants. 

Materials and methods
C. annuum ‘M402’ is a tall ornamental pepper line (Bir-

can Seed Co., Antalya, Turkey). The unique variegated foliage 
color with hues of green to purple and non-pungent attrac-
tive fruit of ‘M402’ makes this line suitable for ornamental 
applications. The seeds were sown 13 February 2013 in 
bedding plant flats containing a mixture of peat, perlite and 
vermiculite (6:2:1) and placed under intermittent mist un-
til emergence. The seedlings were grown in vials until first 
true leaves were fully grown, and then they were transplant-
ed into the pots. Single seedling was transplanted into each 
15 x 15 cm plastic pots filled with peat, perlite and vermic-
ulite (3:2:1) on 13 March. Plants were grown in a 28 day/20 
night ±4°C greenhouse at the Akdeniz University, Antalya, 
Turkey, and pots were irrigated as needed. All plants were 
fertilized twice per week using 20N-4.4P-16.6K at 140 mg N 
L-1 until fruit set, then fertilizer concentration was reduced 
by half. Half of the plants were pinched to four nodes bot-
tom, 6 weeks after sowing on 29 March 2013. Plants were 
treated with TE (Primo 1EC, Syngenta Crop Protection Corp., 
Greensboro, NC) as a spray to the foliage 8 weeks after sow-
ing (i.e., two weeks after pinching). TE concentrations of 0, 
2, 4, 8, and 12 ppm were applied at 6.7 mL of solution per 

pot. The mean spray volume per pot was 6.7 mL where the 
sprayer (model LV-32; Sprayco, Inc., Detroit) was calibrated 
to deliver 6.7 mL of solution for each eight full depressions 
of the trigger mechanism. The spray volume was monitored 
by spraying into a 10-mL erlenmeyer flask before TE appli-
cation and after application to every five pots. Control plants 
were sprayed with water only. Study was terminated at eight 
weeks after TE application. Treatments were arranged as 2 × 
5 factorial with two pinching treatments (pinched and non-
pinched) and five TE concentrations (0, 2, 4, 8, and 12 ppm) 
in a randomized complete block design with three replica-
tions. Each replication contained five pots per treatment, 120 
pots in total. 

The canopy height and diameter, leaf chlorophyll con-
tent, fruit number and diameter and plant dry weight were 
collected. The canopy height was measured weekly from the 
bottom of the pot to the top of the plant, and pot height (10 
cm) was subtracted from the total measurement. Canopy di-
ameter was measured weekly across the top of the plant at 
two directions perpendicular to one another. For aesthetic 
value, the height per diameter ratio (H/D), an ornamental 
parameter, was calculated using plant height and average 
diameter according to Meijon et al. (2009). The H/D ratio 
of 1 corresponds to perfect compactness. To indirectly mea-
sure leaf chlorophyll content a hand held chlorophyll meter 
(SPAD-502 Spectrum Technologies Inc., Plainfield, IL) was 
used. Chlorophyll content measurements were taken weekly 
from youngest fully expanded three leaves at each pot. The 
count of fruit was determined on each plant weekly from 
four to eight weeks after TE application. Fruit diameter was 
determined on three randomly selected mature fruits on 
each pot using digital calipers at eight weeks after TE appli-
cation. Fresh and dry weights were recorded at the end of the 
experiment. To determine dry weight, plants were harvested 
from surface of the soil and oven dried at 70°C for 72 hours. 
For the presentation of results regarding growth suppression 
and fruit yield, the parameter ‘Percent change’ was used, and 
calculated as 100 × [(responsex – response0) / (response0)], 
with response0 denoting control plants (non-pinched and no 
TE treatment). 

Analysis of variance was used in data analysis (SAS Proc 
GLM; SAS Institute, Cary, N.C.). Means were separated us-
ing Fisher’s protected least significant difference procedure 
when the F-test indicated significance at P < 0.05. 

