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Abstract. Effects of paclobutrazol and ancymidol on postharvest performance and
growth control of potted sunflower (Helianthus annuus L.), zinnia (Zinnia elegans Jacq.)
and marigold (Tagetes erecta L.), petunia (Petunia X hybrida Vilm.) plugs, respectively,
were studied. Paclobutrazol was applied as a drench at 0, 1.0, 2.0, or 4.0 mg of a.i. per
15.2-cm pot for sunflower and 0, 0.5, 1.0, or 2.0 mg per 12.5-cm pot for zinnia, while
ancymidol was applied at 0, 40, 80, and 160 mg-L~' with a volume of 0.21 L-m~? as
a foliar spray for marigolds or petunia plug crops. With an increase in paclobutrazol dose
or ancymidol concentration, plant growth (plant height and diameter, shoot fresh or dry
weight) was controlled for all species tested. Use of 1.0-2.0 mg paclobutrazol per pot
produced 21% to 28% shorter plants with 12% to 15% smaller plant diameter, 13% to
19% less shoot fresh weight, 15% to 21% less dry weight, and darker green foliage color
for potted sunflower than nontreated plants. Treatment with 1.0-4.0 mg paclobutrazol
per pot delayed first wilting by 0.7-1.4 days compared with nontreated plants. For zinnia,
0.5-1.0 mg paclobutrazol controlled plant growth, produced dark green foliage, and
extended shelf life by delaying first wilting by 2.6-3.9 days and second wilting by 1.4-2.0
days than nontreated plants. For marigold and petunia plugs, 40-80 mg-L~"' ancymidol
provided ample growth control with darker green foliage; however, postharvest
longevity was extended only when plugs were sprayed with 160 mg-L~' ancymidol.
During simulated storage and shipping, plant growth retardants maintained darker
green foliage for potted sunflower, zinnia, and marigold plugs and prevented postharvest
stem elongation of petunia plugs. In summary, use of plant growth retardants effectively
controlled excessive plant growth and extended shelf life of potted plants and plugs.

Plant growth regulators (PGRs) are com-
monly used for ornamental plant production
(Whipker, 2013). Among PGRs, triazoles are
one of the most popular and effective chem-
icals for compact ornamental plant production
(Arnold, 1998; Jiao et al., 1986; McDaniel,
1990). They have been reported more effective
for controlling excessive growth when applied
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as drench or to stems than as foliar sprays
(Davis et al., 1988). However, different triazoles
vary in efficacy on same species (Whipker and
Dasoju, 1998), different cultivars of same
species (Whipker and McCall, 2000), or
among different species (Banko and Stefani,
1988). Among triazoles, paclobutrazol effec-
tively controlled excessive plant growth
without any phytotoxicity, delayed produc-
tion, or loss of flower quality of potted zinnia
(Chen et al., 1993; Kim et al., 1992; Pinto
et al., 2005), marigold (Chen et al., 1993),
oleander (Nerium oleander L.) (Banén et al.,
2001; Singh et al., 2004), Curcuma alismati-

folia Gagnep. (Pinto et al., 2006), Mussaenda

L. (Cramer and Bridgen, 1998), and lavender
(Lavandula stoechas L.) (Papageorgiou et al.,
2002). Paclobutrazol and ancymidol are closely
related nitrogen-containing heterocentric com-
pounds that act on the same three reactions in
the gibberellin (GA) biosynthesis pathway
(Rademacher, 2000).

Plant growth can be affected by concentra-
tion (McDaniel, 1986; Ruter, 1992), application
time (Gilbertz, 1992), number of applications

(Miranda and Carlson, 1980), application
method (Alkhassawneh et al., 2006), formu-
lation/components (Ruter, 1992), and
substrate composition (Barrett, 1982).
Paclobutrazol was effective in controlling
plant size and increasing compactness
(Bandn et al., 2001), lowering water use
(Hickman, 1986; Ahmad et al., 2014), and
decreasing abiotic stresses (Bandn et al.,
2006) in ornamental potted and nursery
plants. Ancymidol is also used extensively
for ornamental plug production and plant
growth management (Miranda and Carlson,
1980; Whipker, 2013) or propagation (Maki
et al., 2005).

