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(ABSTRACT)

Seeds of Hypoestes phyllostachya Bak. (polka-dot plant) did not require light to
germinate. Sowing method did not affect germination percentage and seedling fresh
weight. Bottom heat (24+2°C) promoted seedling growth but did not enhance
germination. Stem cuttings did not require bottom heat or rooting hormone to induce
adequate adventitious root formation. Three-node cuttings rooted more rapidly and had
a more extensive root system than two-node cuttings. Cuttings stuck at a density of 200
per flat rooted less vigorously than those stuck at a density of 135 or 150 per flat. When
unrooted cuttings were placed directly into 10 cm pots, root systems were more extensive
on cuttings stuck one per pot than on cuttings stuck three per pot. Under intermittent
mist, cuttings rooted more extensively than when covered with clear plastic domes.

Cultivar differences were observed within both seed and cutting treatments.

The optimal concentrations of ancymidol, chlormequat, ethephon, paclobutrazol,
and uniconazole to inhibit shoot growth and internode elongation of H. phyllostachya
were determined and found to be similar for both seed- and cutting-propagated plants.
Daminozide, even at 6000 mgeliter ~!, was ineffective. Two applications of chlormequat

at 1000 mgdliter~! resulted in similar height control as one application of 3000



mg.liter~!. Chlormequat and paclobutrazol are less expensive and were more effective
than ancymidol. White cultivars showed greater increase in plant height but less

increase in growth index than pink and red ones.

Hypoestes phyllostachya was found to be a quantitative (or facultative) short day
plant.  Seed-propagated plants which attained 16 nodes flowered regardless of
photoperiod, but flowering was more rapid under short day than under long days. When
applying ethephon at high concentrations, percentage of plants flowering decreased,
flowering was delayed, the number of aborted flower buds increased, and most of the
plants did not flower within 15 weeks of sowing. The optimal concentrations and time
of application for control of flowering for both seed- and cutting-propagated plants were
also determined. Plants which received two applications of ethephon at 1500
mgeliter~! had a lower percentage of flowering and a greater number of vegetative buds

than those received one or no application.
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Chapter 1. Introduction and Literature Review

INTRODUCTION

In the commercial production of potted plants, Hypoestes phyllostachya Bak.
(polka-dot plant, freckle-face, measles plant) is a relatively new crop. It is a colorful
foliage plant which may also be grown as a bedding plant (Still, 1988) since it is well
suited for low maintenance situations in the garden (Corley, 1981). Its production is
limited in the United States and research on this crop has been minimal despite its

attributes and the availability of a greater number of cultivars in recent years.

H. phyllostachya belongs to the Acanthaceae family and is native to Madagascar.
H. sanguinolenta (Everett, 1964; Graf, 1976, Everett, 1981; Ball Seed Co., 1990) has been
frequently, but incorrectly, used as a binomial for H. phyllostachya (Briggs and Calvin,
1987; Still, 1988); material grown as H. sanguinolenta should be listed as H.
phyllostachya (Bailey and Bailey, 1976). Polka-dot plant is chimeral and tends to sport;

different intensities and patterns of pigmentation may be observed on the same plant.



Polka-dot plant is a tender herbaceous perennial which can grow to 90 cm tall.
Leaves are opposite, green and speckled with varying shades and amounts of white, pink,
or red pigments. Its lavender flowers are solitary and axillary (Bailey and Bailey, 1976;
Everett, 1964; Everett, 1981; Dewolf, 1987) but not decorative (Everett, 1964; Everett,
1981). The calyx is 5-parted and is shorter than the corolla tube. The corolla is 2-lipped,
the upper lip is 3-lobed and the lower lip is entire. There are 2 stamens borne at the
mouth of corolla tube. The style is filiform and exerted with stamens. The stigma is
2-lobed. Its fruit is a capsule in which seeds are smooth, flat, and round, with a narrow

and membranous wing (Bailey and Bailey, 1976).

Polka-dot plant can be propagated by either stem cuttings or seeds (Everett, 1964;
McConnell et al., 1981; Briggs and Calvin, 1987; Still, 1988). Originally, only an
un-named pink cultivar, propagated by tip cuttings, was commercially available. This
was followed by the availability of ‘Pink Splash’ and ‘Improved Pink Splash’ seed.
Within the last five years, both seed- and cutting-propagated cultivars with white and

red coloration became commercially available.

Today, several colors are available for both seed- and cutting-propagation. For
example, Casa Flora (Dallas, TX) markets the "Hippo” series which includes "White’,
"Hot Pink’, and ‘Red’ cultivars propagated from stem cuttings (Casa Flora, 1990) while
Daehnfeldt Seed Co. (Albany, OR) markets the "Confetti” series which includes “White’,
‘Carmine Rose’, ‘Burgundy’ (formerly known as “Wine Red"), and ‘Red’ seed cultivars
(Daehnfeldt Seed Co., 1990). Other seed-propagated cultivars, such as ‘Pink Splash
Select’, "White Splash Select” and the “Splash” series, are also sold commercially (Ball
Seed Co., 1990; Vaughan's Seed Co., 1991; Jacques, D. J. 1990. Personal

communication. PanAmerican Seed Co. West Chicago, IL)



There are two major problems associated with the production of polka-dot plant.
Firstly, vigorous internode elongation often results in a plant which is tall and leggy
(Armitage and Carlson, 1980). Secondly, once the plant begins to flower, it will branch
copiously and develop very small leaves (Zimmer, 1985) which adversely affect its
commercial value. Further, the flowers are not attractive (Everett, 1964; Everett, 1981).
It seems to be necessary, therefore, to control plant height and inhibit floral initiation

during the commercial production of this crop.

Consequently, the three objectives of this research project were to:

1. Examine the important factors in seed and stem propagation; specifically, light,
sowing method, and bottom heat on seed germination; bottom heat, rooting
hormones, cutting size, cutting density, direct sticking, and humidity control

methods on rooting of stem cuttings;

2. Determine the efficacy of several chemical growth retardants on control of internode

elongation and plant height;

3. Elucidate the photoperiodic response of polka-dot plant and investigate both

chemical and cultural methods which might prevent flowering.

LITERATURE REVIEW

Limited research has been conducted with Hypoestes phyllostachya relative to other

foliage and potted crops. Scientific research has concentrated on the transfer of



metabolites to the vacuole from leaf plastids (for example, Vaughan and Wilson, 1981).
H. phyllostachya has also been used to monitor the effects of phenols on plastid fine
structure in order to improve the observation of plastid structure. This is due to its thin,
glabrous leaves which allow for easy penetration of the fixative and because of the high
levels of phenolic compounds in these plants, especially in the pink pigmented areas of
the leaf (Vaughan and Wilson, 1981). Comparatively little research has addressed the
two major production problems of height control (Armitage and Carlson, 1980) and
control of flowering (Zimmer, 1985). Because of the recent availability of new cultivars
and colors of H. phyllostachya, it seems that the popularity of this crop is or will be

increasing and that additional research is warranted.

Propagation

Polka-dot plant can be propagated from either seeds or cuttings. The optimal
temperature for germination has been recommended at 21-24°C (Ball Seed Co., 1990,
Daehnfeldt Seed Co., 1990; Vaughan’s Seed Co., 1991). Germination should take place
in 3-4 days (Daehnfeldt Seed Co., 1990), or up to 7-10 days (Ball Seed Co., 1990;
Vaughan’s Seed Co., 1991). Among most cultivated plants, light is not a major factor
in affecting germination (Mayer and Poljakoff-Mayber, 1989). Seeds of some plants,
including lettuce and many floral crops, require light to germinate, whereas others
require darkness (Hartmann er al, 1990). However, there has been no specific

information on the effect of light on seed germination of H. phyllostachya.

Depth of planting can be a critical factor in determining germination rate and

percentage (Hartmann et al., 1990). If seeds are sown too shallowly, the upper surface



of the medium dries rapidly and prevent imbibition; if too deeply, emergence of the
seedlings may be delayed because it takes longer time to penetrate the medium.
Commercially, seeds are either sown in rows and covered lightly by growing medium or
sown directly on the surface of the growing medium (Gyory, P. 1989. Personal
communication. Willow Run Greenhouses. Culpeper, VA). Some growers may use
plug culture by sowing seeds in plugs (400 cells per tray) (Daehnfeldt Seed Co., 1990;
Jacques, D. J. 1990. Personal communication. PanAmerican Seed Co. West Chicago,
IL) or may sow seeds directly into 10 cm pots (Daehnfeldt Seed Co., 1990; Gyory, P.

1989. Personal communication. Willow Run Greenhouses. Culpeper, VA).

Seed flats need to be kept moist at all times by placing them on a mist bench, in a
germination chamber, or by covering with glass or plastic (Daehnfeldt Seed Co., 1990,
Hartmann et al.,, 1990). As soon as germination takes place, it is necessary to remove
the cover in order to prevent heat build-up and excessive seedling elongation. When the
first true leaves are fully expanded (generally 14 to 21 days after germination), seedlings
are transplanted to 10 cm pots. In plug culture, a treatment of 750 mgeliter~!
chlormequat is applied at the first true leaf stage to control plant height (Daehnfeldt
Seed Co., 1990). Plugs are ready for transplant in 4 weeks and 28-35 days are required
to finish a 10 cm pot with 4-week-old plugs (Daehnfeldt Seed Co., 1990). Growers may
plant 3-4 (Daehnfeldt Seed Co., 1990) or up to 8 (Gyory, P. 1989. Personal

communication. Willow Run Greenhouses. Culpeper, VA) plants together in a pot in

order to produce a more full-looking pot.

Propagation of H. phyllostachya has been reported to be easily accomplished by
taking stem cuttings and inserting into a well-drained medium (Everett, 1964). The best

rooting temperature was suggested to be 20-22°C (Heinze, 1978) with a minimum



temperature of 18°C at night (Casa Flora, 1990). Bottom heat has been employed in the
production of some flowering plants and woody ornamentals because it elevates the root
zone temperature and allows for lower air temperatures to be used (Poole and Conover,
1990).  Further, bottom heat has been used to counteract the drop in media
temperatures caused by cold water used in mist systems (Hartmann ez al., 1990).
However, a scientific comparison of bottom heat treatments has not been reported for

H. phyllostachya.

Auxin-type growth regulators have been used to increase the percentage of cuttings
that form roots, hasten root initiation, increase the number and quality of roots per
cutting, and increase uniformity of rooting (Hartmann et al., 1990). Indolebutyric acid
(IBA) has been the most common rooting hormone for general use because it is
generally not phytotoxic over a wide concentration range and is effective in promoting
rooting of a large number of plant species (Hartmann er al., 1990). It has been indicated
that woody, difficult-to-root species should be treated with higher concentration
preparations, whereas tender, succulent, and easily rooted species should be treated with

low-concentration materials (Hartmann et al., 1990).

Cutting size and cutting density in the rooting tray could affect adventitious root
formation. Commercially, 4-5 cm long stem-tip cuttings of polka-dot plant are taken
from the stock plants and rooted in 135 plug trays (135 cells per 26 cm x 52 cm flat)
(Casa Flora, 1990). However, by taking smaller cuttings or changing the planting
density, root growth and subsequent plant growth might be modified. Conventional

mist-bed rooting requires transplanting the rooted cuttings into the final containers.



Usually, the stock plants are grown pot tight in 15 cm pots (Phillips, L. 1990.
Personal communication. Casa Flora. Dallas, TX). During naturally short days,
October to March, incandescent lights are provided as a night interruption from
2200-0200 h to keep plants vegetative (Casa Flora, 1990). It is also recommended that
growth regulators not be applied to stock plants, so as to promote the most rapid growth
and elongation for production of cuttings (Phillips, L. 1990. Personal communication.

Casa Flora. Dallas, TX).

Cultural Techniques

Filtered sunlight, very bright light (DeWolf, 1987), or full sun (Daehnfeldt Seed Co.,
1990) have been suggested to intensify leaf color and to keep H. phyllostachya plants
compact. Hypoestes phyllostachya would benefit from supplemental high intensity
lighting from the seedling stage onward; 600 foot candles for 16 hours daily could result
in adequate growth and shortened crop time (Daehnfeldt Seed Co., 1990). Insufficient
light intensity resulted in stretching and reduced pigmentation of the spots while high
intensity caused scorching of the foliage (Briggs and Calvin, 1987; Squire, 1988). During
naturally short days (October to March), it is suggested to use incandescent lighting (4

h night interruption) to maintain plants in the vegetative state (Casa Flora, 1990).

Polka-dot plant is sensitive to overwatering, so it is necessary to let the medium
approach dryness before watering (Powell and Vining, 1984). Fertilization can be made
by using either a constant liquid feed of 200 mg.liter~! with a balanced fertilizer (Casa
Flora, 1990) or 175 to 200 mgeliter~! 15-16-17 soluble fertilizer (Daehnfeldt Seed Co.,
1990).



