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CHAPTER1

INTRODUCTION

As we enter the 21® century, the annual sales of flowering potted plants keep
setting new records. The introduction of new plant species, flower colors, plant forms
and interior uses is increasing the popularity of flowering potted plants among
consumers.

To maintain consumer demand, growers must produce high quality plants that
perform well in interior environments. Longevity and interior performance of potted
flowering plants have become a primary concern for commercial producers, floral buyers
and consumers (Nell and Hoyer, 1995). Plant quality and maximum postproduction
longevity are determined during production and crop quality must be at the highest level
when the plant leaves the production facility (Nell et al., 1997).

The effect of different production techniques, ethylene and environmental
conditions on the longevity of a few new potted crops has been researched (Nell and
Barrett, 1989). However, little work has been accomplished on three plant species that

show potential as potted flowering plants: Gynura aurantiaca, Helianthus annuus and

Phalaenopsis hybrids.

PRODUCTION STUDY OF GYNURA AURANTIACA
Gynura plants have attractive green and purple foliage, which offers a dramatic

effect when grown in hanging baskets or pots. The purple velvet plant, Gynura



aurantiaca, which has become popular with indoor gardeners in North America and
Europe, has such colorful foliage that flowers are unnecessary. Unfortunately, the yellow
to orange flowers, that appear from midwinter to early spring, are malodorous and
detrimental to sales.

Ethylene. Foliar application of ethylene releasing compounds (ethephon) delayed
flowering on chrysanthemums (Dendranthema x grandiflorum Kitam.), Begonia x
cheimantha Everett and Camellia japonica L. (Cockshull et al., 1979; Moe and Smith-
Eriksen, 1986; Woolf et al., 1992) or induced abscission of flower buds with minimal
abscission of other plant organs, due to the greater sensitivity of floral buds to ethylene
(Edgerton and Greenhalgh, 1969; Sanderson et al.,, 1988; Woolf et al., 1992).

Photoperiod. Photoperiods may decrease time to anthesis or prevent flowering.
Beattie et al. (1989) showed that to maintain vegetative meristems, stock plants of
Physostegia virginiana L. had to be held under short days. Cavins (1999) also found that
short days prevented flowering of young Campanula medium L plants. On the other
hand, poinsettias (Fuphorbia pulcherrima Wilid. ex Klotzsch.) must be placed under long
days to remain vegetative (Kofranek and Hackett, 1965). Stefanis and Langhans (1983)
showed that night interruption with light from incandescent lamps (long days) was the
recommended method for keeping chrysanthemums vegetative.

Light Intensity. Light intensity may influence flowering. Insufficient light
intensity can prevent flowering in Saintpaulia ionantha Wendl. (Stinson and Laurie,
1954). Hanchey (1955) showed that no flowers occurred in the Saintpaulia plants grown

at 20 pmol.m™.s™" for 6 h, and that only 40% flowering occurred at 20 pmol.m?.s™ for 12



and 18 h. The percentage of Saintpaulia plants flowering increased with increasing light

intensity and duration (Conover and Poole, 1981).

PRODUCTION AND POSTPRODUCTION OF HELIANTHUS ANNUUS

Helianthus annuus is an important cut flower and garden ornamental, and has
great potential as a potted flowering plant due to short crop time, ease of propagation and
large flowers.

Cultivars. Cultivar study is required to select plants most adapted to container
production (Shafer, 1986). The most important potted sunflower cultivars are ‘Big
Smile’, ‘Elf’, ‘Pacino’, ‘Sundance Kid’, ‘Sunspot’, and ‘Teddy Bear’ (Dasoju et al.,
1998). All cultivars are single flowered, except for ‘Teddy Bear’, which is double
flowered. ‘Big Smile’ flowers have yellow petals surrounding a black center. ‘Pacino’
and ‘Elf” has yellow flower petals and centers and are abundant pollen producers. They
have a single dominant flower that reaches anthesis first, followed by 4 to 6 secondary
flowers that usually open 4 to 6 days later. ‘Sundance Kid’ produces a mixture of bronze
to pure yellow flowers. ‘Sunspot’ produces a single large flower with yellow petals and a
slightly darker center (Whipker et al., 1998).

Plant number per pot. One or more plants per pot may be more desirable for
production and marketing. However, competition for nutrients may induce premature
leaf senescence in the potted sunflowers and a relationship could exist between the
amount of media available and senescence of older leaves.

Pot size. Selection of an adequate pot size in relation to the height of the plant is

required. Whipker et al. (1998) produced marketable-sized plants in 1.2 L pots.



Plant growth regulators.