Most PGR studies have focused on con-
trolling plant size and limited work has been
reported on secondary effects of PGRs on
postharvest durability, plant water or nutri-
tion use, and ethylene sensitivity. A few
studies have been reported on the role of
paclobutrazol on water stress tolerance in
Arachis hypogaea L., C. alismatifolia, and
Phillyrea angustifolia L. (Fernandez et al.,
2006; Jungklang and Saengnil, 2012; Sankar
et al., 2007). However, to our knowledge, no
studies have been reported on PGR effect on
postharvest durability of bedding plants in
pots and plugs.

The specific objectives of this study were
to 1) elucidate the effects of two PGRs,
paclobutrazol and ancymidol, on postharvest
performance of two ornamental potted plants
and two plug species and 2) optimize the
PGR concentrations for selected floricultural
crops. It was hypothesized that use of PGRs
would improve postharvest durability by
extending shelf life during simulated ship-
ping or marketing.

Materials and Methods

Research was conducted at the Horticul-
ture Field Laboratory, North Carolina State
University, Raleigh, NC, during 2013.

Potted species. Two potted bedding
plants, H. annuus ‘Pacino Gold’ and
Z. elegans ‘Magellan Pink’, were used in
the study. Plants were grown in 36-cell trays
using Fafard 1P (peatmoss and perlite sub-
strate; Fafard, Anderson, SC) potting sub-
strate. Seedlings were transplanted to either
15.2-cm-diameter (total pot volume of
1275 mL, substrate volume of 1000 mL) or
12.5-cm-diameter (total pot volume of 775 mL,
substrate volume of 600 mL) round plastic
pots for sunflower or zinnia, respectively,
containing Fafard 1P, at the two-true-leaf
stage. For 2 weeks after transplanting, plants
were overhead irrigated as needed. After-
ward, 48 h before the PGR applications were
done, plants were subirrigated to field ca-
pacity (FC) followed by draining for 48 h.
The plants were then drenched with 120 mL
solution of paclobutrazol (Piccolo® 10XC;
Fine Americas Inc., Walnut Creek, CA)
providing 0, 1.0, 2.0, and 4.0 mg a.i. per pot
for sunflower, and 60 mL providing 0, 0.5, 1.0,
and 2.0 mg a.i. per pot for zinnia. After PGR
application, plants were grown to marketing
stage, irrigated, and either held at 15 °C for 2
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or 4 d or left in the greenhouse under semi-
shade. Afterward, plants were irrigated and
placed in the greenhouse under shade to mimic
garden center conditions, and their subsequent
postharvest durability, as determined by days
to wilt, leaf color, and postharvest growth, was
recorded. Plants were maintained in a glass
greenhouse under natural daylength and light
intensity with average 25/15 °C (day/night)
temperatures and irrigated every time with
water supplied with 250 mg-L™! nitrogen from
a commercial 20-10-20 water-soluble fertil-
izer intended for soilless substrates (Peters
Professional 20-10-20 PLS; Scotts-Sierra
Horticultural Products Co., Marysville, OH).
The experiment was a completely randomized
design with eight individual plant replications
for both potted plant species comprising a total
96 plants of each species.

Plug species. Two plug crops, T. erecta
‘Moonsong Deep Orange’ grown from seed
and P. xhybrida ‘Suncatcher Coral Prism’
grown from vegetative cuttings and rooted
under mist, were used in the study. Plugs
were grown in 128-cell trays using Fafard 1P
potting substrate. For 1 week after emer-
gence/rooting, plants were irrigated with tap
water as needed. Afterward, when plants
reached the 2- to 3-new-leaf stage, trays were
subirrigated to FC, drained for 30 min, and
sprayed uniformly with ancymidol (Abide®,
Fine Americas Inc.) at 0, 40, 80, and
160 mg-L™' with a volume of 0.21 L-m=.
After PGR application, plugs were grown to
marketing stage, irrigated every time with

water supplied with 250 mg.-L™' nitrogen
from a commercial 20-10-20 water-soluble
fertilizer intended for soilless substrates, and
either held at 15 °C for 2 or 4 d or left in
greenhouse under semishade. Afterward,
plants were irrigated and placed in green-
house under shade to mimic garden center
conditions, and their subsequent postharvest
durability, as determined by days to wilt, leaf
color, and postharvest growth, was recorded.
Growing conditions and management prac-
tices were similar as for potted plants. The
experiment was a completely randomized
design with eight 16-cell (1/8 of the 128 cell)
tray sections (one experimental unit was a
16-cell tray) for both plug-grown species
comprising a total 96 trays of 16 cells.