Height Control

Light pruning or clipping at any time was generally used to maintain a full, bushy
growth habit (Powell and Vining, 1984; Briggs and Calvin, 1987). Since polka-dot plant
tends to stretch as it ages, it was suggested to replace them every few years with new
plants (DeWolf, 1987) and that polka-dot plant is visually appealing for about a year

before it needs replacing (Briggs and Calvin, 1987).

Commercial value of polka-dot plant depends mainly on height and compactness
of the plant. Application of plant growth retardants to potted plants have been used
on many horticultural crops to control plant height, form more rigid stems and darker
green foliage, improve plant quality, and increase commercial value (Gianfagna, 1987).
Since foliage plants are often produced under heavy shade and at close spacing,
controlling plant height by means of growth retardant application would make plants

sturdier and more attractive (Wang and Blessington, 1990).

Growth retardants generally inhibit the biosynthesis of gibberellic acid (GA), and
result in reduced stem elongation and intensified leaf color (Weaver, 1972; Gianfagna,
1987). To date, ancymidol (A-Rest), chlormequat (Cycocel), daminozide (B-Nine),
ethephon (Florel), and paclobutrazol (Bonzi, PP333), are commercially available and
used as commercial growth retardants on a variety of potted greenhouse crops.
Uniconazole (Sumagic, XE-1019) has potential for use in height control of bedding

plants (Barrett and Nell, 1986b), but is not yet commercially available.



Armitage and Carlson (1980) reported that applications of ancymidol at 200
mgeliter~! or chlormequat at 1500 mg.liter~! to unpinched cutting-propagated H.
phyllostachya plants significantly inhibited internode elongation and shoot length
compared with controls. ~When treated with daminozide (at rates up to 5000
mgeliter~!), plants were less responsive than those treated with ancymidol or
chlormequat (Armitage and Carlson, 1980). It was concluded that single applications
of ancymidol at 200 mg.liter~! or chlormequat at 1500 mgeliter~! would result in a
compact, highly marketable plant which was better in quality than one treated with
daminozide at 5000 mgsliter~! or no growth retardant at all. However, in these

experiments, only one concentration of each chemical was evaluated.

Besides inhibiting shoot elongation and intensifying leaf color, growth retardants
have also been shown to affect the total plant surface area. Armitage and Carlson
(1980) reported that, in H. phyllostachya, ancymidol or chlormequat treated plants
showed the greatest decrease in leaf size, but that no effect on leaf size occurred in

daminozide treated plants.

Commercially, it is suggested that growers use either one application of chlormequat
at 1500 mgeliter~! (Jacques, D. J. 1990. Personal communication. PanAmerican Seed
Co. West Chicago, IL) or two applications of chlormequat at 750 to 1500 mgeliter !
(Daehnfeldt Seed Co., 1990) for seed-propagated polka-dot plant. Usually the first
application is made after transplanting, as soon as young plants are established; the
second application is made two weeks later. In cutting-propagated polka-dot plant, a
combination spray of 1500 mg.liter ! chlormequat and 2500 mgsliter~! daminozide has

been recommended (Casa Flora, 1990). Applications are made 4-6 days after



transplanting and again 8-10 days later. In addition, paclobutrazol at 50 mgsliter~! is

very effective at minimizing stem stretch and intensifying leaf color (Casa Flora, 1990).

Ancymidol can be used either as foliar spray on poinsettia (33-66 mgeliter~!) and
foliage plants (33-132 mgeliter!) or as growing medium drench on dahlia (0.5-2 mg per
15 cm pot) and potted chrysanthemum (0.25-0.50 mg per 15 cm pot) (Tayama and
Carver, 1991). Frank and Donnan (1975) stated that foliar sprays of ancymidol on
eleven tropical foliage plants resulted in more compact and marketable value plants; the
effective rates, depending on species, ranged from 0.625 to 2.5 mg a. i. (active ingredient)
/sq ft (33 to 132 mgeliter~!). Furthermore, ancymidol at 50 mg.liter~!, was effective in
reducing internode elongation on several tropical foliage plants (Henley and Poole,
1974). Ancymidol also intensified the cream and red leaf pigmentation on the foliage

plant alternanthera (Frank and Donnan, 1975).

Chlormequat can be used as foliar spray (1500 mg.liter~!) on poinsettia and soil
drench on seed geranium (3000-4000 mgeliter~!') (Tayama and Carver, 1991).
Chlormequat effectively prevented internode elongation on azaleas, geraniums, and
poinsettias (Henley and Poole, 1974). In cutting-propagated geranium, 1500-2000
mg.liter ! chlormequat is often used for height control, whereas 1500 mg.liter ! is used
for both control of plant height and promotion of early flowering on seed-propagated
geranium (Tayama and Carver, 1991). However, it has been observed that chlormequat
used at 3000 mgeliter—! caused severe chlorosis or necrosis of young leaves of several
foliage plants (Henley and Poole, 1974). Less concentrated chlormequat applications
might inhibit stem elongation on some species without phytotoxic effects (Henley and

Poole, 1974).

10



Daminozide is commonly used as foliar spray on foliage plants (2500 mg.liter~!)
and on potted or cut chrysanthemum (2500-5000 mg.liter~!). On poinsettia, 2500

mgeliter ! sprays are suggested (Tayama and Carver, 1991).

Ethephon (Florel) is a compound which decomposes to release ethylene (Reid,
1987). Ethylene is known as a ripening, senescence, and abscission hormone, but it also
induces branching and reduces internode elongation (Shanks, 1982). Ethephon sprays
are used on daffodil (2000 mg.liter-!) and cutting-propagated geranium (500
mgeliter~!) for height control (Tayama and Carver, 1991). Ethephon applied to
geranium stock plants reduces the number of flowers while stimulating branching and
thus increasing the number of cuttings. The application can be made at approximately
two months intervals or as desired to coincide with a crop of cuttings. An average
dosage would be a foliar spray of 300 mgeliter~! although heavier doses are frequently
applied. There are varietal and seasonal differences in response. Some leaf yellowing

may be experienced in addition to the plant dwarfing (Shanks, 1982).

Paclobutrazol is effective for height control on many herbaceous species (Shanks,
1980; Barrett and Nell, 1986a). It can be used as both foliar spray (8-63 mg.liter~!) and
soil drench (0.125-0.25 mg per 15 cm pot) on poinsettia. Barrett and Nell (1986a) stated
that uniconazole and paclobutrazol can provide commercially desired height control for
bedding plants and that these chemicals are active on species in which daminozide is not

effective.

Uniconazole was effective at rates as low as 20 mgsliter~! on several bedding crops
(Barrett and Nell, 1986a). Uniconazole at 10 mgeliter~! desirably controlled height of

greenhouse-grown Hibiscus rosa-sinensis with minimal leaf distortion (Newman et al.,

11



1989). No apparent research has been conducted on the effect of paclobutrazol or

uniconazole on growth of polka-dot plant.

Cost of growth retarding chemicals is an important factor in commercial
production. Chlormequat is used extensively for height control in poinsettia since it is
less expensive than ancymidol (Gianfagna, 1987). A complete comparison of the major
growth retarding compounds and their effects on the growth of Hypoestes has not been
made. It would also be meaningful to identify the effective concentrations of each

chemical on both seed- and cutting-propagated plants and then determine their costs.

Control of Flowering

During the time of flowering, polka-dot plant changes its growth habit such that
newly formed leaves are very small (Zimmer, 1985). Zimmer (1979) indicated that flower
formation and the concomitant change of leaf morphology in H. phyllostachya are
dependent on photoperiod. More leaf pairs and shorter internodes were formed under
short day (SD) conditions (8 h natural daylight) than under long day (LD) (8 h natural

daylight + 8 h incandescent light, 100 Ix).

In most photoperiodic response types, plants exhibit either an absolute response or
a quantitative response (Bernier et al., 1981). Thus plants referred to as absolute (or
qualitative) short day plant (SDP) have an obligate requirement for SD. These plants
only flower when the day length is shorter than some critical daylength. On the other

hand, quantitative (or facultative) SDP will become reproductive under any daylength,
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but will do so more rapidly in SD. Such plants may or may not have a clear-cut critical

daylength (Bernier et al., 1981).

Zimmer (1985) indicated that polka-dot plant is a SDP with a critical daylength of
around 12 h. Flowering was reduced by a 2 h night break (warm white florescent light,
600 1x) during the middle of a 16 h dark period (Zimmer, 1980) although flowers were
formed even on plants given a night break. Zimmer (1985) indicated that a 16 h LD
completely inhibited flowering. Hypoestes aristata, a related species having showy
flowers, was also identified as a SDP with a critical daylength of about 12.5 h (Zimmer,
1985). Detailed effects of photoperiod and temperature on flowering, however, remain

scarcely reported.

Most plants grow vegetatively for some time after sowing. This is the juvenile phase
of growth (Bernier er al., 1981). As long as a plant is in this phase, vegetative growth
proceeds and the plant is totally insensitive to conditions which later promote floral
initiation. At the completion of this juvenile phase, the plants are sensitive to conditions
which ultimately result in flower initiation. In herbaceous plants the juvenile phase is
usually quite short, rarely more than a few days or weeks in duration (Thomas and

Vince-Prue, 1984).

Plant responses to inductive photoperiod during the transition from the juvenile to
mature phases have been investigated on some terminal flowering plants by subjecting
plants with increasing leaf number to inductive photoperiods (LD or SD) (Lyons and
Booze-Daniels, 1986; Bourke, 1990). Qualitative long day plants (LDP) such as
Eschscholzia californica (California poppy) (Lyons and Booze-Daniels, 1986) and

Rudbeckia hirta "Marmalade’ (Bourke, 1990) were increasingly sensitive to inductive LD
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conditions as plants aged. In both species, a minimum number of expanded leaves was
necessary for flowering in the shortest time once inductive conditions (LD) began. In
herbaceous species, the number of nodes to first flower may be used as a measure of the
duration of the juvenile phase (Bernier et al., 1981). Indeed, the experimental procedure
used by Lyons and Booze-Daniels (1986) and Bourke (1990) has not been tested on
axillary flowering plants such as Hypoestes. It is important to understand the
photoperiodic response and juvenile phase of polka-dot plant in order to manipulate its

reproductive cycle to, hopefully, inhibit flowering during crop production.

Ethylene promotes flower induction in certain plants such as Bromeliads and apple,
but has no effect on flowering in some plants such as poinsettia and can reduce or delay
flowering in many other plants (Shanks, 1982; Metzger, 1987). However, ethylene has
been shown to be involved in the regulation of senescence in a variety of plant organs
including leaves, flowers, and fruits (Pratt and Goeschl, 1969). It was indicated that
flower petal abscission (shattering) in seed-propagated geraniums was influenced by
ethylene; exogenous application of ethylene induced petal abscission (Armitage et al.,
1980). Ethephon sprays at 500 mg.liter-! are recommended for use on
cutting-propagated geranium promote flower bud abortion, reduce stem elongation, and
promote the development of lateral branches (Tayama and Carver, 1991). Therefore, the
use of ethephon may provide an opportunity to promote abscision or inhibition of

flowers in polka-dot plant.
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Chapter 2. Germination and Rooting of Hypoestes

phyllostachya

ABSTRACT

Several important factors which could affect seed and cutting propagation of
Hypoestes phyllostachya Bak. (polka-dot plant) were examined. Seeds did not require
light to germinate; however, seedling fresh weight was greater when germination took
place in light. Bottom heat (24 2°C) promoted greater seedling growth (fresh weight)
than non-heated controls but did not affect germination percentage. Stem cuttings did
not require bottom heat or rooting hormone to induce adequate adventitious root
formation. Three-node cuttings rooted more rapidly and had a more extensive root
system than two-node cuttings. Cutting density of 200 per standard-sized flat (5.76
cm?/cutting) significantly delayed or inhibited rooting; cutting density appeared to be
more important than the volume of medium available per cutting in terms of root

growth. When stuck directly into 10 cm pots, root systems were more extensive on
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cuttings stuck one per pot than on cuttings stuck three per pot, but root growth on the
latter was still greater than on cuttings stuck in flats. Cuttings rooted more extensively
under intermittent mist than when covered with clear plastic domes. Cultivar differences
were observed within both seed and cutting treatments; the white cultivar exhibited less

vigorous shoot and root growth than pink and red cultivars.

INTRODUCTION

Hypoestes phyllostachya Bak. (polka-dot plant) is a colorful foliage plant which can
be grown as a potted greenhouse crop or as a bedding plant. It can be propagated from
either stem cuttings or seeds (Everett, 1964; McConnell et al., 1981; Briggs and Calvin,
1987, Still, 1988). Originally, this plant was only propagated by cuttings but the effects
of recent breeding programs have resulted in the commercial availability of both seed-

and cutting-propagated cultivars with either white, pink, or red leaf pigmentation.