Results
There were no interactions between pinching and TE 

factors at most of the evaluation dates but the main effects 
were highly significant for the canopy height and diameter, 
relative chlorophyll content, fruit number, and dry weight. 
The results for canopy height are summarized as main effects 
(Table 1a ). Pinching, averaged over all TE rates, reduced the 
plant height by 12 to 17% through eight weeks post TE ap-
plication. As TE concentration increased from 0 to 12 ppm,  
canopy height decreased linearly. The highest reduction,  
averaged over all pinching treatments, was observed with 12 
ppm TE rate by 32% two weeks post treatment (Table 1a). 
The significant suppressive effect of TE doses lasted more 
than eight weeks. For commercial recommendation, the ef-
fect of each factor, pinching and TE rates, are also presented 
separately (Table 1b). The pinching alone reduced the plant 
height between 19 and 25% throughout eight weeks period. 
When TE applied to non-pinched plants, reduction in canopy 
height ranged from 9 to 38% (Table 1b). The combined effect 
of pinching and TE on plant height was a growth suppression 
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Table 1a.  Means and analysis of variance (ANOVA) for canopy height of C. annuum ‘M402’ as influenced by main effects of 
pinching and trinexapac-ethyl (TE) treatments.

Canopy height (cm) 
Treatments Weeks after TE application

2 3 4 5 6 7 8
Pinching
Pinched 31.8 B# 38.1 B 42.2 B 44.7 B 45.8 B 46.5 B 47.0 B
Non-pinched 36.1 A 45.0 A 50.7 A 53.8 A 55.3 A 56.1 A 56.6 A
TE rate (ppm/plant)
0 42.8 a 49.0 a 52.8 a 54.4 a  54.8 a  55.2 a 55.6 a
2 33.9 b 43.1 b 47.4 b 50.1 b 51.5 b 52.3 b 52.5 b
4 33.0 b 40.9 b 45.9 bc 48.8 bc 50.1 bc 50.6 bc 51.1 bc
8 30.8 c 38.5 c 43.9 cd 47.4 cd 49.0 cd 50.0 bc 50.6 bc
12 29.0 c 36.4 c 42.2 d 45.7 d 47.3 d 48.4 c 49.1 c
Source 
Pinching (P) ***§ *** *** *** *** *** ***
TE rate (TE) *** *** *** *** ** *** ***
TE × P ** ns ns ns ns ns ns

# Values in the same column that are followed by same letter were not significantly different from each other according to the LSD (P=0.05).
§ *, **, ***, ns indicating significant at P<0.05, 0.01, 0.001 or nonsignificant, respectively.

Table 1b.  Means and percent reduction for canopy height, and height/diameter ratio (H/D) of C. annuum ‘M402’ as influenced 
by trinexapac-ethyl (TE) rates with and without pinching.

Treatments
Weeks after TE application

2 3 4 6 8 8

Pinching TE rate
(ppm/plant)

Height
(cm)

Reduction
(%)

Height
(cm)

Reduction
(%)

Height
(cm)

Reduction
(%)

Height
(cm)

Reduction
(%)

Height
(cm)

Reduction
(%) (H/D)

Pinched

  0 36.6 -0.25 43.4 -0.21 47.0 -0.20 48.9 -0.20 49.6 -0.19 2.0
  2 32.6 -0.33 40.2 -0.26 44.3 -0.25 47.9 -0.21 49.0 -0.20 1.9
  4 31.6 -0.35 38.0 -0.30 41.8 -0.29 45.5 -0.25 46.8 -0.24 1.7
  8 30.4 -0.38 36.4 -0.33 40.6 -0.31 45.0 -0.26 46.3 -0.25 1.6
12 27.6 -0.44 33.0 -0.40 37.5 -0.36 41.8 -0.31 43.3 -0.30 1.5

Non-
pinched

0 (Control) 48.9  0.00 54.6  0.00 58.7  0.00 60.8  0.00 61.5  0.00 2.3
  2 35.2 -0.28 46.0 -0.16 50.6 -0.14 55.2 -0.09 56.0 -0.09 2.0
  4 34.4 -0.30 44.0 -0.19 50.1 -0.15 54.7 -0.10 55.4 -0.10 1.8
  8 31.2 -0.36 40.6 -0.26 47.3 -0.19 52.9 -0.13 54.9 -0.11 1.8
12 30.5 -0.38 39.9 -0.27 47.0 -0.20 52.8 -0.13 55.0 -0.11 1.8

Lsd (0.05)   2.8   3.3   3.4   3.5   3.6   0.13

Lsd values indicate significant means separation at α =0.05.
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between 20 and 44% (Table 1b; Figure 1). Pinching aver-
aged over all TE rates reduced canopy diameter by 8 to 10% 
while TE  treatment, averaged over all pinching treatments, 
increased it significantly beginning six weeks post treatment 
up to 14% (Table 2). TE rates of 4, 8, or 12 ppm yielded sim-
ilar response on canopy diameter. For commercial recom-
mendation, the effects of TE rates with and without pinching 
are presented in Figure 2. The TE treatment alleviated reduc-
tion in canopy diameter caused by pinching and increased it 
when applied to non-pinched plants. The H/D ratio ranged 
from 1.5 for pinched and 12 ppm TE applied plants to 2.3 for 
control plants eight-week of post TE application (Table 1b). 
Pinching alone had the H/D ratio of 2.0. 