Data collection. Data were collected on
bud/flower diameter (potted plants only),
days to flower (potted plants only), plant
height and canopy diameter at the end of
production, leaf color at the end of simulated
shipping, days to first and second wilt during
marketing, and plant height and diameter
(potted plants only), shoot fresh weight, dry
weight (after drying at 70 °C for 72 h), and
leaf color at termination. Plant height was
measured from pot rim to top of flower, and
plant diameter was measured at two widest
dimensions perpendicular to each other and
averaged. Days to first wilt were recorded
after irrigation and simulated shipping and
keeping the plants under semishade in green-
house. When each plant exhibited wilting
signs (visible loss of turgidity, typically on the

immature foliage first), days to first wilt were
recorded and again irrigated to FC. When each
plant showed wilting again, days to second wilt
were recorded. Leaf color was measured on
a scale of 1-5, where 1 = yellow, 2 = pale
green, 3 = light green, 4 = green, and 5 = dark
green. The experiment ended when plants
wilted for second time during marketing phase.

Statistical analysis. All the data were
analyzed using the general linear model pro-
cedures of SAS (Version 9.3; SAS Institute,
Cary, NC). Means were separated by trend
analysis or Fisher’s least significance differ-
ence, where appropriate, at P = 0.05.

Results

Potted sunflower. With increasing PGR
dose, plants with shorter height and smaller
diameter were produced (Table 1). Moreover,
paclobutrazol darkened foliage color and ex-
tended postharvest longevity compared with
nontreated plants. Results demonstrated the
long-term efficacy of paclobutrazol with
continued plant growth (plant height, di-
ameter and shoot fresh and dry weight)
control during simulated shipping and mar-
keting. Plants with dark green leaves were
produced when drenched with 2.0-4.0 mg
paclobutrazol. However, plants placed in
simulated retail greenhouse environment
had slightly darker leaves (4.5) compared
with 2 or 4 d simulated shipping in dark at
15 °C (4.2 each). Plants kept in simulated
shipping for 4 d had fewer days for second

Table 1. Effect of paclobutrazol on plant height and diameter at the end of production, leaf color at the end of simulated shipping in the dark, days to first wilt
during marketing, and plant height and diameter, shoot fresh and dry weight, and leaf color at termination of ‘Pacino Gold’ potted sunflower. All data represent

means with s of 24 individual potted plants.

Termination

Paclobutrazol Plant ht Plant diam Leaf Days to first Plant diam Shoot fresh Shoot dry Leaf
(mg a.i.) (cm) (cm) color* wilt (d) Plant ht (cm) (cm) wt (g) wt (g) color*
0 49.1 £0.6 33.6+ 0.4 3.6+0.1 2.5+0.1 523+0.5 282+ 04 166.1 £3.3 257+1.0 3.6+0.1
1.0 38.7+£0.5 29.5+04 43+0.1 32402 42.1+£0.6 26.7+0.3 144.1 £3.0 21.9+0.5 42+0.1
2.0 35.6+0.5 28.7+0.5 44+0.1 3.5+0.1 39.2+0.5 258+0.5 1343+34 202 +0.8 45+0.1
4.0 31.7+ 0.6 26.6 + 0.4 4.6 £0.1 39+0.1 3444+ 0.6 244+ 0.4 1283 +£4.6 19.0+0.8 5.0+ 0.0
Significance¥

Linear <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Quadratic <0.0001 0.0002 0.0027 0.0361 <0.0001 0.0014 0.0122 0.0117

“Rated on a scale of 1-5, where 1 = yellow, 2 = pale green, 3 = light green, 4 = green, and 5 = dark green.

YP values were obtained using general linear model procedures of SAS (version 9.3; SAS Institute, Cary, NC) for significant effects of paclobutrazol

concentrations.
s, Nonsignificant at P > 0.05.