The optimal temperatures recommended for seed germination are 21 to 24°C (Ball
Seed Co., 1990; Vaughan's Seed Co., 1991), and germination can be expected within 3
to 4 days (Daehnfeldt Seed Co., 1990) or 7 to 10 days (Ball Seed Co., 1990; Vaughan's
Seed Co., 1991) of sowing. Among most cultivated plants, light is not a major factor in
germination (Mayer and Poljakoff-Mayber, 1989), but there is apparently no
information regarding a specific light or dark requirement for germination of Hypoestes
phyllostachya. Recommendations to cover seeds lightly with growing medium have been
suggested (Ball Seed Co., 1990) but one commercial grower sows seeds in rows on the

surface of the growing medium (uncovered) (Gyory, P. 1989. Personal communication.
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Willow Run Greenhouses. Culpeper, VA). Whether sowing method could affect seed

germination and ensuing seedling growth in polka-dot plant has not been reported.

Bottom heat may be used to counteract the effects of low medium temperature
caused by intermittent mist or low air temperatures (Hartmann er al., 1990). However,
it has not been determined whether the use of bottom heat can enhance seed
germination and rooting of stem cuttings of Hypoestes. Root-promoting hormones,
such as indolebutyric acid (IBA), are effective in promoting adventitious rooting of a
large number of plant species (Hartmann er al., 1990). Although rooting hormones are
usually not essential for eventual rooting of herbaceous cuttings, information associated

with their effects on rooting of Hypoestes is limited.

Cutting size and cutting density in the rooting tray may affect adventitious root
formation. Commercially, 4-5 cm stem-tip cuttings of polka-dot plant are taken from
the stock plants and rooted in 135 plug trays (135 cells per 26 cm x 52 cm flat) (Casa
Flora, 1990). However, using smaller cuttings or increasing planting density could affect
root growth, subsequent plant growth, and the economic feasibility of the practice. As
an alternative to conventional mist-bed rooting, which requires transplanting the rooted
cutting into the final container for subsequent crop growth, growers may stick cuttings
directly into the final container, as with poinsettias (Shanks, 1980) and geraniums

(Hammer, 1980).

Intermittent mist systems are widely used in cutting propagation to reduce
evapotranspiration from cuttings during the rooting process (Hartmann ez al., 1990).
Mist propagation has been replaced by “tenting” in some propagation situations. In this

system, cuttings are placed under plastic tents which maintain near maximum relative
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humidity around cuttings and thereby reduce evapotranspiration (Hartmann et al,,
1990). Humidity domes represent a miniaturized version of the tent system and are
typically made of transparent plastics and may be used in both seed and cutting
propagation. An evaluation of both systems (mist and tenting) on root growth of
Hypoestes cuttings has not been reported.
;

Objectives of this study were to investigate the effects of light, sowing method, and
bottom heat on seed germination; and to determine the influence of bottom heat, rooting
hormone, cutting size, cutting density, direct sticking, and humidity control method on

the rooting of stem cuttings of Hypoestes phyllostachya.

MATERIALS AND METHODS

Seed Germination

General: Seeds of 'Confetti White’, ‘Confetti Carmine Rose’, and ‘Confetti Red’
were obtained from Daehnfeldt Seed Co. (Albany, OR). Seed germinating flats (26 cm
x 52 cm x 6 cm deep) were filled with Sunshine Mix LG3 germinating medium
(Canadian sphagnum peat moss, vermiculite, dolomitic limestone, and wetting agent,;
Fisons Horticulture Inc., Vancouver, B. C., Canada). On 27 January, 1990, seeds of
each cultivar were sown (spaced equally, 11.3 cm?/seed) on the surface of the medium
in rows with 10 seeds in each row and 30 seeds for each variety. Three 10-seed replicates

of each cultivar were used for each treatment in a completely randomized design. Flats
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were covered by clear humidity domes and placed on a bench in a glass greenhouse with
air temperatures of 19-24°C (night/day). Long days (LD) were created by providing
night interruption from 2200 to 0200 h with incandescent lights (PPF of 3-4
umoles~lem~2 at the top of the flats) throughout the experiment. If the surface of the
medium began to dry, a mist nozzle was used to re-wet the medium. Plastic covers were
removed when nearly 80% of the seeds were germinated in order to prevent heat

build-up in the flats.

Germination percentage was recorded every two days throughout the experiment.
Three weeks after sowing, when most seedlings had fully expanded leaves at the first
node above the cotyledons, seedling fresh weights were determined by weighing
individual shoots. Fresh weight of the seedlings was recorded (as opposed to dry
weights) because an earlier experiment (not presented) indicated a high correlation
(R2=10.93) between dry weight and fresh weight of the shoots (Appendix A). Data were

subjected to analysis of variance (ANOVA).

Light/Dark Treatments: Darkness was provided by wrapping the flat and humidity
dome with 0.1 mm black plastic for 4 days after sowing (until germination occurred).
The control seeds were germinated as described above. Bottom heat (24+2°C) was

provided by placing both flats on a heating mat.

Sowing Technique Treatments: Seeds were either sown directly on the surface or
lightly covered by 2-3 mm of growing medium. Bottom heat (24 +2°C) was provided to

both treatments.
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Bottom Heat Treatments: Bottom heat was provided throughout the experiment by
placing the flat on heating mat with temperatures controlled at 24+ 2°C in the medium.
The control seed flat was placed directly on the same greenhouse bench (temperatures

were not recorded).

Rooting of Stem Cuttings

General: Unrooted stem-tip cuttings (4 to 5 cm long with 3 nodes and 3 pairs of
fully expanded leaves) of "Hippo White’, ‘Hippo Pink’, and ‘Hippo Red’ were obtained
from Casa Flora (Dallas, TX) on 4 April, 1990. Sunshine Mix #1 (Canadian sphagnum
peat moss, perlite, dolomitic limestone, and wetting agent; Fisons Horticulture Inc.,
Vancouver, B. C., Canada) was used as the rooting medium. Fifteen cuttings of each

cultivar were used for each treatment in a completely randomized design.

Prior to sticking, the base of each cutting was dipped into Hormodin #1
(MSD-Agvet (Merck & Co., Inc.), Rahway, NJ) rooting powder (0.1% indole-3-butyric
acid; IBA). Cuttings were stuck into seed flats (26 cm x 52 cm x 6 cm deep) at a density
of 200 per flat (5.76 cm?/cutting) and placed under intermittent mist. The mist bed was
covered with 55% shade cloth and located in a fiberglass house with ambient air
temperatures of 23-28°C. Bottom heat (24+2°C) was provided by placing flats on a
heating mat. The mist cycle was “on” every 8 minutes for 12 seconds from 0800 to 1700

h.

Cuttings were harvested four weeks after sticking; roots were washed and fresh

weights of shoots and roots were determined. Total fresh weight was calculated by
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adding shoot and root fresh weights. The length of the longest root on each cutting was

also determined. Data were subjected to analysis of variance (ANOVA).

Bottom Heat Treatments: No rooting hormone was applied. One group of cuttings
was placed on a heating mat throughout the experiment with medium temperatures of
24+2°C and the control flat (temperatures were not recorded) was placed directly on the

same greenhouse bench.

Rooting Hormone Treatments: Treatments included non-treated controls, and
dipping the base of cuttings into Hormodin #1 rooting powder (0.1% IBA) or Hormodin
#2 (0.3% IBA) (MSD-Agvet (Merck & Co., Inc.), Rahway, NJ) prior to sticking.

Bottom heat (24 + 2°C) was provided to rooting hormone treatments.

Cutting Size Treatments: Tip cuttings possessed two nodes (2-3 cm long with two
pairs of fully expanded leaves) or three nodes (4-5 cm long with 3 pairs of fully expanded
leaves). Cuttings were dipped in Hormodin #1 and stuck directly into 10 cm azalea pots

with one cutting per pot. No bottom heat was provided.

Cutting Density Treatmeﬁts: Cuttings were stuck in open flats with either equal
spacing between cuttings or in rows, or were stuck into a 135 plug tray (135 cells per 26
cm x 52 cm flat). Equally-spaced cuttings were placed 2.4 cm between and within rows
resulting in a density of 200 cuttings per flat (20 columns x 10 rows, 5.76 cm?/cutting)
(35.4 cm® of medium available per cutting). Cuttings propagated in rows were further
apart between rows (4.7 cm) and closer within rows (1.6 ¢cm) resulting in a planting
density of 150 cuttings per flat (10 columns x 15 rows, 7.52 cm?/cutting) (46.2 cm?® of

medium available per cutting). The cutting density in the plug tray was 135 per flat (15
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columns x 9 rows, 10.0 cm?/cutting) (23.1 cm® of medium available per cutting).

Bottom heat (24 £ 2°C) was provided.

Direct Sticking Treatments: Cuttings were directly stuck into 10 cm azalea pots with
either one cutting or three cuttings spaced equally per pot. No bottom heat was

provided.

Humidity Control Systems: Cuttings were propagated in two separate flats; one
covered by a humidity dome and the other placed under intermittent mist. The medium
was irrigated by using a fine mist nozzle when it started to dry on the surface (humidity

dome treatment). Bottom heat was not used.

RESULTS AND DISCUSSION

Seed Germination

In general, seeds germinated within two to four days of sowing (Figures 2.1, 2.2, 2.3)
and the final germination percentages were greater than 77% in all treatments (Tables
2.1, 2.2, 2.3). Further, seeds of "Confetti Carmine Rose” and ‘Confetti Red’ consistently
germinated at rates above 90%. In general, ‘Confetti White’ exhibited a lower final
germination percentage and seedling fresh weight than ‘Confetti Carmine Rose’, and
‘Confetti Red’. These results indicate that seeds of polka-dot plant will readily

germinate.
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Light was not essential for germination (Figure 2.1, Table 2.1), because the final
germination percentage was greater than 93% in all three cultivars when seeds were
germinated in the dark. Under light conditions (Figure 2.2), the final germination
percentage was also greater than 80% (Table 2.1). Germination was complete within
two days after sowing except for ‘Confetti White” which germinated at a slightly lower
percentage in the light than in the dark, although the differences in final germination
percentage between treatments were not statistically significant. This reflects the
observation that cultivated plants generally germinate equally well in the dark and in the
light (Mayer and Poljakoff-Mayber, 1989). Seeds of some plants, including lettuce and
many floral crops, require light to germinate, whereas others require darkness
(Hartmann et al., 1990). A requirement for light is frequently associated with small
seeds, which have only minimal amounts of stored food for early germination, so that
it might be advantageous for them to germinate under conditions in which where
photosynthesis can begin upon germination (Bidwell, 1979; Mayer and
Poljakoff-Mayber, 1989). In Hypoestes, however, seeds did not possess a light or dark

requirement.

In spite of this lack of photosensitivity, however, shoot fresh weight was
significantly lower when seeds were germinated in the dark than when exposed to light
(Table 2.1). Seedling etiolation was observed on young seedlings that had been
germinated under darkness. This may explain the resulting differences in shoot fresh
weight. Seedlings grown in total darkness develop the characteriétics of etiolation; they
are elongated, weak, and without chlorophyll (Bidwell, 1979; Bradbeer, 1988). However,
the subsequent exposure of Hypoestes to light conditions after four days in the dark

likely made the etiolation characteristics less obvious.
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Sowing method minimally affected germination rate and percentage (Figure 2.2,
2.3). Two days after sowing, seeds lightly covered by growing medium showed only
13-30% germination, likely because the covering medium either masked the actual
germination or physically impeded shoot emergence. Four days after sowing, however,
the germination percentage was nearly the same as that under conditions in which seeds
were not covered by medium. The differences in final germination percentage and
seedling fresh weight between treatments were not significant (Table 2.2). ‘Confetti
White" exhibited slightly lower final germination percentage when seeds were not
covered with medium. In similar experiments (data not presented), however, it was
observed that all three cultivars reached 100% germination and no cultivar differences

were observed.

Depth of planting can be a critical factor in determining germination rate
(Hartmann et al., 1990). If seeds are sown too shallowly, the upper surface of the
medium may dry and prevent imbibition; if too deeply, emergence of the plumule may
be delayed because of difficulty in penetrating the medium. Therefore, it is suggested
that small seeds be sown on the surface, medium seeds be lightly covered to about the
diameter of the seeds, and large seeds be planted at a depth of two to three times their
minimum diameter (Hartmann ez al.,, 1990). In Hypoestes phyllostachya, germination
could take place either when the seeds were sown on the surface or when they were
covered by 2-3 mm of growing medium (about 2-3 times their diameter). Even though
there was a two-day delay on seedling emergence when seeds were covered, seeds
eventually germinated successfully without any apparent difficulty in penetrating the

germination medium.
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Bottom heat did not significantly affect seed germination (Table 2.3). However, in
all three cultivars, young seedlings provided with bottom heat had 56-60% greater fresh
weight than non-heated seedlings (Table 2.3). Regardless of bottom heat treatment,
cultivar was a significant effect on final germination percentage. In general, ‘Confetti
Red’ seedlings had the greatest shoot fresh weights while “Confetti White’ seedlings had

the lowest fresh weight.