The chlorophyll content was unaffected by pinching 
while TE treatment, averaged over pinching treatments, in-
creased it between 12 and 17% eight weeks post treatment 
(Table 3). Phytotoxicity (discoloration) was not observed on 
plants treated with TE. The increase in chlorophyll content 
was greatest with 12 ppm at 7 and 8 weeks post treatment 
(Table 3). Plant dry weight was 2% higher when pinching 
was applied (Table 3). As the TE concentration increased 
from 0 to 12 ppm, plant dry weight decreased by 6% at 8 
weeks post treatment. 

 The fruit set was increased by 11 to 24% by pinching 
alone and delayed by TE application for two weeks  (Table 
4). Then, TE enhanced the fruit set up to 14% eight weeks 
post treatment. There was a significant interaction between 
pinching and TE treatment for fruit diameter. In the absence 
of TE application, pinching slightly reduced fruit diameter. 
TE treatment reduced the fruit diameter by 3 to 12% and 
reduction by TE was more significant among non-pinched 
plants compared to pinched ones (Table 4).

Discussion
Production of compact, well-branched plants are impor- 

tant aspects of greenhouse pot plant production and pinch-
ing is technically recommended (Nau, 1989). Pinching re-
duced canopy height 25% in this study, similar to reports 
for many ornamental plants (Jhon and Paul, 1995; Kumar 
and Singh, 2002; Dorajeerao and Mokashi, 2012). Results 
indicate that TE was an effective growth regulator for C. an-
nuum and application at 12 ppm rate may substitute pinch-

ing. The added reduction in canopy height provided by TE 
may be highly desirable to obtain commercially acceptable 
plants and needed for tall ornamental pepper cultivars. The 
highest growth suppression in pepper was on the second 
week of post-TE treatments, similar to effects observed on 
turfgrasses (Severmutlu et al., 2012). Results regarding effi-
cacy of TE in pepper support the reports on potted azalea 
(Rhododendron simsii Planch.) where it stimulated leaf de-
velopment (Bodson and Thomas, 1993), reduced the plant 
height by 50% and enhanced branching (Marosz and Maty-
siak, 2005). The TE reduced canopy height between 8% and 
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Figure 1.  Image of the ornamental peppers (Capsicum	annuum L.) with pinching (pinched= P, non-pinched= NP) 
and trinexapac-ethyl (TE) treatments applied at 0, 2, 4, 8 or 12 ppm. 
 
 
 
  

Table 2.  Means and analysis of variance (ANOVA) for canopy 
diameter of C. annuum ‘M402’ as influenced by main effects 
of pinching and trinexapac-ethyl (TE) treatments.

Canopy diameter (cm)
Treatments Weeks after TE application

4 5 6 7 8
Pinching
Pinched 21.6 B 23.2 B 24.8 B 25.9 B 27.0 B
Non-pinched 23.4 A# 25.7 A 27.2 A 28.2 A 29.5 A
TE rate (ppm/plant)
0 22.2 a  23.7 b 24.8 c 25.4 c 25.8 c
2 22.8 a 24.5 ab 25.6 bc 26.6 b 27.4 b
4 22.7 a 24.6 ab 26.2 ab  27.5 ab 29.1 a
8 22.6 a 24.7 ab 26.4 ab  27.6 ab 29.2 a
12 22.4 a  25.0 a  27.0 a  28.1 a 29.5 a
Source 
Pinching (P) ***§ *** *** *** ***
TE rate (TE) ns * ** ** ***
TE x P ns ns ns ns ns

# Values in the same column that are followed by same letter were not 
significantly different from each other according to the LSD (P=0.05).

§ ns, *, **, *** indicating non-significant or significant at P<0.05, 0.01 or 
0.001, respectively.

