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Abstract. Dormant-budded ‘Gloria’ azaleas (Rhododendron sp.) at various maturity
levels (one, eight, or 32 individual open flowers) were moved from the greenhouse to
postproduction rooms. Postproduction rooms were maintained at 21 ± 1C, relative
humidity 50% ± 5%, and 12 hours of daily irradiance at 12 µmol·s–1·m –2 from coolwhite fluorescent lamps to simulate home conditions. Using predetermined categories,
the number of tight, showing-color, candle, and open-flower inflorescences were recorded. After 2 weeks postproduction, plants chosen at the start of postproduction
with eight or 32 individual open flowers had the best flowering uniformity and flower
color. In a second experiment, azaleas with one, eight, or 32 individual open flowers
were placed into simulated transport for 4 days at 16 ± 1C. Plants with one individual
open flower had greatest longevity, but those with eight open flowers had the best
overall postproduction performance. In a final experiment, azaleas at similar maturity
levels were placed in simulated transport at 5, 16, or 27C for 2, 4, or 6 days. After 2
weeks postprodudion, there was no difference due to simulated-transport temperature
or duration on flowering performance or flower color. Longevity was good for plants
held 2, 4, or 6 days at 5C and for plants held for 2 days at 16 or 27C.
The optimum maturity level for marketing
florist azaleas has not yet been evaluated on
the basis of postproduction performance.
Maturity level has been shown to be a factor
in the postproduction longevity of potted
chrysanthemums (Walter, 1974; Wesenberg
and Beck, 1964). The former found that longevity of mature potted chrysanthemum
flowers exceeded that of very immature
flowers by 1 to 3 days. Maturity level has
also been shown to be important in the postproduction longevity of stored Easter lilies
(Staby and Erwin, 1977). The importance of
maturity level in postproduction performance and longevity has been attributed to the
ability of flower buds to develop properly in
the low irradiance levels found in interior
environments (Wesenberg and Beck, 1964).
Temperature and duration of transport are
critical to the maintenance of high-quality
plants in the postproduction environment.
Sterling and Molenaar (1986) conducted a
study using 20 species of container-grown
plants in simulated transport with varying
temperatures and durations. They found that
flowering plants were generally more sensitive to transport temperature than foliage
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ing, plant quality deterioration, and leaf and
bud abscission. They determined the optimum transport temperature and duration for
Rhododendron to be 5 to 10C for a maximum of 7 days. However, the plants had not
been placed in closed boxes. Decreased
postproduction performance and flower longevity have been observed in hibiscus (Hoyer,
1986; Nell and Barrett, 1984; Rystedt, 1982a,
1982b; Thaxton et al., 1988) and in various
potted foliage and flowering plants (Conover
and Poole, 1984; Sterling and Molenaar,
1986) with increasing temperature and duration of simulated transport.
Our research was conducted to determine
the effects of maturity level at the start of
postproduction and simulated transport under several time/temperature combinations
on the development and postproduction performance of ‘Gloria’ azalea.
Cultural practices. Dormant-budded

‘Gloria’ azaleas with an 18- to 23-cm crown
diameter in 15-cm pots (1.6 liters) were obtained from a commercial grower (Yoder
Brothers, Alva, Fla.) and held for 6 weeks
at 2 ± 0.5C with 15 µmol·s–l ·m –2 of irradiance from. 40-W cool-white fluorescent
lamps. After cold treatment, plants were
placed into a fiberglass greenhouse with fanand-pad cooling at temperatures ranging from
a maximum day of 35C to a minimum night
of 24C. Plants were watered daily with tap
water, but no fertilizer was applied.
Experimental procedures. Postproduction
evaluations were conducted in three rooms
that provided 21 ± 1C, 50% ± 5% relative
humidity (RH), and 12 µmol·s-1·m –2 of irradiance, 12 h daily, from cool-white fluorescent lamps to simulate consumer home
conditions, each room being a replication.
For postproduction evaluations, inflorescences were categorized into four development categories: 1) tight, inflorescence buds
with no flower color showing; 2) showingcolor, inflorescence buds exhibiting no more
than 2.5 cm of flower color; 3) candle,
in florescence buds with < 2.5 cm of flower
color showing; and 4) open-flower, flowers
with a diameter of 3 cm or greater (Fig. 1).
Inflorescences contained an average of three
flowers each. In all experiments, the number
of tight, showing-color, candle, and openflower inflorescences were determined at the
start of postproduction and after 2 weeks
postproduction. All treatments were applied
after flower buds had been initiated; therefore, the sum of the number of tight, showingcolor, candle, and open-flower infloresTable 1. The effect of maturity level on postproduction longevity of ‘Gloria’ azalea with and
without a simulated transport treatment.

z

Number of individual open flowers at the start of
postproduction or simulated transport.
Plants were placed in closed boxes for 4 days at
16 ± 1C.

y

Fig. 1. Four inflorescence categories chosen to evaluate postproduction performance of ‘Gloria’ azalea
(A) Tight, inflorescence buds with no flower color showing (B) showing-color, inflorescence buds
exhibiting no more than 2.5 cm of flower color; (C) candle, inflorescence buds with < 2.5 or
flower color; and (D) open-flower, flowers with a diameter of 3 cm or greater.