The bottom heat temperatures of 24+ 2°C used in this experiment were close to the
optimal temperature (21-24°C) which has been recommended for seed germination in
polka-dot plant (Ball Seed Co,, 1990; Daehnfeldt Seed Co., 1990; Vaughan’s Seed Co.,
1991). Hence, if cost of providing bottom heat is not a major factor, the use of bottom
heat would be recommended to promote more expansive seedling growth and, perhaps,
to shorten the time required from sowing to transplant. However, if ambient and
bottom heat temperatures are in optimal range, the use of bottom heat might be

unnecessary.

Rooting of Stem Cuttings

Providing bottom heat at 24 &+ 2°C negatively affected root growth (Table 2.4). In
general, root fresh weight and root length were lower when bottom heat was applied,
especially for ‘"Hippo White’ in which root fresh weight was 40% lower in treated
cuttings. Total fresh weight did not differ significantly between treatments, though. In
this experiment, the bottom heat temperatures used were within the ambient air
temperatures range (23-28°C) in the greenhouse. Although temperatures of the control

flat were not recorded, medium temperature in unheated controls might be expected to
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have been in this temperature range or slightly lower as a result of the cooling effect of
mist (Hartmann et al.,, 1990). This may explain the differences in root growth between
heated and non-heated cuttings. The results suggest that polka-dot plant is an

easy-to-root plant.

Bottom heat has been used in the production of several flowering plants and woody
ornamentals to reduce energy costs, because elevating the root zone temperature allows
a lower air temperature in the greenhouse (Poole and Conover, 1990). Its use in mist
propagation beds may also counteract the low medium temperatures caused by cold
water in mist systems (Hartmann et al., 1990). In this experiment bottom heat was likely
not beneficial because either the mist temperature was not low enough to hinder rooting,
air temperatures maintained an adequately warm medium temperature, and/or this crop

is not affected by medium temperature.

Rooting hormone concentration did not significantly affect root fresh weight, root
length, or total fresh weight of rooted cuttings (Table 2.5). The responses of the three
cultivars to hormone rate was minimal and inconsistent. The results indicate that

polka-dot plant will root readily without the use of rooting hormones.

The purpose of treating cuttings with auxin-type growth regulators is to increase the
percentage of cuttings that form roots, hasten root initiation, increase the number and
quality of roots produced per cutting, and increase uniformity of rooting (Hartmann et
al., 1990). However, a positive response to rooting hormones is not universal. It has
been indicated that woody, difficult-to-root species should be treated with higher
concentration whereas tender, succulent, and easily rooted species should be treated with

low-strength materials (Hartmann et al., 1990). Polka-dot plant will root readily not
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only at low concentrations (0.1% IBA), but also without treatment. Consequently, in
H. phyllostachya, the use of a rooting hormone is unwarranted unless other conditions
were limiting to adventitious rooting. Although root-promoting substances may not be
absolutely required for herbaceous cuttings, they are often used to gain uniformity in
rooting and development of heavier root systems (Hartmann ez al., 1990). Under these
conditions, the use of 0.1% IBA may be recommended for rooting of H. phyllostachya

cuttings.

Three-node cuttings resulted in greater root fresh weight, longer roots, and greater
total fresh weight than two-node cuttings (Table 2.6). For example, two-node "Hippo
White” cuttings had only 0.11 g root fresh weight whereas the three-node cuttings had
0.41 g. All three cultivars showed the same dramatic differences between treatments.

In general, "Hippo White” had the least amount of growth among three cultivars.

It has been suggested that herbaceous and softwood cuttings be 7.5-12.5 ¢cm long
and contain two or more nodes (Hartmann er al., 1990). In polka-dot plant, taking
stem-tip cuttings which were 4-5 cm long with three nodes produced significantly more
and longer roots than cuttings which were shorter. Consequently, using three-node
cuttings would be recommended so that propagation time could be minimized and
subsequent plant growth maximized. However, in order to decrease the costs associated
with producing cuttings or to increase the planting density per flat, the use of two-node
cuttings might be suggested. In commercial production of Hypoestes stem cuttings,
two-node cuttings are usually used (Phillips, L. 1990. Personal communication. Casa

Flora. Dallas, TX).
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In general, cuttings propagated at equal spacing displayed lower root fresh weight
than those rooted in rows or in plugs (Table 2.7). Increasing cutting density from 150
to 200 per flat drastically reduced root growth. When sticking 200 cuttings per flat, root
fresh weight was 35-63% lower than when sticking 150 cuttings per flat. In plugs,
cuttings were individually rooted and root systems likely did not experience competition
between plants as the other two treatments. Therefore, they attained greater root
growth even though the volume of medium (23.1 cm?®) allotted for each cutting in the
plug tray was less than for those propagated at equal spacing (354 cm3®). The
differences in root growth of cuttings stuck at 150 per flat versus in plugs were
insignificant for all cultivars. Cuttings propagated in plug trays rooted as well as those
rooted at 150 per flat even though the volume of medium available per cutting was

double in the 150 per flat treatment.

For commercial production, the use of plug trays has several advantages. Firstly,
there is less medium per flat so that the plug trays are lighter and easy to carry.
Secondly, cuttings rooted in plug trays can be easily removed by inverting and tapping
the trays (Hartmann er al,, 1990) so that transplanting is accomplished more easily.
Thirdly, there is minimal nutrient and moisture competition between cuttings. Thus,
although fewer cuttings (135) were stuck into a plug tray and less medium was used,

quality and uniformity of the roots were greater.

When cuttings were stuck directly into 10 cm pots, single cuttings had greater root
growth than cuttings stuck three per pot (Table 2.8). Cultivar had significant effects on
root fresh weight, root length, and total fresh weight; in general, "Hippo Pink’ had
greater root growth than "Hippo Red’ and ‘Hippo White’. The volume of medium

available for one cutting per pot (550 cm?®) was three times greater than that for each
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cutting stuck three per pot (183 cm?) but total root growth of three cuttings was nearly
two times greater than that of one cutting. The total root fresh weight of three cuttings
was also three times greater than that of single cutting rooted at equal spacing, in rows,

or in plugs (Table 2.7 and 2.8).

By direct sticking, the production step of transplanting and the potential for
transplant shock can be avoided (Hartmann et al., 1990). In geraniums, commercial use
of direct rooting in the final pot has become relatively common (Rogers, 1982).
Although it was found that direct sticking requires more bench space than the traditional
method (rooting cuttings in propagating benches and then potting), labor costs for
transplanting could be saved (Hammer, 1980; Rogers, 1982), with the savings being

often greater than the cost of additional bench space (Rogers, 1982).

Cuttings rooted under intermittent mist system had greater root fresh weight, longer
roots, and greater total fresh weight than those rooted under a humidity dome (Table
2.9). Under mist, root fresh weight was approximately double that under humidity

dome. There were no significant differences in root fresh weight among cultivars.

Herbaceous cuttings generally require high humidity conditions in order to root
(Hartmann ez al., 1990). Less extensive rooting under the humidity dome may have been
due to the heat build-up inside the humidity dome since it is an enclosed system although
the temperatureé were not measured. In contrast, intermittent mist lowers ambient air
temperature and, consequently, leaf temperature (Hartmann et al., 1990), therefore, heat
will not build up around the cuttings. The other possibility was that cuttings propagated
under the humidity dome might have been subjected to moisture fluctuations in the

medium due to the watering schedule; irrigation was performed when the medium started
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to dry on the surface whereas, under intermittent mist, cuttings were provided with a

more constant and uniform moisture level.

In summary, Hypoestes phyllostachya can be easily propagated by either seeds or
stem cuttings. No light is required for seed germination. Indeed, under darkness,
etiolation and lower seedling fresh weight were observed. In general, ‘Confetti White’
had the lowest shoot fresh weight among three cultivars. Further, ‘Confetti White’
might be more sensitive to environmental stresses such as high light intensity and
moisture fluctuation. Bottom heat (24 + 2°C) significantly enhanced seedling growth but

did not affect germination percentage.

For rooting of cuttings, the use of bottom heat (24+2°C) and rooting hormone
were not necessary. Three-node cuttings rooted faster and had greater root fresh weight
than did two-node cuttings. Cuttings growing in rows in flats or in 135 plug trays had
more space and less competition between cuttings than equal-spaced cuttings and,
therefore, had a more extensive root system. When growing three cuttings per 10 cm
pot, there was less root growth per cutting compared to one-cutting pots. Intermittent
mist apparently provided a more constant moisture level and lower temperature around
the cuttings than did humidity domes; therefore, root growth was greater than under a
humidity dome. In germination, cutting size, and direct sticking treatments, the white
cultivar exhibited the least amount of root growth among the three cultivars evaluated

in this study.
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Figure 2.1. Germination of Hypoestes seeds in the dark. Seeds were exposed to ambient
light conditions after germination (day 4). Each point represents a mean of three 10-seed
observations = SE. If not shown, error bar lies with symbols.
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Figure 2.2. Germination percentage of Hypoestes seeds not covered by germinating
medium after sowing and exposed to ambient light conditions. Each point represents a
mean of three 10-seed observations + SE. If not shown, error bar lies with symbols.
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bar lies with symbols.
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Table 2.1. Effect of light on germination and growth of Hypoestes phyllostachya three
weeks after sowing. Seeds were germinated either under darkness (first four days after
sowing) or under ambient light conditions. Bottom heat (24 & 2°C) was provided in all

treatments. Data are means of three 10-seed observations.

Light Final Germination Shoot Fresh

Cultivar Treatment Percentage Weight
(%) (9)

'Confetti White'

Dark 93 a? 0.05

Light 80 a 0.08 a
'Confetti Carmine Rose'

Dark 93 a 0.08

Light 97 a 0.11
'Confetti Red'

Dark 100 a 0.09 b

Light 100 a 0.14 a
Analysis of Variance
Light (L) NS Lid
Cultivar (cv) ok %
L x CV NS NS

Means within a column for each cultivar followed by different letters are significantly
different by Student-Newman-Keul's multiple range test (P = 0.05).

¥."*Not significant or significant at P = 0.01.
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Table 2.2. Effect of sowing method on germination and growth of Hypoestes
phyllostachya three weeks after sowing. Seeds were either lightly covered by growing
medium (2-3 mm) or exposed to ambient light conditions. Bottom heat (24 +2°C) was
provided in all the treatments. Data are means of three 10-seed observations.

Sowing Final Germination Shoot Fresh

Cultivar Method Percentage Weight
(%) (g)

‘Confetti White'

Covered 97 a? 0.10 a

Exposed 80 a 0.08 a
'Confetti Carmine Rose'

Covered 100 a 0.11 a

Exposed 97 a 0.11 a
'‘Confetti Red'

Covered 100 a 0.12 a

Exposed 100 a 0.14 a
Analysis of Variance
Sowing Method (SM) * NS
Cultivar (CV) *% %
SM x CV * *

*Means within a column for each cultivar followed by the same letter are not significantly
d{f£grent by Student-Newman-Keul's multiple range test (P = 0.05).
¥.%"Not significant or significant at P = 0.05 and 0.01 level, respectively.
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Table 2.3. Effect of bottom heat (24+ 2°C) on germination and growth of Hypoestes
phyllostachya three weeks after sowing. Bottom heat was provided by placing the seed
flat on a heating mat. Seeds were sown on the surface and exposed to ambient light
conditions. Data are means of three 10-seed observations.

Bottom Final Germination Shoot Fresh

Cultivar Heat Percentage Weight
(%) (9)

‘Confetti White'

Without 77 at 0.05 b

With 80 a 0.08 a
‘Confetti Carmine Rose!

wWithout 100 a 0.07 b

With 97 a 0.11 a
'Confetti Red'

Without 97 a 0.09 b

with 100 a 0.14 a
Analysis of Variance
Bottom Heat (BH) NS *k
Cultivar (CV) ** **
BH x CV NS NS

IMeans within a column for each cultivar followed by different letters are significantly
d%gferent by Student-Newman-Keul's multiple range test (P = 0.05).
¥."*Not significant or significant at P = 0.01.
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Table 2.4. Effect of bottom heat (24£2°C) on rooting of stem cuttings of Hypoestes
phyllostachya four weeks after sticking. Bottom heat was provided by placing the flat
on a heating mat. Cuttings were equally spaced in flats and not treated with a rooting

hormone. Data are means of 15 observations.