Chemical growth retardant. Many floricultural crops are too large for standard
container culture, and chemical growth retardants are required to manipulate plant size.
The choice of a growth regulator is usually based on ease of application, concentration,
timing, consistency, effects on vegetative and reproductive development, effects on
postproduction quality and performance, and economics of application (Davis and
Andersen, 1989). Whipker et al. (1998) produced marketable-sized sunflower plants in
1.2 L pots with paclobutrazol concentrations from 2 to 4 mg.L™ or with daminozide
concentrations from 4,000 to 8,000 mg. L™,

Delay in senescence. Cytokinins and gibberellins have been shown to decrease
leaf senescence (Jordi, 1995; Leopold and Kawase, 1964). Promalin, which is a mix of
cytokinin (benzyladenine, BA) and gibberellin (GA4.7) reduced leaf senescence of potted
Lilium L. (Funnell and Heins, 1998). Han (1997) showed that concentrations even as low
as 25 mg. L' were effective in reducing leaf yellowing in Easter lily (Lilium longiflorum
Thunb.). “Stargazer’ hybrid lily (Liliun sp. ‘Stargazer’) and Easter lily flower longevity
increased when Promalin was foliar applied at 100 mg.L"! (Ranwala and Miller, 1998;
Ranwala et al., 2000).

Photoperiod. Photoperiod is the period of darkness that regulates certain
responses in some plants such as flower initiation and development and growth habit
(Dole and Wilkins, 1999). Control of plant height and flowering can also be attained
with photoperiod, as Armitage et al. (1981) showed in Zinnia elegans Jacq., where days

to anthesis and plant height and weight were reduced under a 9-h photoperiod. Poinsettia




plants can be kept short by reducing the number of days from propagation or pinching to
the beginning of short day photoperiods for flower initiation (Ecke et al., 1990).
Temperature. Postproduction longevity of many plants has been extended by
holding or shipping at low temperatures (Shanks et al., 1970: Halevy and Kofranek,
1976, Staby et al., 1978; Poole and Conover, 1983). Storage of plants at low temperature
(1to 5°C) decreases respiration and ethylene effects and increases postproduction life on
potted flowering plants (Nell and Noordegraaf, 1991). Duration of storage may also
affect plant quality (Gibbs et al., 1989). Some plants can tolerate low temperatures for a
short time, but prolonged exposure to the same temperature can cause chilling injury
(Marousky and Harbaugh, 1980). Hibiscus rosa-sinensis L. ‘Brilliant Red’ plants stored
at 10°C had higher visual quality immediately afier storage than plants stored at 20 or
30°C (Thaxton et al., 1988). Gibbs et al. (1989) showed that pot-grown ‘Angie Physic’
hibiscus stored at 10.0 or 15.5°C had delayed flowering, larger or more flowers, less
flower bud and leaf abscission and a higher plant quality than when stored at higher

temperatures.

ESTABLISHMENT OF PRE-FINISHED BARE-ROOT PHALAENOPSIS

PLANTS

The flowers of the Phalaenopsis plants are long lasting and plants can flower for
2 to 4 months under favorable interior conditions, which makes them valuable potted
flowering plants. The major problem with using prefinished plants has been poor plant
establishment after the bare root plants are planted (R. Wolfand A. Blair, personal

communications). New root development is delayed or does not occur, resulting in leaf




yellowing and occasional plant death. Plants may produce low quality flower stalks even
when not well-rooted.

Media. The choice of medium influences establishment of Phalaenopsis orchid
plants. Wang (1995a) tested different media and fertilization frequencies on
Phalaenopsis ‘Taisuco Kochdian’, and two media (3 perlite: 3 Metro Mix 250: 1 charcoal
and 1 perlite: 1 rockwool) resulted in root systems inferior to that in other media. Live
moss (species non-specified) has also been considered as a good media for Phalaenopsis
plants because it provides high humidity, excellent aeration of the roots and also
nutrition; live moss nourishes blue green algae, which in turn fixes atmospheric nitrogen
into amines, a natural source of fertilizer of orchids in nature (Fowlie, 1987).

Light Intensity. Orchids are usually epiphytes and grow under the canopy of
trees. Light is an important factor in the establishment and growth of Phalaenopsis
orchids. Shading plants would reduce stress caused by high light intensity and high
temperature. Wang (1995b) noted that a minimum of 60 pmol.m2.s™ PPF was necessary
to keep healthy leaves, induce spiking and reach anthesis in about 167 days from potting,

Humidity levels. Orchids are tropical plants and might require high humidity

levels for rapid establishment. Phalaenopsis plants grow best under 50-60% humidity

(Gordon, 1990).