Table 2. Effect of paclobutrazol on flower diameter, days to flower, plant height and diameter at the end of production, leaf color at the end of simulated shipping in
the dark, and days to first or second wilt during marketing phase of ‘Magellan Pink’ zinnia. All data represent means with s of 24 individual potted plants.

Paclobutrazol Flower diam Days to Plant ht Plant diam Days to Days to
(mg a.i.) (cm) flower (d) (cm) (cm) Leaf color” first wilt (d) second wilt (d)¥
0 8.8+0.2 45+0.3 32.6+0.7 29.7+0.4 4.0£0.0 3.8+0.1 2.3+0.1
0.5 72+0.2 46 + 0.4 20.8 £ 0.5 22.7+0.3 4.6 0.1 6.4+0.2 34+0.1
1.0 7.1+£0.2 46 + 0.4 18.1+£0.4 21.1+0.3 5.0+0.0 7.7+0.1 43+0.2
2.0 5.7+0.1 50 0.5 163+04 18.7+0.2 5.0+0.0 8.4+0.2 53+0.2
Significance™
Linear <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Quadratic NS NS <0.0001 <0.0001 <0.0001 <0.0001 0.0026
“Rated on a scale of 1-5, where 1 = yellow, 2 = pale green, 3 = light green, 4 = green, and 5 = dark green.
YDays counted after first wilt.
*P values were obtained using general linear model procedures of SAS version 9.3 for significant effects of paclobutrazol concentrations.
Ns, Nonsignificant at P > 0.05.
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wilt (1.8 d) than the plants in greenhouse
(2.7 d) or at 15 °C for 2 d (2.6 d). Use of
paclobutrazol delayed flowering by 1-2 d;
however, it had no effect on bud diameter
(data not presented).

Potted zinnia. Plants drenched with
0.5-1.0 mg paclobutrazol produced 36% to
44% shorter plant height, 24% to 29% smaller
plant diameter, and 1-d delayed flowering

(Table 2). Use of 1.0 mg paclobutrazol pro-
duced plants with dark green foliage and
delayed first and second wilting by 3.9
and 2.0 d, respectively, during marketing,
compared with nontreated plants. Results
demonstrated the continued effectiveness of
paclobutrazol during simulated shipping and
marketing by controlling plant stretch during
shipping in dark as witnessed by shorter plant

Table 3. Effect of paclobutrazol on plant height and diameter, fresh and dry weight, and leaf color at
termination of ‘Magellan Pink’ zinnia. All data represent means with st of 24 individual potted plants.

Paclobutrazol
(mg a.i.) Plant ht (cm) Plant diam (cm)  Shoot fresh wt (g)  Shoot dry wt (g) Leaf color*
0 38.4+0.9 333+04 742+ 1.6 92+0.2 4.0+0.0
0.5 23.4+0.6 232+0.3 503+ 1.1 5.7+0.1 5.0+0.0
1.0 203 +0.4 202+0.3 438+ 1.1 5.0+0.1 5.0+0.0
2.0 18.4+0.4 183+0.2 345+1.0 4.0+0.1 5.0+0.0
Significance¥
Linear <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Quadratic <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

“Rated on a scale of 1-5, where 1 = yellow, 2 = pale green, 3 = light green, 4 = green, and 5 = dark green.
YP values were obtained using general linear model procedures of SAS version 9.3 for significant effects of

paclobutrazol concentrations.

height, smaller plant diameter, less shoot fresh
and dry weight, and dark green leaves at the
end of marketing phase (Table 3). Simulated
shipping at 15 °C in dark for 4 d caused early
wilting and minor leaf chlorosis, which were
not observed in plants in greenhouse or at
15 °C in dark for 2 d (data not presented).

Marigold plugs. Plugs sprayed with
80 mg-L ' ancymidol had 34% shorter plant
height, 30% less shoot fresh weight, and
40% less dry weight at the end of marketing
phase (Table 4). Postharvest wilting was
delayed by 0.5 and 0.6 d for first and second
wilt, respectively, when plugs were treated
with ancymidol at 160 mg-L'. Simulated
shipping at 15 °C for 4 d caused minor leaf
chlorosis (0.3 leaves per plug), produced
shorter plant height (5.3 cm), less shoot
fresh weight (3.9 g), and less dry weight
(0.3 g) than plants simulated in greenhouse
(0 leaves per plug, 6.3 cm, 5.1 g, and 0.4 g,
respectively), which demonstrated effective
control of plant stretch during simulated
shipping when plugs were sprayed with
ancymidol.