Bottom Root Fresh Root Total Fresh
Cultivar Heat Weight Length Weight
(g) (cm) (9)
'Hippo White'
Without 0.10 a* 9.3 a 0.70 a
with 0.06 b 8.1 a 0.71 a
'Hippo Pink'
Without 0.12 a 13.5 a 0.85 a
With 0.10 a 12.7 a 0.94 a
'Hippo Red!
Without 0.13 a 12.7 a 0.86 a
With 0.08 a 9.6 b 0.79 a
Analysis of Variance
Bottom Heat (BH) LA *% NS
Cultivar (cv) NS *k *k
BH x CV NS NS NS

*}Means within a column for each cultivar followed by different letters are significantly

dggferent by Student-Newman-Keul's multiple range test (P = 0.05).
¥."Not significant or significant at P = 0.01.
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Table 2.5. Effect of rooting hormones on rooting of stem cuttings of Hypoestes
phyllostachya four weeks after sticking. The base of each cutting was dipped in 0.1%
IBA (Hormodin #!), 0.3% IBA (Hormodin #2), or not treated prior to sticking.
Cuttings were equally spaced in flats with bottom heat (24+2°C) provided. Data are

means of 15 observations.

Rooting Root Fresh Root Total Fresh
Cultivar Hormone Weight Length Weight
(9) (cm) (9)
'Hippo White'
None 0.06 at 8. 0.71 a
0.1% IBA 0.09 a 7 a 0.72 a
0.3% IBA 0.12 a . 0.80 a
'Hippo Pink!'
None 0.10 a 12.7 a 0.94 a
0.1% IBA 0.10 a 12.3 a 0.93 a
0.3% IBA 0.10 a 10.1 a 0.83 a
'Hippo Red'
None 0.08 a 9.6 b 0.79 a
0.1% IBA 0.13 a 13.4 a 0.91 a
0.3% IBA 0.10 a 9.0 b 0.81 a
Analysis of Variance
Rooting Hormone (RH) NS NS NS
Cultivar (cV) NS k% *
RH x CV NS * NS

!Means within a column for each cultivar followed by different letters are significantly
different by Student-Newman-Keul's multiple range test (P = 0.05).
¥,*."Not significant or significant at P = 0.05 and 0.01 level, respectively.
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Table 2.6. Effect of cutting size on rooting of stem cuttings of Hypoestes phyllostachya
four weeks after sticking. Terminal stem cuttings were either two-node (2-3 cm long)
or three-node (4-5 cm long). All the cuttings were stuck into 10 cm pots with one cutting
per pot and treated with 0.1% IBA prior to sticking. No bottom heat was used. Data
are means of 15 observations.

Cutting Root Fresh Root Total Fresh

Cultivar Size Weight Length Weight
(9) (cm) (9)

'Hippo White'

2~-Node 0.11 b? 8.6 b 0.30 b

3-Node 0.41 a 13.2 a 0.99 a
'Hippo Pink'

2-Node 0.28 b 13.7 b 0.69 b

3-Node 0.51 a 15.6 a 1.28 a
'Hippo Red'

2-Node 0.17 b 12.6 b 0.44 b

3-Node 0.47 a 16.1 a 1.19 a

Analysis of Variance

Cutting Size (CS) *% *k *k
Cultivar (cv) "k *h I
CsS x CV NS * NS

zM‘ezms within a column for each cultivar followed by different letters are significantly
d)..f'f‘erent by Student-Newman-Keul's multiple range test (P = 0.05).
¥."."*Not significant or significant at P = 0.05 and 0.01 level, respectively.
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Table 2.7. Effect of cutting density on rooting of stem cuttings of Hypoestes
phyllostachya (four weeks after sticking). Cuttings were stuck into 135 plug trays (135
cuttings/tray), in rows (150 cuttings/flat), or in flats spaced equally (200 cuttings/flat).
Cuttings were treated with 0.1% IBA prior to sticking and provided with bottom heat
(24£2°C). Data are means of 15 observations.

Cutting Volume of Root Fresh Root Total Fresh
Cultivar Density Medium (cm®)/ Weight Length Weight
Cutting (g9) (cm) (9)
'Hippo White'
135 (plug) 23.1 0.21 a? 13.0 b 0.86 a
150 (rows) 46.2 0.24 a 15.9 a 0.88 a
200 (equal) 35.4 0.09 b 7.0 ¢ 0.72 a
'‘Hippo Pink'
135 (plug) 23.1 0.25 a 16.2 a 1.09 a
150 (rows) 46.2 0.21 a 15.2 ab 0.94 a
200 (equal) 35.4 0.10 b 12.3 b 0.93 a
'‘Hippo Red'
135 (plug) 23.1 0.22 a 14.2 a 0.96
150 (rows) 46.2 0.20 a 15.2 a 0.87 a
200 (equal) 35.4 0.13 b 13.4 a 0.91 a
Analysis of Variance
Cutting Density (CD) *x *x *
Cultivar (cvV) NS *x *k
CD x CV * ko NS

*Means within a column for each cultivar followed by different letters are significantly

di;sgrent by Student-Newman-Keul's multiple range test (P = 0.05).
5,*.*Not significant or significant at P = 0.05 and 0.01 level, respectively.
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Table 2.8. Effect of direct sticking on rooting of stem cuttings of Hypoestes phyllostachya
four weeks after sticking. Cuttings were directly stuck into 10 cm pots with either one
or three cuttings per pot. Cuttings were treated with 0.1% IBA prior to sticking. No
bottom heat was provided. Data are means of 15 observations.

Number of Root Fresh Root Total Fresh
Cultivar Cuttings Weight Length Weight
Per Pot (g) {cm) (g)
‘Hippo White'
One 0.41 a* 13.2 a 0.99 a
Three 0.24 b 12.5 a 0.80 b
'Hippo Pink'
One 0.51 a 15.6 a 1.28 a
Three 0.39 b 15.0 a 1.26 a
'Hippo Red'
One 0.47 a 16.1 a 1.19 a
Three 0.31 b 13.3 b 1.01 b
Analysis of Variance
No. of Cuttings (NC) ki *% *h
Cultivar (cv) ** '] *%
NC x CV NS * % NS

*Means within a column for each cultivar followed by different letters are significantly
d;gferent by Student-Newman-Keul's multiple range test (P = 0.05).
¥S,**Not significant or significant at P = 0.01.
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Table 2.9. Effect of humidity control system on rooting of stem cuttings of Hypoestes
phyllostachya four weeks after sticking. One group of cuttings was covered by a humidity
dome and the other was placed under intermittent mist. Cuttings were treated with 0.1%
IBA prior to sticking. No bottom heat was used. Data are means of 15 observations.

Humidity Root Fresh Root Total Fresh
Cultivar Treatment Weight Length Weight
(g) (cm) (9)
'Hippo White'
Mist 0.16 a* 9.4 a 0.79 a
Humidity 0.07 b 6.3 b 0.52 b
Dome
'Hippo Pink'
Mist 0.17 a 12.9 a 1.03 a
Humidity 0.10 b 10.0 b 0.70 b
Dome
'Hippo Red'
Mist 0.18 a 13.4 a 0.89 a
Humidity 0.09 b 8.4 b 0.60 b
Dome

Analysis of Variance

Humidity (H) ok * *k
Cultivar (cCV) NS LA *k
Hx CV NS NS NS

IMeans within a column for each cultivar followed by different letters are significantly
dggferent by Student-Newman-Keul's multiple range test (P = 0.05).
¥S."*Not significant or significant at P = 0.01.
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Chapter 3. Influence of Growth Retardants on

Hypoestes phyllostachya

ABSTRACT

Several growth retardants were evaluated to determine their effects on plant height
and internode elongation in Hypoestes phyllostachya Bak. (polka-dot plant). Sprays of
ancymidol (A-Rest), chlormequat (Cycocel), ethephon (Florel), paclobutrazol (Bonzi,
PP333), and uniconazole (Sumagic, XE-1019) were effective in inhibiting shoot growth
and internode elongation at 100-150, 1000-2000, 500-1500, 33-67, and 10-20 mgeliter~!,
respectively. Daminozide (B-Nine), even at 6000 mgeliter—!, was ineffective compared
to other growth retardants although minor effects on plant height and internode length
were observed. Ethephon was effective in retarding plant growth, but at 1500 to 2500
mgeliter ! resulted in leaf distortion and caused shoots to grow horizontally rather than
upright. Two applications of chlormequat at 1000 mg.liter~! resulted in plants which

appeared similar to those which received a single application of chlormequat at 3000
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mg.liter~!. Among the growth retardants evaluated, ancymidol is the most expensive
to use in terms of the cost for chemical required at effective levels; chlormequat and
paclobutrazol are less expensive and were more effective than ancymidol. Uniconazole,
effective at only 10-20 mg.liter~ !, could be an adequate growth retardant should it
become commercially available. Both seed- and cutting-propagated plants responded
similarly to growth retardants; optimal concentration ranges for each chemical were the
same for both types of plants. White cultivars exhibited the greatest increase in plant
height (compared to pink and red cultivars) when not treated with growth retardants and

also tended to be less responsive to chemical treatments.

INTRODUCTION

Hypoestes phyllostachya Bak. (polka-dot plant, freckle-face, measles plant) is a
colorful foliage plant which can be grown as a potted greenhouse crop or as a bedding
plant. It can be propagated from either stem cuttings or seeds (Everett, 1964;
McConnell er al., 1981; Briggs and Calvin, 1987, Still, 1988). Originally, this plant was
only propagated by cuttings, but the effects of recent breeding programs have resulted
in the commercial availability of both seed- and cutting-propagated cultivars with either

white, pink, or red leaf pigmentation.

Polka-dot plant can grow to 90 cm (Dewolf, 1987) but commercial value of
polka-dot plant depends significantly on height and compactness of the plant. Under
low light intensities, this plant tends to stretch (Powell and Vining, 1984; Briggs and

Calvin, 1987) and exhibit reduced leaf pigmentation (Briggs and Calvin, 1987). Vigorous
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internode elongation can occur even under relatively high light intensities, resulting in a
plant of reduced commercial value (Armitage and Carlson, 1980). Research concerning
chemical control of polka-dot plant height was performed only on cutting-propagated

materials (Armitage and Carlson, 1980).

Application of plant growth retardants to potted plants has been used on many
horticultural crops to control plant height, form more rigid stems and yield darker green
foliage, and improve plant quality and increase crop value (Gianfagna, 1987). Growth
retardants generally inhibit the biosynthesis of GA, and therefore inhibit stem elongation
(Weaver, 1972; Gianfagna, 1987). The most commonly used growth retarding chemicals
for commercial greenhouse crops include ancymidol (A-Rest), chlormequat (Cycocel),
daminozide (B-Nine), and paclobutrazol (Bonzi, PP333). Uniconazole (Sumagic,
XE-1019) has potential for use in height control of bedding plants (Barrett and Nell,

1986b), but is not yet commercially available.

Ancymidol sprays were effective in inhibiting internode elongation on H.
phyllostachya (Armitage and Carlson, 1980) and other foliage plants (Henley and Poole,
1974; Frank and Donnan, 1975). Daminozide was effective for height control on
polka-dot plant (Armitage and carlson, 1980) and is suggested for use on
chrysanthemum and poinsettia (Tayama and Carver, 1991). Paclobutrazol effectively
reduced stem elongation on many herbaceous species (Shanks, 1980; Barrett and Nell,
1986a) while chlormequat effectively controlled internode elongation on polka-dot plant
(Armitage and Carlson, 1980; Bailey, 1991), azaleas, geraniums, and poinsettias (Henley
and Poole, 1974). Ethephon sprays at 500 mgsliter~! are recommended to promote
lateral shoot development and prevent stem elongation on cutting-propagated geranium

(Tayama and Carver, 1991). Uniconazole was effective on several herbaceous plants
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(Barrett and Nell, 1986a; Newman et at., 1989; Tayama and Carver, 1990; Wang and
Blessington, 1990). However, a comparison of these growth retardants and their effects
on the growth of different cultivars of polka-dot plant, particularly the recently available

seed-propagated cultivars, has not been reported.

Consequently, objectives of this study were to identify the effects of six growth
retardants on growth of Hypoestes phyllostachya (both seed- and cutting-propagated
cultivars) and to determine the concentrations necessary for effective height control.
The effects of two applications of chlormequat were also determined. Further, the costs
of applying each chemical at effective rates were calculated and used to propose the most

economical method of height control.