OBJECTIVES

The research had three objectives:

1) to determine appropriate production techniques for Gynura aurantiaca and
prevent flowering by examining photoperiod, light intensity and ethephon
treatments.

2) to determine appropriate production techniques for potted Helianthus annuus
plants by examining plant number per pot, pot size, photoperiod, and growth
regulators; and to improve postproduction life through Promalin and 5°C storage.

3) to determine optimum production techniques for rapid and successful
establishment of prefinished Phalaenopsis plants by examining media, light

intensity and humidity.

The information gained from this research will provide growers with production and

postproduction methods for three novel potted flowering plants.
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CHAPTER II

MAINTAINING VEGETATIVE POTTED PURPLE VELVET PLANTS

Laurence C. Pallez and John M. Dole. Department of Horticulture and Landscape

Architecture, Oklahoma State University. Stillwater, OK 74078-6027.

Additional index words: Gynura aurantiaca, ethephon, photoperiod, shade.

Abstract. The purple velvet plant (Gynura aurantiaca Bl.) has potential as a potted plant
due to its attractive purple foliage, if the malodorous flowers can be avoided. Ethephon
was not commercially useful in producing marketable plants, or maintaining stock plants.
Although foliar application of ethephon at 1200 to 4800 puL.L"' completely inhibited
flowering of the purple velvet plants, plants were stunted and cutting harvest was
impossible. At lower application rates (150 to 300 pL.L™"), flowering was promoted. An
8-h photoperiod increased plant quality, with the largest number of vegetative shoots and
the brightest purple color, compared to 12 or 16-h photoperiods. All of the shoots were
reproductive under the 16-h photoperiod. Increasing the shade level from 0 to 60% (790
pmol.m?s™! t0 230 pmol.m2.s") increased the number of vegetative shoots. Plants under
60% shade and natural short days had over 80% vegetative shoots. Growing plants under
60% shade and 8-h photoperiod is recommended to maintain stock plants and obtain high
quality marketable plants.

Chemical names used: (2-chloroethyl) phosphonic acid (ethephon).
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Introduction

Gynura is a genus with about one hundred species of herbs and small shrubs
native to tropical regions of Africa and Asia. Cultivated species have attractive green and
purple foliage and are grown as hanging basket and potted plants (McConnel, 1981). The
purple color is caused by numerous small deep purple trichomes that cover the leaves and
stems (Kalmbacher, 1975). The purple velvet plant has colorful foliage resulting in its
popularity with indoor gardeners in North America and Europe. Unfortunately, the
yellow to orange flowers, that appear from midwinter to early spring, are malodorous and
detrimental to sales.

Gynura aurantiaca plants must remain vegetative for successful production and
marketing. Bud abscission and flower senescence in miniature roses (Rosa sp. L.) was
accelerated by foliar application of ethephon (Serek and Andersen, 1995). Ethephon has
also been used for selective removal of flower buds in apple (Malus sp.) (Edgerton and
Greenhalgh, 1969), and a single spray of 200 puL.L™ ethephon applied to rooted
chrysanthemum (Dendranthema x grandiflorum Kitam.) cuttings three days after planting
delayed flower bud formation (Cockshull et al., 1979). More recently, a 2,000 puL.L!
ethephon spray almost completely inhibited flower bud opening in Begonia X cheimantha
Everett when applied in the early stages of flower bud formation (Moe and Smith-
Eriksen, 1986) and 1500 pL L ethephon sprays removed Camellia japonica L. flower
buds with minimal abscission of leaves and vegetative buds (Woolf et al., 1992).

Ethephon has been used to induce axillary shoot development and abscission of unwanted
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flower buds in azaleas (Rhododendron sp.) (Sanderson et al., 1988). To date, no
published information is available on ethephon application to Gynura.

Photoperiod has been used to regulate flowering of certain plant species. Beattie
et al. (1989) showed that to ensure maintenance of vegetative meristems, stock plants of
Physostegia virginiana L. had to be held under short days. Cavins (1999) also found that
short days would prevent flowering on young Campanula medium L. plants. On the
other hand, poinsettias (Euphorbia pulcherrima Willd. ex Klotzsch.) must be placed
under long days to remain vegetative (Kofranek and Hackett, 1965). Stefanis and
Langhans (1983) showed that night interruption with light from incandescent lamps (long
days) was the recommended method for keeping chrysanthemums vegetative.