Table 4. Effect of ancymidol on plant height at the end of production, days to first or second wilt during marketing, and plant height, and shoot fresh and dry weight
at termination of ‘Moonsong Deep Orange’ marigold plugs. All data represent means with st of 24 replications of 16-cell plug trays.

Ancymidol Termination
concn (mg-L™") Plant ht (cm) Days to first wilt (d) Days to second wilt (d)* Plant ht (cm) Shoot fresh wt (g) Shoot dry wt (g)
49+0.1 2.0+0.0 2.0+0.0 7.7+0.2 6.0+0.3 0.52 +0.02
40 3.7+0.1 2.1+0.1 22 +0.1 59+0.1 49+0.2 0.34 +0.02
80 34+0.1 22+0.1 23+0.1 51+0.1 42+02 0.31 £0.02
160 3.1+0.1 2.5+0.0 2.6+0.1 44+0.2 2.9+0.2 0.21 +£0.02
Significance’
Linear <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Quadratic <0.0001 NS NS <0.0001 NS NS

“Days counted after first wilt.

YP values were obtained using general linear model procedures of SAS version 9.3 for significant effects of ancymidol concentrations.

~s, Nonsignificant at P > 0.05.

Table 5. Effect of simulated shipping or marketing and ancymidol on leaf color of ‘Moonsong Deep Orange’ marigold plugs. At the end of the production, plants
were subjected to simulated shipping at 15 °C in the dark for 2 or 4 d or simulated marketing in greenhouse. All data represent means with se of eight

replications of 16-cell plug trays.

Simulated shipping or marketing

Ancymidol concn (mg-L™)

Leaf color after simulated shipping or storage”

Leaf color at termination”

2dat15°C

4datl15°C

Greenhouse

Significance*

Simulation (S)

Concentration (C)
Linear (L)
Quadratic (Q)

SxCL

SxCQ

0 30£00bY
40 40+00a
80 40+00a

160 40+00a

0 31+0.1b
40 40+00a
80 40+£00a

160 40+£00a

0 40+00a
40 40+00a
80 40+00a

160 40+00a
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

40+00b
40+00b
40+00b
40+00b
3.8+02b
40+00b
45+02a
48+02a
40+00b
40+00b
40+00b
45+03a

NS

<0.0001
NS

0.0022
NS

“Rated on a scale of 1-5, where 1 = yellow, 2 = pale green, 3 = light green, 4 = green, and 5 = dark green.

YMean separation within columns by Fisher’s least significant difference at P < 0.05.
*P values were obtained using general linear model procedures of SAS version 9.3 for significant effects of simulation shipping or marketing and ancymidol

concentrations.
~s, Nonsignificant at P > 0.05.
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Table 6. Effect of ancymidol on plant height at the end of production, leaf color at the end of simulated shipping in the dark, days to first wilt during marketing, and
leaf color and shoot fresh and dry weight at termination of ‘Suncatcher Coral Prism’ petunia plugs. All data represent means with st of 24 replications of 16-

cell plug trays.

Termination

Ancymidol concn (mg-L™) Plant ht (cm) Leaf color* Days to first wilt (d) Leaf color* Shoot fresh wt (g) Shoot dry wt (g)
0 53+£0.2 3.0+£0.0 2.4 +0.1 32+0.1 13.0+0.2 1.06 £0.03
40 44 +£0.1 4.0+0.0 26=+0.1 3.7+0.1 125+04 0.99 +£0.04
30 3.8+0.1 4.0+0.0 2.7+0.1 4.0+0.0 120+0.3 0.94 +£0.03
160 33+0.1 4.0=£0.0 3.0+0.0 4.0£0.0 10.1 £0.2 0.76 £ 0.02
Significance

Linear <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Quadratic <0.0105 <0.0001 NS <0.0001 NS NS

“Rated on a scale of 1-5, where 1 = yellow, 2 = pale green, 3 = light green, 4 = green, and 5 = dark green.