Fig. 2. Effect of maturity level (based on the number of individual open flowers) on the number of
tight, showing-color, candle, and open-flower inflorescences on ‘Gloria’ azalea at the start and after
2 weeks postproduction at 21C. Plants did not receive a simulated transport treatment.

Fig. 3. Effect of maturity level (based on the number of individual open flowers) on Hunter ‘L’ (O
= black, 100 = white) and ‘a’ (positive = red, negative = green) values for ‘Gloria’ azalea flower
petals after 2 weeks postproduction at 21C. Plants did not receive a simulated transport treatment.

Fig. 4. Effect of maturity level (based on the number of individual open flowers) at time of simulated
transport (plants were placed into closed boxes for 4 days at 16 ± 1C) on the number of tight,
showing-color, candle, and open-flower inflorescences on ‘Gloria’ azaleas at unboxing and after 2
weeks postproduction at 21C.

cences (total number of inflorescences) was
not affected by treatments. No inflorescence
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or flower bud abscission was observed on
plants of any treatment. Postproduction lon-

gevity was determined as the number of days
from placement in postproduction to when
90% to 95% of all flowers showed signs of
necrosis.
Maturity level was based on the number
of individual open flowers. The industry
standard for stage of marketability is eight
individual open flowers. Plants with one individual open flower and those with 32 individual open flowers were used to achieve
a maturity level below and above that used
by commercial growers. The number of
inflorescences were counted as a means of
determining flowering uniformity and overall plant development. Tight and showingcolor inflorescences are seen as one bud (Fig.
1 A and B). When inflorescences develop to
the candle and open-flower stage, each individual flower is visible (Fig. 1 C and D).
Therefore, to be consistent in counting each
category chosen, the number in each inflorescence type was recorded.
After 2 weeks postproduction, flower color
of the adaxial petal surface of four flowers
per experimental unit, devoid of red spots,
was determined with a HunterLAB colorquest sphere spectrocolorimeter (Hunter Associates Laboratory, Reston, Va.) using ‘L’
(0 = black, 100 = white) and ‘a’ (red toward
positive and green toward negative) modes.
The instrument was calibrated according to
manufacturers instructions using standard
white (X = 81.70, Y = 86.53, Z = 93.98)
and gray (X = 51.37, Y = 54.64, Z =
59.20) reference plates. A ‘Gloria’ flower
petal with an intense pink color would have
a low ‘L’ value and a high positive ‘a’ value.
Data were tested by analysis of variance, Tukey’s honestly significant difference test
(HSD ), and regression analysis.
Maturity level Expt. 1). Plants were removed from the greenhouse at three maturity
levels: one, eight, or 32 individual open
flowers. Plants were placed directly into
postproduction rooms, based on their maturity level, for postproduction evaluation. We
used a randomized complete block with five
plants per experimental unit and three replications. The number of each inflorescence
type was determined at the start of postproduction and after 2 weeks. One petal from
each of four flowers per plant was used, a
total of 60 petals per treatment, for color
determination.
Maturity level in simulated transport (Expt.
2). Plants were removed from the greenhouse at maturity levels of one, eight, or 32
individual open flowers and held in closed
boxes (without sleeves) for 4 days at 16 ±
1C to simulate transport. Afterwards, plants
were placed into postproduction rooms. The
design was a randomized complete block with
four plants per experimental unit and three
replications. The number of each inflorescence type was determined at unboxing and
after 2 weeks postproduction. One petal from
each of four flowers per plant was used, a
total of 48 petals per treatment, for color
determination.
Simulated-transport temperature and duration (Expt. 3). A 3 × 3 factorial experiment was conducted with simulated transport
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Fig. 5. Effect of maturity level (based on the number of individual open flowers) at time of simulated
transport (plants were placed into closed boxes for 4 days at 16 ± 1C) on Hunter ‘L’ (100 = white,
0 = black) and ‘a’ (positive = red, negative = green) values of ‘Gloria’ azalea flower petals after
2 weeks postproduction at 21 C.