Shade (light intensity) may also influence flowering. Insufficient light intensity is
thought to be the primary cause of failure to flower in Saintpaulia ionantha Wendl., and
inhibition of floral initiation is observed at 20 or 60 pmol.m?.s* (Stinson and Laurie,
1954). Hanchey (1955) showed that no flowers occurred in the Saintpaulia plants grown
at 20 pmol.m?.s™ for 6 h, and that only 40 percent flowering occurred at 20 pmol.m?Z.s!
for 12 or 18 h. The percentage of Saintpaulia plants flowering increased with increasing
light intensity and duration (Conover and Pocle, 1981). A combination of shade and
photoperiod could reduce flowering of both stock plants and marketed plants.

The objective of our studies was to prevent flowering of Gynura aurantiaca by

ethephon foliar sprays, photoperiod or reduced light intensity.
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Materials and Methods
Plants were propagated directly into 10-cm (0.4-L) pots from tip cuttings, using

a commercial soilless medium (Universal Mix, Strong/Lite Horticultural Products, Pine
Bluff, AK). The plants were grown in a corrugated polycarbonate-covered greenhouse
set at 25/15° C day/night temperatures. Plants were fertigated with 250 mg.L "' N from a
premixed commercial 20-4.4-16.6 fertilizer (Peter’s Professional, Scott’s Company,
Marysville, Ohio). Data were subjected to analysis of variance using the general linear
model (GLM) procedure (SAS Institute, Cary, NC).

Ethephon (Expt. 1). Plants were propagated on 27 Mar. 1999, and sprayed on 19
May 1999 with 0, 150, 300, 600, 1200, 2400 or 4800 uL L?! ethephon (Florel, Lawn &
Garden Products, Inc., Fresno, CA). Data collected once a week for four weeks included
date of transplanting into final pot, first visible flower bud, number of open flower buds
and foliage chlorosis ratings. Chlorosis ratings ranged from 1 to 5: 5 = plants with > 25%
chlorotic leaves, 4 = plants with >10% and < 25% chlorotic leaves, 3 = plants with >5%
and <10% chlorotic leaves, 2 = plants with <5% chlorotic leaves and 1 = plants without
chlorotic leaves. Plants were arranged in a completely randomized design on greenhouse
benches with ten single plant replications per treatment.

Photoperiod (Expt. 2). Cuttings were propagated on 9 Sept. 1999, pinched on 8
Oct. 1999 and placed under 8-, 12-, or 16-h photoperiods on 1 Nov. 1999. The 8-h
photoperiod received 8 h of natural daylight concurrent with 8 h of incandescent light.
The 12-h photoperiod received 8 h of natural daylight along with 4 h of concurrent
incandescent light and 4 h of day extension incandescent light. The 16-h photoperiod

received 8 h of natural daylight and an additional 8 h of day extension provided by
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incandescent lights. Thus, each treatment had 8 h of natural daylight and 8 h of
incandescent light. Data collected included pinching date and number of vegetative and
reproductive shoots recorded every four weeks for three months after placement of plants
in the photoperiods. Twenty single plant samples were used per treatment.

Light intensity (Expt. 3). Cuttings were propagated on 4 Nov. 1999 and placed
on 26 Nov. 1999 under three shade levels: 0, 30 or 60%, resulting in an average of 790,
375 or 230 umol. m?s| respectively. Data collected were similar to Expt. 2. Twenty
single plant samples were used per treatment.

8-h photoperiod and 0 or 60% shade (Expt. 4). Cuttings were propagated on 11
Feb. 2000 under 60% shade in the 8-h photoperiod. Once fully rooted, on 25 Mar. 2000,
plants were split in two equal groups of twenty plants with each group placed under 60 or
0% shade; all plants remained under 8-h photoperiod. Data collected were similar to
Expt. 2, except that data were collected only twice, 74 (24 Apr. 2000) and 102 (22 May
2000) days after placement in final shade treatment. Twenty single plant samples were
used per treatment.

8- or 16-h photoperiod and 0 or 60% shade (Expt. 5). Plants that had been
grown under 60% shade were split in four equal groups of five plants on 10 Mar. 2000,
and placed in the 8- and 16-h photoperiods, with or without 60% shade. Data collected

were similar to Expt. 4. Five single plant samples were used per treatment.

Results

Ethephon. Ethephon foliar application had no effect on flowering one week after

treatment (Table 2.1). Two weeks after treatment flower number per plant was inversely
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related to ethephon rate. A curvilinear relationship existed between ethephon rate and
flower number at 3 and 4 weeks after treatment. Ethephon increased flower number up to
300 uL.L", then reduced flowering. Flowering inhibition was complete at > 1200 pL.L"!
during 3 or 4 weeks after treatment. Ethephon was not detrimental to the foliage, but
high levels of ethephon stunted plants (data not shown).