YP values were obtained using general linear model procedures of SAS version 9.3 for significant effects of ancymidol concentrations.

Ns, Nonsignificant at P > 0.05.

Simulated shipping and ancymidol appli-
cation greatly affected the foliage color
(Table 5). Plugs kept continuously in green-
house conditions had similar leaf color, while
those placed in simulated shipping at 15 °C in
dark for 2 or 4 d and without PGR application
had lighter green leaves. However, plugs
sprayed with ancymidol at 80-160 mg.L™"
and kept at 15 °C in dark for 4 d had darker
green leaves compared with those plants with
same PGR concentration and kept in green-
house or stored at 15 °C for 2 d.

Petunia plugs. Plugs treated with ancymi-
dol produced shorter plants with greener
foliage and longer postharvest shelf life (Ta-
ble 6). Use of ancymidol at 160 mgL™'
delayed first wilt by 0.6 d during marketing
and produced 22% less shoot fresh weight and
28% less dry weight. Simulated shipping at
15 °C in dark for 4 d resulted in early wilting
(24 d), had higher leaf chlorosis and leaf
abscission (0.2 or 0.5 leaves per plug, respec-
tively), and less shoot dry weight (0.93 g)
compared with plugs kept in greenhouse (2.7 d,
0 or 0.3 leaves per plug, and 1.02 g, respectively).

Use of ancymidol continued to control
plant stretch during simulated shipping in
dark, as plugs sprayed with ancymidol at
160 mg-L " and placed at 15 °C in dark for 4 d
had similar change in plant height at the end
of marketing as the plugs kept in greenhouse
(Table 7).

Discussion

Production of small, compact plants may
offer an economic benefit to commercial
greenhouse producers as small-sized plants
can be placed closer to each other and result
in greater space utilization efficiency. As
PGR concentration increased, plant growth
(fresh weight, dry weight, plant height, and
diameter) was smaller and postharvest lon-
gevity was extended for all tested species. For
potted sunflower, the optimal concentration
of paclobutrazol for longest postharvest shelf
life was 2.0 mg a.i., which had 40% longer
shelf life and delayed wilting than nontreated
plants (Table 1). Dasoju et al. (1998) simi-
larly noted that paclobutrazol was effective
on controlling sunflower plant growth and
recommended 2—4 mg a.i. per pot, with up to
8 mg in the summer. For potted zinnia,
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Table 7. Effect of simulated shipping or marketing and ancymidol on termination plant height and change
in plant height of ‘Suncatcher Coral Prism’ petunia plugs. At the end of the production, plants were
subjected to simulated shipping at 15 °C in the dark for 2 or 4 d or simulated marketing in greenhouse.
All data represent means with st of eight replications of 16-cell plug trays.

Simulated shipping Ancymidol Termination Change in
or marketing concn (mg-L™) plant ht (cm) plant ht (cm)
0 8.5+£0.3b” 3.1+0.1bc
40 6.7+02d 27+£02cd
80 58+02e 24 +£0.1de
2dat15°C 160 50+£04¢ 1.9+£03ef
0 94+04a 39+02a
40 8.0+ 0.4 bc 35+03ab
80 72+04cd 32+£0.2bc
4dat15°C 160 51+£02e¢ 1.7+0.1f
0 84+03b 34+0.1ab
40 7.9+0.3 be 33+0.1 bc
80 73+02cd 3.1+£0.2bc
Greenhouse 160 52+£03e¢ 1.9+£0.2ef
Significance”
Simulation (S) 0.0004 0.0008
Concentration (C)
Linear (L) <0.0001 <0.0001
Quadratic (Q) <0.0001 <0.0001
SxCL 0.0105 0.0228
S x CQ NS NS

“Mean separation within columns by Fisher’s least significant difference at P = 0.05.
YP values were obtained using general linear model procedures of SAS version 9.3 for significant effects of
simulated shipping or marketing and ancymidol concentrations.