MATERIALS AND METHODS

Cutting-propagated cultivars: Rooted stem-tip cuttings (in 135 plug trays) of
polka-dot plant ("Hippo White’, ‘Hippo Pink’, and "Hippo Red’) were received from
Casa Flora (Dallas, TX) and potted individually into 10 cm azalea pots (550 cm®) on
26 January, 1990. Growth medium used was Sunshine Mix #1 (Fisons Horticulture Inc.,
Vancouver, B. C., Canada), which consists of Canadian sphagnum peat moss, perlite,
dolomitic limestone, and wetting agent. Plants were grown under long day (LD)
conditions in a glass greenhouse maintained at 20-25°C, and were soft-pinched (to a
height of 4 cm, leaving 2 nodes) on February 2 to promote lateral shoot growth. LD
were created by providing night interruption from 2200 to 0200 h with incandescent

lights (PPF of 3-4 umoles~!em™~2 at the top of the bench). Plants were fertilized by
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applying Peters 20N-4.4P-16.6K Pete-Lite fertilizer (20-10-20) (W. R. Grace & Co.,

Fogelsville, Pennsylvania) at 200 mgsliter ! every two weeks.

Five growth retardants were applied once on 26 February, 1990. Treatments
included non-treated controls, ancymidol (50, 100, 150 mg.liter—!), chlormequat (1000,
2000, 3000 mg.liter~!), daminozide (1000, 2000, 3000 mg.liter 1), paclobutrazol (33, 67,
100 mg.liter~!), and uniconazole (10, 20, 30 mg.liter~!), with 8 replicates per treatment
in a completely randomized design. All growth retardants were applied as a foliar spray

to the point of run-off (ca. 5 ml/plant) with a hand sprayer.

Increase in plant height and growth indices were used to measure the changes of
plant growth due to growth retardant treatments. Each was recorded three days before
treatment and again three weeks after treatment. Plant height was measured from the
soil line to the uppermost leaf held parallel to the soil. Growth index was calculated as
[height + (maximum plant width + minimum plant width)/2]/2. Growth index
indicated plant growth in both vertical (height) and horizontal (width) directions and

weighted both factors equally.

On 1 April, 1990 measurements of shoot fresh weight, number of lateral branches,
and average internode length were collected. Internode length was measured by adding
the total length of all the axillary shoots (> 2 cm long) together and then dividing by the
total number of nodes appearing on the shoots. After being oven dried at 70°C for 48
hours, shoot dry weight (leaves plus stems) and leaf dry weight were determined. Leaf
dry weight was used to indicate total leaf surface area; a high correlation (R?2=0.81)

between leaf dry weight and total leaf surface area was found by taking measurements

52



from 12 randomly selected plants (Appendix B). Data were analyzed by analysis of

variance (ANOVA).

Seed-propagated cultivars: Seeds of ‘Confetti Carmine Rose’ (Daehnfeldt Seed Co.,
Albany, OR) were sown in rows and lightly covered with growth medium on 30 January,
1991. The germinating medium used was Sunshine Mix LG3 (Fisons Horticulture Inc.,
Vancouver, B. C., Canada), which contains Canadian sphagnum peat moss, vermiculite,
dolomitic limestone, and wetting agent. Air temperatures were maintained between 20
to 25°C and LD provided as described above. On 20 February, when the first pair of
true leaves were fully expanded, seedlings were transplanted (one per container) into 10
cm azalea pots containing Sunshine Mix #1. Fertilization was accomplished as

described above.

All growth retardant treatments were applied on 27 February, one week after
transplant. Treatments included non-treated controls, single applications of ancymidol
(50, 100, 150 mgeliter—1), chlormequat (1000, 2000, 3000 mg.liter ~!), daminozide (1000,
2000, 3000, 4000, 5000, 6000 mg.liter~!), ethephon (500, 1500, 2500 mg.liter~1),
paclobutrazol (33, 67, 100 mg.liter~!), uniconazole (10, 20, 30 mgeliter~!), and two
applications of chlormequat (1000 mg.liter—! each, two weeks apart), with 10 replicates
per treatment in a completely randomized design. All growth retardants were applied

to plants as a foliar spray to run-off (ca. 5 ml/plant) with a hand sprayer.

On 25 April, 1991 (eight weeks after applications), all the plants were harvested and
the following data were collected: plant height, growth index, internode length, fresh

and dry weight of the shoots, and leaf dry weight. Original plant heights were not
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determined because plants were very uniform and short (2-3 c¢m tall) at the time of

application. Data were analyzed by analysis of variance (ANOVA).

A cost evaluation was made to compare the price of each chemical at effective rates
for height control. The costs were based on the spray applications of chemicals at 5 ml
for each cutting or seedling. The retail price for each chemical was derived from a
commercial supply catalog. Uniconazole was not yet available for commercial use so a

cost factor could not be determined.

RESULTS AND DISCUSSION

When ancymidol was applied to cutting-propagated cultivars, plant height and
growth index were significantly lower than untreated controls in all three cultivars,
particularly at high concentrations (Table 3.1). Internode elongation was also
significantly inhibited as ancymidol rate increased. At 50 mg.liter~!, the average
internode length was 37-51% shorter than untreated controls. Further increasing the
ancymidol rate resulted in shorter internodes. Ancymidol treated plants showed a slight
decrease on number of axillary shoots. No significant changes in leaf dry weight were
observed among treatments. Fresh and dry weights of the shoots were also lower as rate

increased.

The effects of ancymidol on seed-propagated polka-dot plants are presented in
Table 3.2. The growth responses were similar to those of cutting-propagated plants

(Table 3.1). Plant height, growth index, and internode length were significantly lower
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as the concentration increased. The effects on axillary shoot number, shoot fresh
weight, leaf dry weight, and shoot dry weight of seed-propagated plants were similar to
those of cutting-propagated plants. Intensification of leaf color was observed on both

cutting- and seed-propagated plants after ancymidol applications.

Based on the results from both cutting- (Table 3.1) and seed-propagated plants
(Table 3.2), the optimal concentrations for height control on polka-dot plant appear to
be 100-150 mgeliter~'.  Ancymidol sprays of 200 mgeliter~! to unpinched
cutting-propagated polka-dot plants was effective in inhibiting internode elongation and
shoot growth (Armitage and Carlson, 1980). Ancymidol also caused lower total leaf
surface area, surface area of individual leaves (surface area of three mature leaves per
plant at the fifth internode), total leaf numbers, and fresh weight and dry weight of the
plants (Armitage and Carlson, 1980). Results in this study (Table 3.1 and 3.2) are
similar to those of Armitage and Carlson (1980) except that lower concentrations of

ancymidol were effective in this study.

Ancymidol has effectively controlled shoot growth of other foliage plants. Foliar
sprays of ancymidol at 50 mgeliter~! were effective in reducing internode elongation on
several foliage plants (Henley and Poole, 1974). Frank and Donnan (1975) also reported
that foliar sprays of ancymidol on eleven foliage plants resulted in more compact and
marketable (greater commercial value) plants; the effective rates, depending on species,
ranged from 0.625 to 2.5 mg a.i./sq ft (33 to 132 mg.liter—!). The intensification of leaf
pigmentation by ancymidol has also been reported on other foliage plants, such as

alternanthera (Frank and Donnan, 1975).
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Chlormequat  applications  significantly  inhibited shoot growth on
cutting-propagated polka-dot plants (Table 3.3). However, the differences among three
concentrations were not significant. Internode elongation was increasingly inhibited
with the increase of chlormequat concentrations. Number of axillary shoots, shoot fresh
weight, and shoot dry weight were also lower on chlormequat treated plants. In general,

no significant changes in leaf dry weight were observed among treatments except for

"Hippo Red'.

Seed-propagated plants treated with chlormequat at 1000 or 2000 mgeliter~! also
exhibited significant retardation in plant growth (plant height, growth index, and
internode elongation) compared to the controls, but no apparent differences were
observed between 2000 and 3000 mgsliter~! (Table 3.4). The effects on axillary shoot
number, leaf dry weight, and fresh weight and dry weight of the shoots were similar to
those on cutting-propagated plants. Intensification of leaf pigmentation was also
observed on both cutting- and seed-propagated plants in response to chlormequat

(visual observation).

The optimal rates for controlling growth on both cutting- (Table 3.3) and
seed-propagated plants (Table 3.4) were between 1000 and 2000 mgeliter~*. In other
research, a chlormequat spray of 1500 mg.liter~! was found to be effective in inhibiting
shoot growth and internode elongation by limiting total leaf surface area, leaf size, and
fresh weight and dry weight of the shoots on cutting-propagated polka-dot plant
(Armitage and Carlson, 1980). In this study, the measurements of shoot fresh weight,
shoot dry weight, and leaf dry weight (Table 3.3) generally agreed with their results.

Zimmer (1979) claimed that watering polka-dot plant with 0.8% (8000 mg.liter~1!)
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chlormequat (drench) could inhibit shoot growth by more than half. However, the use

of chlormequat at rates greater than 2000 mg.liter ~! in this experiment was unnecessary.

In cutting-propagated geranium, 1500-2000 mg.liter~! chlormequat sprays are
suggested for height control (Tayama and Carver, 1991). It has been observed that
chlormequat at 3000 mg.liter~! caused severe chlorosis or necrosis of young leaves of
several foliage plants (Henley and Poole, 1974). In this experiment, however, no such

symptoms were found.

Increasing the number of applications of chlormequat at 1000 mgeliter—?!
significantly inhibited plant growth (Table 3.5). A single application resulted in 24.5%
shorter plants compared to the control. Two applications resulted in plants which were
24% shorter than those receiving a single application, and had effects similar to a single
application of 3000 mgeliter~! (Table 3.4 and 3.5). It is suggested that growers use
either one application of chlormequat at 1500 mg.liter~! (Jacques, D. J. 1990. Personal
communication. PanAmerican Seed Co. West Chicago, IL) or two applications of
chlormequat at 750 to 1500 mgeliter~! on seed-propagated polka-dot plant (Daehnfeldt
Seed Co., 1990). With the first application as soon as young plants are established and
the second application two weeks later. It was reported that plant height and shoot
fresh weight of geraniums were lower as the number of applications of chlormequat

(1500 mgeliter—!) increased (Miranda and Carlson, 1980).

In contrast to ancymidol and chlormequat, daminozide treatments at all rates did
not effectively control plant growth (Table 3.6). Even though some inhibition occurred
on shoot growth, growth index, and internode elongation, the efficacy of daminozide at

any level tested was not comparable with that of ancymidol (Table 3.1) or chlormequat
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(Table 3.3). No significant effects were observed on leaf dry weight or on fresh weight

and dry weight of the shoots.

A similar inefficacy of daminozide was found on seed-propagated plants;
daminozide had no significant effect on any measured characteristic (Table 3.7). Even
at 6000 mg.liter~!, daminozide was ineffective in controlling plant growth. Daminozide
did intensify leaf color on both cutting- and seed-propagated plants, but its effect was

less than ancymidol (visual observation).

Previous research demonstrated that daminozide sprays at 5000 mgeliter!
significantly reduced internode elongation and shoot length of cutting-propagated
polka-dot plant (Armitage and Carlson, 1980). Total leaf surface area and leaf number
were also lower on treated plants, but the individual leaf size was not significantly
reduced (Armitage and Carlson, 1980). However, uniformity of the plants could be a
problem since plants were grouped into four sizes and what cultivars were used was also
not mentioned. In addition, internode elongation (distance between the second and
third internode on three randomly selected stems of each plant) and shoot length (three
largest shoots from tip to main stem on each plant) were measured differently. In this
experiment, however, only ‘Hippo Red” was significantly shorter when treated with
daminozide (Table 3.6). At 2000 and 3000 mge.liter !, internode length was less, but the

difference was very minor compared to other growth retardants.

Daminozide is currently recommended for height control of potted chrysanthemum
as a foliar spray (2500-5000 mgeliter—!) and 2500 mg.liter~! sprays are suggested for
poinsettia (Tayama and Carver, 1991). Despite its apparent efficacy on these major

crops, polka-dot plant seemed unresponsive to daminozide treatments.
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As ethephon level increased, plant height, growth index, and internode length of
seed-propagated polka-dot plants were increasingly lower (Table 3.8). The number of
axillary shoots was unaffected by ethephon treatment, but leaf dry weight and fresh
weight and dry weight of the shoots were lower as ethephon rates increased. However,
the optimal concentrations for height control on seed-propagated polka-dot plant were

between 500 and 1500 mgeliter 1.

Ethephon at 1500-2500 mg.liter~! caused leaf distortion on some plants (some leaf
margins became rounded and crinkled, and leaves eventually abscised) (data not
presented). However, these symptoms became less apparent as plants aged due to
coverage by the subsequent shoot growth. Horizontal growth of the shoots was also

observed on ethephon treated plants, especially at high concentrations.

Ethephon is used on other crops for the purpose of height control or to induce
lateral branching. For instance, cutting-propagated geraniums, when sprayed with
ethephon at 500 mg.liter~!, showed significant height control and no phytotoxicity
(Tayama and Carver, 1990). Ethephon applied to geranium stock plants could stimulate
branching and thus increase the number of cuttings (Shanks, 1982). Therefore, foliar
sprays of ethephon at 500 mgsliter~! are suggested to promote increased branching of

geranium stock plants (Tayama and Carver, 1991).