Figure 1.  Image of the ornamental peppers 
(Capsicum annuum L.) with pinching (pinched= 
P, non-pinched= NP) and trinexapac-ethyl (TE) 
treatments applied at 0, 2, 4, 8 or 12 ppm.
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Table 3.  Means and analysis of variance (ANOVA) for Chlorophyll content and dry weight of C. annuum ‘M402’ as influenced 
by main effects of pinching and trinexapac-ethyl (TE) treatments.

Treatments
Chlorophyll content Dry weight (g)

Weeks after TE application
2 3 4 5 6 7 8 8

Pinching
Pinched 59.4 A 55.2 A 53.5 B 52.9 A 49.5 A 46.8 A 42.7 A 26.1 A
Non-pinched 60.0 A# 55.6 A 55.2 A 54.0 A 49.6 A 46.5 A 42.8 A 25.5 B
TE rate (ppm/plant)
0 58.4 b 52.5 b 51.9 b 51.0 b 46.9 c 44.0 c 38.6 c 26.5 a
2 59.4 ab 55.4 a 54.2 a 53.2 a 49.1 b 46.6 b 43.2 b 26.2 ab
4 60.1 a 55.7 a 54.8 a 53.9 a 50.5 a 46.8 b 43.3 b 25.9 b
8 60.2 a 56.4 a 54.9 a 54.0 a 50.6 a 47.4 ab 43.6 ab 25.4 c
12 60.7 a 57.2 a 56.2 a 54.3 a 51.0 a 48.6 a 45.0 a 25.0 d
Source 
Pinching (P) ns§ ns * ns ns ns ns ***
TE rate (TE) * *** * * *** *** *** ***
TE × P ns ns ns ns ns ns * ns

# Values in the same column that are followed by same letter were not significantly different from each other according to the LSD (P=0.05).
§ ns, *, **, *** indicating nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively.

Table 4.  Means, percent reduction and analysis of variance (ANOVA) for total fruit number and fruit diameter of C. annuum 
‘M402’ as influenced by trinexapac-ethyl (TE) rates with and without pinching.

Treatments
Weeks after TE application

4 5 6 7 8 8 

Pinching TE rate
(ppm/plant)

Fruit 
No.

Reduc.
(%)

Fruit
No.

Reduc.
(%)

Fruit
No.

Reduc.
(%)

Fruit
No.

Reduc.
(%)

Fruit
No.

Reduc.
(%)

Fruit ∅ 
(mm)

Reduc.
(%)

Pinched

  0 2.0   0.20 6.8 0.17 7.5 0.24 7.7 0.16 7.8 0.11 23.01 -0.03
  2 0.9 -0.48 6.5 0.11 7.3 0.21 7.7 0.15 7.9 0.13 22.82 -0.03
  4 0.7 -0.56 5.1 -0.11 6.6 0.09 7.7 0.16 8.0 0.14 22.67 -0.04
  8 0.0 -1.00 4.1 -0.29 6.5 0.08 7.5 0.13 7.8 0.11 22.38 -0.05
12 0.0 -1.00 2.6 -0.55 6.5 0.08 7.2 0.08 7.5 0.07 21.35 -0.10

Non-pinched

0 (Control) 1.7 – 5.8 – 6.1 – 6.7 – 7.0 – 23.62 –
  2 1.2 -0.28 5.3 -0.08 6.2 0.02 7.1 0.06 7.5 0.07 21.62 -0.08
  4 1.1 -0.32 5.3 -0.09 6.5 0.07 7.2 0.08 7.5 0.05 21.19 -0.08
  8 1.0 -0.42 4.8 -0.17 5.4 -0.11 7.1 0.07 7.4 0.06 21.16 -0.10
12 0.9 -0.44 4.7 -0.18 5.3 -0.12 6.9 0.03 7.3 0.04 20.89 -0.12

Lsd (0.05) 0.41 0.70 0.72 0.35 0.33 0.40
Source 
Pinching (P) ***# ns *** *** *** ***
TE rate (TE) *** *** ** * * ***
TE × P ** * ns ns ns **

Lsd values indicate significant means separation at α =0.05.
# ns, *, **, *** indicating non-significant or significant at P<0.05, 0.01 or 0.001, respectively.
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40% on non-pinched chrysanthemum plants (Gardner and 
Metzger, 2005). Although TE is an effective growth regulator 
for many species of Poaceae family, including turfgrasses, it 
is less active in dicots, probably due to relative inability of 
them to hydrolyze the ethylester into the active acid form as 
compared to Poaceae species (Rademacher, 2000). Based 
on this theory, Gardner and Metzger (2005) speculated that 
chrysanthemum is exceptional among dicots. If this is the 
case, the sensitivity of C. annuum to TE at the rates used in 
the present study appears to be an exception, too. 