Fig. 6. Effect of simulated-transport temperature (5, 16, and 27 ± 1C) and duration (2, 4, and 6
days) on the postproduction longevity of ‘Gloria’ azalea. Interaction significant at P = 0.01. Regression analysis of plants transported for 2 days was nonsignificant. Points are means of six plants at
each level. Regression analysis used values for each plant.

at 5 ± 1, 16 ± 1, or 27 ± 1C for 2, 4, or
6 days. The experiment was a randomized
complete block design with three replications and two plants per experimental unit.
Plants were placed under simulated transport
conditions when eight to 10 individual flowers were open. Transport conditions and the
number of each inflorescence type were the
same as described in Expt. 2. One petal from
each of four flowers per plant was used, a
total of 24 petals per treatment, for color
determination.
Effect of maturity level (Expt. 1). At the
start of the postproduction period, plants with
one individual open flower had more tight
inflorescences and fewer candle and openflower inflorescences than those with eight
or 32 individual open flowers (Fig. 2). After
2 weeks postproduction, plants that had been
moved with eight or 32 individual open
flowers had the most open-flower inflorescences and the fewest of the others. These
plants had a uniform flowering appearance.
Plants moved with one individual open flower
had the fewest open-flower inflorescences and
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the most tight inflorescences after 2 weeks
in the interior, and they appeared as nonuniform flowering azaleas.
After 2 weeks in postproduction, the ‘a’
value (flower redness) was higher and ‘L’
value (lightness) was lower for plants moved
into postproduction with 32 individual open
flowers than those moved into postproduction with one or eight open (Fig. 3). The
more intense flower color, observed in plants
with 32 individual open flowers, presumably
is an effect of extended production time in
the high-irradiance greenhouse. Production
time, from the start of the greenhouse phase
until the start of postproduction, was 26, 30,
and 33 days for the one, eight, and 32 individual open flowers maturity level, respectively (P = 0.0002, HSD0.05 = 2).
Plants moved into postproduction with one
individual open flower lasted 4 days longer
than those moved with eight and 5 days longer
than those moved with 32 individual open
flowers (Table 1).
These results demonstrate that the more
mature plants, placed into low-irradiance

conditions, have a greater floral display and
a more intense flower color during postproduction. However, longevity decreased
as maturity level increased from one to 32
individual open flowers. Overall, plants with
a maturity level of eight individual open
flowers appeared to be uniformly flowering
and had an intense flower color after 2 weeks
postproduction and an average postproduction longevity of 26 days.
Effect of maturity level in simulated transport (Expt 2). At unboxing, plants held in
simulated transport in closed boxes for 4 days
at 16 ± 1C with 32 individual open flowers
had the most open-flower inflorescences and
the fewest candle and showing-color
inflorescences (Fig. 4). Plants placed in simulated transport with one or eight individual
open flowers had more showing-color and
candle inflorescences at unboxing than plants
transported with 32 individual open flowers.
The number of tight inflorescences at unboxing was not affected by the maturity level
when plants were placed into simulated
transport.
After 2 weeks postproduction, plants placed
in simulated transport with 32 individual open
flowers had the most open-flower inflorescences and the fewest candle inflorescences
(Fig. 4). The number of tight and showingcolor inflorescences was similar after 2 weeks
in the interior for all maturity levels evaluated. The number of open-flower inflorescences after 2 weeks postproduction was
similar for plants with one or eight individual
open flowers initially.
Flower color intensity was higher (high ‘a’
value and low ‘L’ value) after 2 weeks in
the interior for plants with one or eight individual open flowers than for those with 32
(Fig. 5). This observation of a low flower
color intensity for those with 32 individual
open flowers is opposite of that observed when
plants did not receive a simulated transport
treatment. These data suggest that simulated
transport has a detrimental effect on the flower
color of more-mature plants.
Longevity was greatest for plants with one
open flower at initiation of simulated transport (Table 1). These results are similar to
those discussed in Expt. 1. Once again, even
with a simulated transport treatment, plants
with a maturity level of eight individual open
flowers had the best overall qualities after 2
weeks postproduction.
Effect of simulated-transport temperature
and duration (Expt. 3). After 2 weeks postproduction, the number of tight, showingcolor, candle, and open-flower inflorescences and flower color intensity were similar for all simulated-transport temperature or
duration combinations (data not shown). From
these data we can conclude that the flowering appearance is not affected by transport
temperatures between 5 and 27C or durations
from 2 to 6 days.
There was a significant interaction between simulated-transport temperature and
duration for postproduction longevity. Longevity was greatest for plants placed at 5C
regardless of duration and for those held for
2 days at 16 or 27C (Fig. 6). These data are
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in agreement with the optimum transport
temperature and duration found for Rhododendron indica (Sterling and Molenaar, 1986).
When plants were placed in simulated transport for 4 or 6 days, longevity decreased
dramatically at 16 or 27C.
Optimum transport temperatures and durations for ‘Gloria’ azaleas, based on present
results, are 5C for up to 6 days or 2 days at
16 or 27C. Further research is needed to test
the upper and lower limits of transport temperature and duration.
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