Cutting-propagated H. phyllostachya plants treated with paclobutrazol had
significantly less shoot growth than untreated controls (Table 3.9). Plant height and
growth index did not differ significantly at 33, 67, and 100 mg.liter~! except for the
‘Hippo Pink’ in which height and growth index at 67 and 100 mg.liter~! were

significantly less than at 33 mgeliter~!. Internode length was significantly less with the

59



increasing concentration and no significant difference was found between 67 and 100
mgeliter~!. In general, paclobutrazol effects on axillary shoot number, shoot fresh
weight, leaf dry weight, and shoot dry weight were similar to those of ancymidol and

chlormequat.

Paclobutrazol was also effective in inhibiting plant growth and internode elongation
on seed-propagated plants (Table 3.10). As with cutting-propagated plants, the
differences between 67 and 100 mg.liter~! treatments were similar and more inhibitory
than 33 mgsliter~!. Paclobutrazol effects on number of lateral branches, shoot fresh
weight, leaf dry weight, and shoot dry weight were similar to those on
cutting-propagated plants. Paclobutrazol treatments also resulted in intensification of
pigmentation on the leaves of both cutting- and seed-propagated materials (visual

observation).

Based on the results of cutting- (Table 3.9) and seed-propagated materials (Table
3.10), the optimal paclobutrazol concentrations for height control on H. phyllostachya
were between 33 and 67 mgeliter~!. Spray applications of paclobutrazol at 50
mgeliter~! are commercially recommended for height control of cutting-propagated H.
phyllostachya (Casa Flora, 1990). On zonal (cutting) geranium, spray applications of
paclobutrazol at 15 mg.liter~! were effective in controlling plant height (Tayama and
Carver, 1990) while sprays of 8-63 mg.liter~! are recommended to be used on poinsettia
for height control (Tayama and Carver, 1991). Shoot elongation of several foliage plants
was retarded at 12.5 mg.liter~!; concentrations higher than 12.5 mgeliter~! resulted in
plants which were too short (Wang and Blessington, 1990). Therefore, the use of
paclobutrazol at concentrations greater than 33 mg.liter~! may not be necessary for H.

phyllostachya.

60



Treatments of uniconazole resulted in cutting-propagated plants which were short
and had short internodes (Table 3.11). The differences among 10, 20, and 30
mgeliter ~! were not significant for the characteristics measured and were similar to those

of ancymidol or paclobutrazol.

Seed-propagated plants treated with uniconazole were shorter and had smaller
growth indices and internode lengths than untreated control plants (Table 3.12).
Uniconazole applications also resulted in plants which had fewer axillary shoots, lower
shoot fresh weight, leaf dry weight, and shoot dry weight. Leaf color intensification was
also observed on uniconazole treated plants (visual observation). In contrast to
cutting-propagated plants, height and growth index were significantly less at 20 and 30

mgeliter ! than at 10 mgeliter~?.

The results with uniconazole concur with previous research on several flowering
annuals which indicated that concentrations required for adequate height control were
lower for uniconazole than for paclobutrazol (Barrett and Nell, 1986a). The optimal
rates for height control on cutting- (Table 3.11) and seed-propagated plants (Table 3.12)
were between 10 and 20 mgeliter~!. Although uniconazole has not been available for
commercial use, research has demonstrated the efficacy of this chemical on height
control at very low concentrations. For example, Wang and Blessington (1990) reported
that a foliar spray of uniconazole at 12.5 mgsliter~! was effective in inhibiting shoot
elongation in Codiaeum. In addition, plants sprayed at rates greater than 12.5
mg.liter~! were considered too short. Uniconazole at 10 mgsliter~! provided effective
height control on zonal (cutting) geraniums (Tayama and Carver, 1990) and desirably

controlled height of greenhouse-grown Hibiscus rosa-sinensis with minimal leaf
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distortion (Newman et al.,, 1989). However, in this study, there was no evidence of

phytotoxicity on H. phyllostachya plants.

When treated with ancymidol, the white cultivar displayed greater increase in height
than the pink and red cultivars, but the differences in the growth index change between
cultivars were not significant (Table 3.1 and 3.2). The increase in plant width was less
in the white cultivar than in pink or red (data not presented) so that, when calculating
growth index, the increases of height compensated with plant width. There was no
significant difference in internode length between cultivars although the white cultivar
had lower shoot fresh weight, leaf dry weight, and shoot dry weight than did the pink
and red cultivars. Therefore, the differences in growth index among cultivars became

non-significant.

In chlormequat treated plants, no significant cultivar effects on shoot fresh weight,
leaf dry weight, and shoot dry weight were observed (Table 3.3 and 3.4). Cultivar
differences on daminozide treated plants were similar to those found on ancymidol
treated plants except that no significant effects were found on plant height. Cultivar
differences on paclobutrazol treated plants were similar to those of ancymidol treated
plants. As with ancymidol, chlormequat, and paclobutrazol treated plants, the pink and
red cultivars were shorter and more compact than the white cultivar when treated with

uniconazole.

The fact that the white cultivar consistently exhibited the greatest increase in plant
height indicates that the white cultivars may be less responsive to growth retardants than
pink and red cultivars and, consequently, require higher concentrations of growth

retardants.
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The costs of the growth retardants at optimal rates for control of H. phyllostachya
height are listed in Table 3.13. Since daminozide was not effective at any rate tested, it
is not included in the table. Uniconazole was effective at 10-20 mge.liter—!, but is not
yet commercially available, so a price for that product could not be determined.
Ancymidol was the most expensive of the effective growth retardants in this study; a
single application at 100 to 150 mgeliter~! would cost 9.9 to 14.9 cents. Paclobutrazol,
chlormequat, and ethephon were much less expensive than ancymidol, each costing less

than one cent per plant for a single, effective application.

Even at the optimal rates, the use of ancymidol to control excessive elongation of
H. phyliostachya might not be desirable, because of its greater cost and the fact that it
was not as effective as chlormequat, paclobutrazol, or uniconazole. Although ethephon
might appear to be the least expensive chemical to use, its promotion of leaf distortion
and horizontal shoot growth at high concentrations would not warrant its use.
Therefore, the most cost effective chemicals to be used commercially would appear to
be chlormequat and paclobutrazol. The use of uniconazole might be desirable,

particularly if its cost is comparable with chlormequat and paclobutrazol.

In general, both seed- and cutting-propagated polka-dot plant responded similarly
to the growth retardants evaluated in this study. The optimal concentrations for
ancymidol, chlormequat, ethephon, paclobutrazol, and uniconazole were 100-150
mgeliter—!, 1000-2000 mgeliter~*, 500-1500 mg.liter~!, 33-67 mg.liter~1, and 10-20
mgeliter ~1, respectively. Daminozide, even at 6000 mgeliter~!, was the only chemical
which did not effectively control plant growth. Therefore, daminozide is not
recommended to be used for height control on Hypoestes phyllostachya. The similarity

in optimal growth retardant concentrations for both seed- and cutting-propagated plants
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has also recommended for geraniums. For example, chlormequat at 1500 mg.liter ! is
recommended for height control of seed-propagated geranium whereas 1500-2000

mgeliter ! is suggested for cutting-propagated geraniums (Tayama and Carver, 1991).

In addition to knowing the optimal growth retardant concentration, cost is a major
concern in commercial potted plant production. For example, chlormequat is used
extensively for height control in poinsettia since it is less expensive than ancymidol even
though ancymidol is effective on that crop (Gianfagna, 1987). In polka-dot plant,
ancymidol was the most expensive growth retardant used, costing 10 to 15 cents per

plant. Chlormequat and paclobutrazol are much less expensive than ancymidol.

In the commercial production of Hypoestes phyllostachya it has been suggested to
use either a single application of chlormequat at 1000 mg.liter~! (Jacques, D. J. 1990.
Personal communication. PanAmerican Seed Co. West Chicago, IL) or two
applications at 750 to 1500 mgeliter~! (Daehnfeldt Seed Co., 1990) on seed-propagated
polka-dot plants. On cutting-propagated plants, usually two applications of a
combination spray of 1500 mgeliter—! chlormequat and 2500 mgeliter~! daminozide are
suggested (Casa Flora, 1990). However, the efficacy of using a combination spray was
not investigated in this study. According to the results presented here concerning the
number of chlormequat applications at 1000 mgdliter—!, it could be inferred that
increasing the number of applications would prolong the effect of the growth retardant

and avoid a situation in which a plant might “grow out of” treatment prior to sale.

In conclusion, chlormequat and paclobutrazol are recommended for height control

in Hypoestes since they are less expensive and more effective than others used in this
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study. The optimal concentrations were 1000-2000 mgeliter~! and 33-67 mgeliter~?,

respectively.
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Table 3.1. Effect of ancymidol sprays on growth of three cultivars of cutting-propagated
Hypoestes phyllostachya. Data are means of 8 observations.

Increase Increase Axillary Shoot Average Leaf Shoot
Cultivar Rate in in Growth Shoot Fresh Internode Dry Dry
(mg/1) Height Index Number Weight Length Weight  Weight
(cm) (cm) (9) (cm) (9) (9)
'Hippo White!'
[+ 8.8 at 6.8 a 6.0 a 9.32 a a 0.81 a 1.59 a
50 4.8 b 4. 4.3 b 7.00 b b 0.73 a 1.20 ab
100 3.3 bc 1 be 5.3 ab 6.85 b c 0.76 a 1.19 ab
150 1.9 ¢ .0 ¢ 3.9 b 5.71 b .34d 0.69 a 0.96 b
'Hippo Pink'
[} 7.3 a a a 10.82 a a 0.88 a 1.63 a
50 b .6 b 9.89 a .2 b 1.04 a 1.68 a
100 2.1 ¢ .6 bc b 7.99 a .7 € 0.95 a 1.40 a
150 0.5 d .6 C 4.4 b 7.64 a l.4 ¢ 1.02 a 1.43 a
'Hippo Red'
0 9.2 a .8 a 6.6 a 12.31 a 4.4 a 1.05 a 2.10 a
50 3.4 b 3.5 b 4.9 b 8.50 b .3 b 0.91 a 1.40 b
100 2.3 bc .9 b 4.7 b 7.86 b .7 ¢ 0.94 a 1.39 b
150 0.7 © 9 b 4.4 b 6.44 b .2 d 0.86 a 1.18 b
Analysis of Variance
Rate (R) *k *k 1253 ** *k NS *k
Cultivar (cv) ** NS NS *k NS *% *k
R x CV NS NS NS NS NS NS NS
IMeans within a column for each cultivar followed by different letters are significantly

d%sterent by Student-Newman-Keul's multiple range test (P = 0.05).
¥."Not significant or significant at P = 0.01.
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Table 3.2.

Plant Growth Axillary Shoot Average Leaf Shoot
Rate Height Index Shoot Fresh Internocde Dry Dry
(mg/1) (cm) (cm) Number Weight Length Weight Weight
(g) (cm) (g9) (9)
4] 9.2 a* 10.4 a 7.7 a 4.99 a 1.4 a 0.50 a 0.67 a
50 7.8 b 9.3 b 7.8 a 4.90 a 1.2 b 0.48 ab 0.64 ab
100 6.8 bc 8.6 bc 7.1 a 4.26 a 1.0 ¢ 0.43 ab 0.57 ab
150 6.2 ¢ 8.0 ¢ 6.9 a 4.07 a 0.9 ¢ 0.41 b 0.54 b
Analysis of Variance
Rate *k *k NS * *h dk *

!Means within a column followed by different letters
Newman-Keul's multiple range test (P = 0.05).
Not significant or significant at P = 0.05 and 0.01 level, respectively.

RS, *, 4

are significantly different by Student-

Effect of ancymidol sprays on growth of seed-propagated Hypoestes
phyllostachya ‘Confetti Carmine Rose’. Data are means of 10 observations.
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Table 3.3. Effect of chlormequat sprays on growth of three

cultivars of

cutting-propagated Hypoestes phyllostachya. Data are means of 8 observations.