Photoperiod. The percentage of vegetative shoots decreased with increasing
photoperiod for all three data collection dates (Table 2.2). Effect of the 8-h photoperiod
decreased with time as the percentage of vegetative shoots decreased from 42 to 68 days
after treatment. The 16-h photoperiod produced only reproductive shoots at all three data
collection dates.

Light intensity. The percentage of vegetative shoots increased with increasing
shade (Table 2.3). Plants under 60% shade had the highest percentage of vegetative
shoots at 74 days after beginning of the treatment then decreased at 108 days.

8-h photoperiod and 0 or 60% shade. At 74 days, plants were more than 80%
vegetative, with no difference between the light intensities tested (Table 2.4). At 102
days, plants under no shade were less vegetative (65%) than plants under 60% shade
(99%). The difference between dates, within light levels, was significant (data not
presented); percent of vegetative shoots decreased from 74 days (84%) to 102 days (65%)
when the plants were grown with no shade, but increase from 88% to 99%, respectively,
when the plants were grown under 60% shade (Table 2.4).

8- or 16-h photoperiod and 0 or 60% shade. At 74 days plants grown under 8-h
photoperiod had more vegetative shoots than those grown under 16-h photoperiod,

regardless of the light intensity (Table 2.5). At 102 days, plants grown under 8-h
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photoperiod and 60% shade had more vegetative shoots than any other combination. The
plants grown under 8-h photoperiod and 60% shade were more vegetative after 102 days

(594%) than after 74 days (63%) (statistics not presented).

Discussion

Ethephon. Ethylene in ornamentals is used to promote flower formation in
bromeliads and certain bulbous plants (Halevy, 1995). Low ethephon concentrations
(150 to 300 pL.L") induced flowering in the Gynura (Table 2.1), which is similar to
results for Gladiolus (Abd ElI-Rahman and Abd El-Hamied, 1985). The differentiation
and development of lobes, flower primordia and the extension of the Gladiolus flower
spike were advanced as the concentration of ethephon decreased from 100 uL.L™ to 1
uL.L" one month after planting. Also, 200 uL.L" ethephon on lychee (Zitchi chinensis
Sonn.) shoots induced flowering 7 to 10 days earlier than those of the controls, but
relatively few flower buds were formed (Chen and Ku, 1988). The mode of action of
ethylene in promoting flowering is not known (Halevy, 1990). One hypothesis would be
that ethylene enhances carbohydrate mobilization from the reserve parts to the meristem
(bulbous plants). However, analysis of sugar concentration in Triteleia laxa corms (Han
et al., 1989) did not reveal any difference between ethylene treated and control bulbs.
Examination of the apical meristem of the ethylene-treated plants of 7. Jaxa revealed that
their apices grew at twice the rate of untreated plants (Han et al., 1989). The increase in
size of the apical dome was not due to increase in cell size, but to promotion of cell

division. The primary effect of ethylene on flowering of 7. laxa, and perhaps also in
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other geophytes, may be the stimulation of cell division in the apical meristem, which
seems to be correlated with apex size and its ability to produce flowers (Halevy, 1990).

In many plants, exogenous ethylene, applied either as the gas or by the use of
ethylene-releasing agents such as ethephon, inhibits or delays flower formation (Arteca,
1996). High levels of ethephon (1200 to 4800 pL.L™") completely inhibited Gynura
flowering (Table 2.1). Similar results were found on mango (Mangifera indica L.) but
only with ethephon levels up to 800 pL L (Sauco et al.,1991). However, the Gynura
plants were stunted, preventing cutting harvest. Also, high concentrations of ethephon
decreased the purple coloration of the foliage (loss of the foliar hairs) (personal
observation). Ethephon did not produce acceptable results to be commercially useful in
maintaining vegetative Gynura.

Photoperiod. All of the shoots were reproductive under the 16-h photoperiod

(Table 2.2). The highest percentage of vegetative shoots was under 8-h photoperiod,

which would make Gynura a facultative long day plant with a critical daylength less than

8 h. Photoperiod also influenced the quality of the cuttings, with the 8-h photoperiod
producing the darkest purple color (personal observation).

Shade. Increasing the shade level significantly increased the percentage of
vegetative shoots in Gynura and could be used commercially for stock plants production
(Table 2.3). The highest percentage of vegetative shoots was at 74 days after beginning
of the treatment and decreased thereafter, indicating that plant maturity might play a role
in the flowering of Gynura. Lyons and Booze-Daniels (1986) indicated that a specific

node number may affect floral induction in California poppy (Eschscholzia californica

20

S IQAI 1A B8IBIC BLIBI IBINA



C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>