Although growth inhibition diminished after four weeks 
in chrysanthemum (Gardner and Metzger, 2005), it lasted 
more than eight weeks in the present study, similar to results 
reported in turfgrass (Severmutlu et al., 2012). The post-sup-
pression rebound effect, higher growth rates than untreated 
plants at 4 to 6 weeks after TE application, reported in turf-
grass (Lickfeldt et al., 2001), Matthiola incana (Hisamatsu et 
al., 1998) and chrysanthemum (Gardner and Metzger, 2005) 
has not been observed in pepper. Because absorption, trans-
location, and metabolic saponification are temperature- and 
light-dependent, TE may perform differently in different 
plant species (Rademacher, 2014), as observed in turfgrass-
es and ornamental plants (Gardner and Metzger, 2005; Ma-
rosz and Matysiak, 2005; Severmutlu et al., 2012).

The H/D ratio is a classic ornamental parameter to 
evaluate the vegetative development and aesthetic value of 
ornamental plants where an H/D ratio around one yields 
compact plants with high commercial quality (Bird and Con-
ner, 1999). The results demonstrated that pinching alone re-
sulted in an H/D ratio of 2.0, insufficient to provide desired 
compactness. TE applied to non-pinched plants resulted in 
H/D ratios between 1.8 and 2.0, demonstrating that TE can 
substitute pinching. However, the H/D was 1.5 when 12 ppm 
TE applied to pinched plants, pointing to a more commer-
cially acceptable growth control. Compact, recognizably well 
branched plants obtained with pinching and TE treatments 
may be due to influence of endogenous cytokinin (CK) and 
auxin level. The bud outgrowth is regulated via antagonis-
tic interactions between auxin and CK (Müller and Leyser, 
2011), and they both have been linked to the regulation of 
outgrowth of an axillary meristem into a branch (Janssen et 
al., 2014). If the apical meristem was removed (i.e., pinch-
ing), or freed from auxin inhibition (i.e., TE) axillary buds can 

develop into a stem or flower. Cytokinins have been shown to 
increase branching after pinching (Bangreth, 1994; Turnbull 
et al., 1997; Mader et al., 2003). Exogenously applied cytoki-
nin was also found to have the same effect as pinching (Ban-
greth, 1994; Chen et al., 1997; Faiss et al., 1997). Grossmann 
(1991), reported increased cytokinin levels in plants treat-
ed with gibberellin biosynthesis inhibitors that might be 
responsible for increased plant diameter seen in this study. 
Similarly, TE application on potted azalea produced well 
branched and compact plants (Bodson and Thomas, 1993).

TE application enhanced relative chlorophyll content of 
plants in this study. TE was shown to increase mesophyll cell 
density and chlorophyll concentration in turfgrasses (Ervin 
and Koski, 2001; Heckman et al., 2005; McCullough et al., 
2006a, 2006b). Although, there was no detectable phytotox-
icity by TE in this study, slight phytotoxicity in the form of 
yellowing was reported on chrysanthemum (Gardner and 
Metzger, 2005), and in azalea (Marosz and Matysiak, 2005). 