Ns, Nonsignificant at P > 0.05.

optimal concentration would be 0.5-1.0 mg
paclobutrazol as it extended shelf life and
delayed wilting by 68% to 80% the first time
and by 48% to 87% the second time during
marketing compared with nontreated plants
(Table 2). Use of paclobutrazol continued to
control plant stretch during simulated ship-
ping, which was evident from smaller plant
height and diameter and less shoot fresh and
dry weight of plants (Tables 1 and 3). Similar
findings have also been reported by Cox and
Keever (1988), Ecker et al. (1992), and
Keever and Cox (1989), who reported less
biomass and growth control of marigold,
stock, and zinnia plants treated with paclobu-
trazol. Suppression of plant growth may be
due to less internodal elongation as reported
by Arnold (1998) in verbena (Verbena
canadensis L.) and lantana (Lantana hor-
rida H.B.K.) and by Pinto et al. (2005) in
zinnia. Moreover, paclobutrazol-drenched
plants produced leaves with dark green color,
which might be due to effect of paclobutrazol
on enhancement of chlorophyll biosynthesis

and reduction of leaf expansion (Davis
et al., 1988; Halmann, 1990). PGRs also
have several secondary affects when the
GA biosynthesis pathway is suppressed
such as less leaf area and lower water usage
(Rademacher, 2000). Gradual increase in
paclobutrazol dose subsequently controlled
excessive plant growth of both potted spe-
cies as reported in several other studies,
such as carnation (Dianthus caryophyllus
L.) (Bandn et al., 2002) and ornamental
pepper (Capsicum annuum L.) (Starman,
1993).

No phytotoxicity symptoms were ob-
served in tested potted plants when drenched
with higher paclobutrazol doses. Increasing
paclobutrazol dose effectively delayed post-
harvest wilting and extended potential shelf
life, which was probably due to compact
plant growth with less transpirational surface
area and number of stomata, increased leaf
thickness or stomatal density, or induction of
water stress tolerance (Burrows et al., 1992;
Sankar et al., 2007; Sankhla et al., 1985).
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For plug species, foliar application of
80160 mg-L! ancymidol provided ample plant
growth control, delayed postharvest wilting,
and extended shelf life by 15% to 30% for
marigold and 12% to 25% for petunia
(Tables 4 and 6). Moreover, plugs sprayed with
80 mg-L ' ancymidol and subjected to sim-
ulated shipping for 4 d had dark green
foliage compared with the plugs of similar
concentration-treated plants simulated in
greenhouse (Table 5). PGR effectively con-
trolled plant stretch during shipping, and plugs
treated with 160 mg-L™' ancymidol followed
by simulated shipping at 15 °C for 4 d had
similar change in plant height at termination as
plants held in the greenhouse (Table 7). Davis
(1991) noted that PGRs were effective in
controlling growth of zinnia and marigold
plugs for up to 4 weeks after transplanting to
the final container, depending on the concen-
tration used during production. Our results
demonstrated effectiveness of the PGR appli-
cation for lowering shipment cost by increas-
ing shipping capacity, maintaining plant size
and quality during simulated shipment, and
improving tolerance to shipping and handling
stresses (Latimer and Whipker, 2012). No
phytotoxicity symptoms were observed in
petunia; however, moderate PGR damage on
leaf tips and margins of marigold plugs were
observed with highest concentration. Dam-
age was less on new foliage compared with
older leaves. Phytotoxicity of higher PGR
doses have also been reported on carnation
(Foley and Keever, 1991) and lavender
(Papageorgiou et al., 2002). For these spe-
cies, plants sprayed with 80 mg-L™' had
better visual appearance and more compact
growth, while 160 mg.-L™' was optimal for
extension of postharvest shelf life compared
with nontreated plants.

Both paclobutrazol and ancymidol have
been used in commercial greenhouses for over
20 years. Their labels contain worker protection
standard recommendations for their use, which
are not very extensive, and the reentry period is
only 12 h. Therefore, they are considered
beneficial and hazard free, if used following
precautionary measures printed on their labels.

Conclusions

Application of paclobutrazol or ancymidol
not only controlled excessive plant growth,
but also delayed wilting and extended the
postharvest longevity of all tested species plus
kept potted plants and plugs in a marketable
condition for a longer period. Producers
should consider extending shelf life of orna-
mental plants by using tested PGRs in addition
to the traditional benefit of growth control as
a best management practice to increase finan-
cial returns per unit cost.
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