For marketable ornamental pepper, fruits and plant ar-
chitecture are equally important. Pinching is usually aimed 
at increasing flower number (Love, 1975) and its effects on 
flowering have been reported in ornamental plants (Basa-
varaj, 1984; Ubukata, 1999; Pathania et al., 2000; Sawwan 
and Samawi, 2000). However, little information is available 
as to any effects on fruit yield. Pinching applied six weeks 
after sowing enhanced total fruit number of ornamental pep-
per and slightly reduced fruit diameter in the present study. 
Enhanced fruit yield due to pinching can be attributed to in-
creased number of branches per plant (Malleshappa, 1984). 
In contrast, pinching applied at eight weeks after sowing un-
affected fruit yield and fruit size of C. annuum ‘NM 6-4’ (Mou-
sa, 2012). Time of pinching which effects number of flowers 
per plant (Singh and Baboo, 2003) may explain the inconsis-
tencies between the studies. TE delayed fruit set by 15 days, 
enhanced total fruit number but slightly reduced fruit size 
of ornamental pepper. Smaller fruit size after pinching or 
TE application might be the result of competition between 
increased fruits. TE application delayed and/or reduced 
flowering in azalea (Bodson and Thomas, 1993; Marosz and 
Matysiak, 2005). Increased fruit number following delayed 
fruit set can be attributed to available GA3 as affected by TE. 
In C. annuum, GA3 enhanced fruit set but reduced fruit size at 
maturity (Tiwarı et al., 2012). Blocking of active GA by TE as 
indicated by suppression of growth was highest at two weeks 
post application and delayed fruit set. As the TE effect dimin-
ished from 3 to 8 weeks, released GA probably promoted fruit 
set and increased the yield above the control. The increase in 
the fruit number may also be due to enhanced cytokinin con-
tent promoted by GA inhibitors (i.e., TE) (Grossmann, 1991; 
Rademacher, 2000) and allocation of more carbohydrates to 
the fruits due to reduced vegetative growth (Katz et al., 2003; 
Arzani and Roosta, 2004).

Present study showed that pinching, averaged over all 
TE rates, slightly enhanced plant dry weight while increasing 
TE rates decreased it. Significant increase in fresh and dry 
weight due to pinching was also reported in chrysanthemum 
(Debra and Lewis, 1986; Dorajeerao and Mokashi, 2012) 
and carnation (Dianthus caryophyllus L.) (Kumar and Singh, 
2003).

The efficacy of TE was comparable or superior to other 
growth regulators used in ornamental pepper production. 
Earlier studies have focused on eliminating the need for 
pinching with varying degrees of successes in growth sup-
pression. Etephon (2-chloroethyl phosphonic acid), a syn-
thetic form of ethylene, and dikegulac-sodium, uniconazole 
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Figure 2.  The effect of trinexapac-ethyl (TE) applied at 2, 4, 8 or 12 ppm concentrations and pinching on the canopy 
diameter of C.	annuum ‘M402’. Abbreviations: P0-pinched only; P2, P4, P8, P12-pinched and received 2, 4, 8 or 12 
ppm TE, respectively; NP0- control plants (non-pinched and received no TE); NP2, NP4, NP8, NP12 – non-pinched 
and received 2, 4, 8 or 12 ppm TE, respectively. 
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Figure 2.  The effect of trinexapac-ethyl (TE) applied at 2, 4, 8 
or 12 ppm concentrations and pinching on the canopy diam-
eter of C. annuum ‘M402’. Abbreviations: P0 – pinched only; 
P2, P4, P8, P12 – pinched and received 2, 4, 8 or 12 ppm TE, 
respectively; NP0 – control plants (non-pinched and received 
no TE); NP2, NP4, NP8, NP12 – non-pinched and received 2, 
4, 8 or 12 ppm TE, respectively.
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and paclobutrazol, gibberellin biosynthesis inhibitors, sup-
pressed the plant height similar to TE (Khademi and Khosh-
Khui, 1977; Matta, 1984; Starman, 1993; Whipker et al., 
2000; Mousa, 2012). However, they resulted in deleterious 
effects on fruit characteristics, not seen with TE in pepper.

Conclusion
The results confirm that TE might be used as an effec-

tive growth regulator for ornamental pepper production. 
Enhanced chlorophyll content without visible phytotoxicity 
or any deleterious effects on fruits are advantages of TE. Al-
though, paclobutrazol, member of triazoles, is very effective 
growth inhibitor on a wide range of crops (Davis et al., 1988), 
its use has recently been revoked in some EU member states 
(Larcher et al., 2011). Daminozide belongs to the same chem-
ical family with TE and has been in use as a growth retardant, 
but toxicological concerns limited its use to non-edible appli-
cations (Rademacher, 2000). Thus, the rapid inactivation and 
non-persistency of TE in soil may offer a safer alternative. 
Although, pinching increases cost of commercial ornamental 
pepper, it is routinely used. The results demonstrated that TE 
could substitute pinching for height control. Growers might 
benefit from savings in labor by using TE application to non-
pinched plants. However, results support the use of TE along 
with pinching for production of ornamental peppers with 
the highest commercial quality. In addition, the attractive tall 
pepper varieties may become suitable for landscape use with 
TE application onto pinched seedlings. A second TE applica-
tion at 4–5 weeks intervals should be examined to extend 
growth suppression in future studies.
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