Increase Increase Axillary Shoot Average Leaf Shoot
Cultivar Rate in in Growth Shoot Fresh Internode bry Dry
(mg/1) Height Index Number Weight Length Weight Weight
(cm) (cm) (g) (cm) (9) (g9)
'Hippo White'
0 8.8 at 6.8 a a 9.32 a a 0.81 a 1.59 a
1000 3.1 b b a 6.82 b b 0.75 a 1.15 b
2000 2.2 b 2.0 b .9 a 5.98 b b 0.69 a 1.01 b
3000 1.8 b 1.8 b 4.7 a 5.54 b .3 b 0.67 a 0.98 b
'Hippo Pink'
0 7.3 a a a 10.82 a a 0.88 a 1.63 a
1000 2.6 b b a 7.06 b 3 b 0.83 a 1.23 ab
2000 1.4 b bc 1 a 7.09 b 1 bc 0.91 a 1.26 ab
3000 1.1 b .7 ¢ 5.0 a 6.09 b 1.0 ¢ 0.78 a 1.06 b
'Hippo Red'
0 .2 a 7.8 a .6 a 12.31 a a 1.05 a 2.10 a
1000 b b .1b 6.11 b b 0.74 b 1.02 b
2000 1.0 bc 1.7 b b 6.14 b c 0.77 b 1.02 b
3000 0.4 c 1.3 b .7 b 5.28 b .9 cC 0.67 b 0.91 b
Analysis of Variance
Rate (R) * *k *k (T3 * *k *k
Cultivar (CV) *k NS NS NS i NS NS
R x CV * NS NS NS hlied NS NS
IMeans within a column for each cultivar followed by different letters are significantly

%{Fﬁerent by Student-Newman-Keul's multiple range test (P = 0.0S5).

*"Not significant or significant at P = 0.05 and 0.01 level, respectively.
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Table 3.4. Effect of chlormequat sprays on growth of seed-propagatéd Hypoestes
phyllostachya “Confetti Carmine Rose’. Data are means of 10 observations.

Plant Growth Axillary Shoot Average Leaf Shoot
Rate Height Index Shoot Fresh Internode Dry Dry
(mg/1) (cm) (cm) Number Weight Length Weight Weight
(9) (cm) (q) (9)

0 9.2 a? 10.4 a 7.7 a 4.99 a 1.4 a 0.50 a 0.67 a
1000 6.9 b 9.2 b 5.2 ¢ 4.69 a 1.1 b 0.50 a 0.65 a
2000 6.0 c 8.1 c 5.4 bc 3.98 b 0.9 ¢ 0.45 ab 0.58 ab
3000 5.3 ¢ 7.7 ¢ 6.0 b 3.75 b 0.9 ¢ 0.42 b 0.54 b

Analysis of Variance

Rate *k *k * & *k *x * e ok

*Means within a column followed by different letters are significantly different by Student-
Newman-Keul's multiple range test (P = 0.05).
«"Significant at P = 0.05 and 0.01 level, respectively.
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Table 3.5. Effect of number of applications of chlormequat sprays (1000 mgeliter~!) on
growth of seed-propagated Hypoestes phyllostachya ‘Confetti Carmine Rose’. Data are
means of 10 observations.

Number Plant Growth Axillary Shoot Average Leaf Shoot
of Height Index Shoot Fresh Internode Dry Dry
Applications (cm) (cm) Number Weight Length Weight Weight
(g) (cm) (g) (9)
9.2 at 10.4 a 7.7 a 4.99 a 1.4 a 0.50 a 0.67 a
6.9 b 9.2 b 5.2 ¢ '4.69 a 1.1 b 0.50 a 0.65 a
5.3 c 7.6 ¢ 6.9 b 3.73 b 0.8 ¢ 0.46 a 0.58 a

Analysis of Variance

Number of *h *% *% *h % NS NS
Applications

*Means within a column followed by different letters are significantly different by Student-
Nexman-Keul's multiple range test (P = 0.05).
¥S."*Not significant or significant at P = 0.01.
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Table 3.6. Effect of daminozide sprays on growth of three cultivars of
cutting-propagated Hypoestes phyllostachya. Data are means of 8 observations.

Increase Increase Axillary Shoot Average Leaf Shoot
Cultivar Rate in in Growth Shoot Fresh Internode Dry Dry
(mg/1) Height Index Number Weight Length Weight Weight
(cm) (cm) (9) (cm) (9) (g)
'Hippo White'
[¢] 8.8 at a .0a 9.32 a 4.1 a 0.81 a 1.59 a
1000 8.1 a a a 10.00 a 4.0 a 0.87 a 1.63 a
2000 6.1 a 4.9 a a 6.91 a 3.2 b 0.63 a 1.19 a
3000 6.6 a 5.5 a .4 a 8.42 a 3.1 b 0.77 a 1.40 a
‘Hippo Pink'
0 .3 a 6.9 a a 10.82 a 5 a 0.88 a 1.63 a
1000 9.0 a .6 a a 12.75 a 3.9 ab 1.11 a 2.18 a
2000 6.7 a a a 10.61 a 2 b 0.97 a 1.69 a
3000 7.7 a .1 a 5.0 a 10.63 a 3.7 ab 0.99 a 1.77 a
'Hippo Red'
0 a 7.8 a a 12.31 a 4.4 a 1.05 a 2.10 a
1000 b 6.0 b b 10.29 a 8 ab 0.87 a 1.58 a
2000 b 6.3 b b 8.56 a .6 b 0.84 a 1.46 a
3000 6.2 b 5.5 b .6 b 9.90 a 3.6 b 0.95 a 1.67 a
Analysis of Variance
Rate (R) * * *k NS *h NS NS
Cultivar (CV) NS * NS *n NS *k *
R x CV NS NS NS NS NS NS NS

Means within a column for each cultivar followed by different letters are significantly
di;ggrent by Student-Newman-Keul's multiple range test (P = 0.05).
¥.*."Not significant or significant at P = 0.05 and 0.01 level, respectively.
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Table 3.7.

Plant Growth Axillary Shoot Internode Leaf Shoot
Rate Height Index Shoot Fresh Length Dry Dry
(mg/1) (cm) (cm) Number Weight (cm) Weight Weight
(9) (9) (9)
[+} 9.2 a? 10.4 a 7.7 a 4.99 a a 0.50 a 0.67 a
1000 8.8 a 10.1 a 8.0 a 4.80 a a 0.50 a 0.68 a
2000 9.8 a 11.0 a a 5.31 a a 0.56 a 0.79 a
3000 8.7 a 10.2 a a 5.02 a a 0.52 a 0.71 a
4000 8.6 a 10.4 a 8.1 a 5.14 a a 0.51 a 0.71 a
5000 8.9 a 10.4 a a 5.31 a a 0.54 a 0.74 a
6000 8.2 a 9.7 a .5 a 4.63 a .J a 0.49 a 0.66 a
Analysis of Variance
Rate NS NS NS NS NS NS NS

*Means within a column followed by different letters are significantly different by Student-
Newman-Keul's multiple range test (P = 0.05).

¥Not significant.

Effect of daminozide sprays on growth of seed-propagated Hypoestes
phyllostachya "Confetti Carmine Rose’. Data are means of 10 observations.
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Table 3.8. Effect of ethephon sprays on growth of seed-propagated Hypoestes
phyllostachya ‘Confetti Carmine Rose’. Data are means of 10 observations.

Plant Growth Axillary Shoot Average Leaf Shoot

Rate Height Index Shoot Fresh Internode Dry Dry
(mg/1) (cm) (cm) Number Weight Length Weight Weight

(9) (cm) (9) (9)
0o 9.2 at 10.4 a 7.7 a 4.99 a 1.4 a 0.50 a 0.67 a
500 5.2 b 8.2 b 7.5 a 4.25 b 1.0 b 0.47 ab 0.61 ab
1500 4.1 ¢ 7.6 b 8.0 a 4.03 b 0.9 b 0.44 b 0.57 b
2500 3.5 ¢ 6.4 ¢c 7.6 a 3.39 ¢ 0.7 ¢ 0.39 ¢ 0.49 ¢

Analysis of Variance

Rate " *h NS [T *k " o

*Means within a column followed by different letters are significantly different by Student-
Newman-Keul's multiple range test (P = 0.05).
¥S.*"*Not significant or significant at P = 0.01.
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Table 3.9. Effect of paclobutrazol sprays on growth of three cultivars of
cutting-propagated Hypoestes phyllostachya. Data are means of 8 observations.

Increase Increase Axillary Shoot Average Leaf Shoot
Cultivar Rate in in Growth Shoot Fresh Internode Dry Dry
(mg/1) Height Index Number Weight Length Weight  Weight
(cm) (cm) (9) (cm) (g} (9)
‘Hippo White!
0 8.8 al? a a 9.32 a 4.1 a 0.81 a 1.59 a
33 3.8 b b b 6.68 b 2.0b 0.74 a 1.16 b
67 3.3 b b b 5.78 b 1.6 bc 0.67 a 0.99 b
100 2.0 b .8 b .4 b 5.35 b 1.2 ¢ 0.68 a 0.96 b
'Hippo Pink'
0 a a .1 a 10.82 a 4.5 a 0.88 a 1.63 a
33 b b 3 ab 8.55 b b 1.01 a 1.54 a
67 c c 6 b 7.27 b c 1.03 a 1.39 a
100 l.4 ¢ .2 C 4.3 b 7.13 b .3 C 0.97 a 1.32 a
'Hippo Red'
0 9.2 a a a 12.31 a a 1.05 a 2.10 a
33 b b b 6.86 b b 0.76 a 1.13 b
67 b b b 6.37 b lc 0.89 a 1.16 b
100 0.6 b 1.7 b .9 b 6.12 b .9 ¢ 0.82 a 1.06 b
Analysis of Variance
Rate (R) *k *k *k ok *h NS *k
Cultivar (CV) *x NS NS * % NS &k *
R x CV * NS NS NS NS NS NS

!Means within a column for each cultivar followed by different letters are significantly
different by Student-Newman-Keul's multiple range test (P = 0.05).
¥.*."Not significant or significant at P = 0.05 and 0.01 level, respectively.
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Table 3.10. Effect of paclobutrazol sprays on growth of seed-propagated Hypoestes

phyllostachya ‘Confetti Carmine Rose’. Data are means of 10 observations.

Plant Growth Axillary Shoot Average Leaf Shoot
Rate Height Index Shoot Fresh Internode Dry Dry
(mg/1) (cm) (cm) Number Weight Length Weight Weight
(9) (cm) (9) (g)

0 9.2 a? 10.4 a 7.7 a 4.99 a 1.4 a 0.50 a 0.67 a
33 5.3 b 7.7 b 7.4 a 4.25 b 0.8 b 0.46 a 0.60 ab
67 4.6 bc 6.8 ¢ 6.3 b 3.77 b 0.7 ¢ 0.42 a 0.53 b

100 3.9 ¢ 6.0 ¢ 6.1 b 3.63 b 0.6 c 0.42 a 0.52 b

Analysis of Variance

Rate *h ok sk *k *k * *k

IMeans within a column followed by different letters are significantly different by Student-
Newman-Keul's multiple range test (P = 0.05).

*“'significant at P = 0.05 and 0.01 level, respectively.
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Table 3.11. Effect of uniconazole sprays on growth of three cultivars of
cutting-propagated Hypoestes phyllostachya. Data are means of 8 observations.

Increase Increase Axillary Shoot Average Leaf Shoot
Cultivar Rate in in Growth Shoot Fresh Internode Dry Dry
(mg/1) Height Index Number Weight Length Weight  Weight
(cm) (cm) (g) (cm) (9} (9)
'Hippo White'
0 8.8 at 6.8 a a .32 a 4.1 a 0.81 a 1.59 a
10 2.7 b b b 6.53 b 1.5 b 0.73 a 1.09 a
20 b b b 6.58 b 1.4 b 0.80 a 1.18 a
30 3.0 b 2.6 b 4.4 b 6.23 b 1.5 b 0.70 a 1.08 a
'Hippo Pink'
(¢} 7.3 a 6.9 a 6.1 a 10.82 a a 0.88 a 1.63 a
10 b 2.4 b .0b 6.85 b b 0.91 a 1.30 a
20 1.5 b 2.5 b b 6.96 b .4 b 0.92 a 1.29 a
30 0.7 b 2.1 b 4.6 b 7.07 b .3 b 0.92 a 1.28 a
'Hippo Red'
0 a a 6.6 a 12.31 a 4.4 a 1.05 a 2.10 a
10 1.0 b b a 6.51 b 1.1 b 0.86 a 1.20 b
20 b 0b .6 a 7.09 b 1.0 b 0.94 a 1.13 b
30 1.9 b .4 b 5.3 a 7.51 b 1.3 b 0.97 a 1.41 b
Analysis of Variance
Rate (R) *k *x *h *k *k NS "k
Cultivar (cV) * NS *h NS NS *x *
R x CV NS NS NS NS NS NS NS

IMeans within a column for each cultivar followed by different letters are significantly
d;;sgrent by Student-Newman-Keul's multiple range test (P = 0.05).
"5.*."*Not significant or significant at P = 0.05 and 0.01 level, respectively.
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Table 3.12. Effect of uniconazole sprays on growth of seed-propagated Hypoestes
phyllostachya ‘Confetti Carmine Rose’. Data are means of 10 observations.

Plant Growth Axillary Shoot Average Leaf Shoot
Rate Height Index Shoot Fresh Internode Dry Dry
(mg/1) (cm) (cm) Number Weight Length Weight Weight
(9) (cm) (9) (9)

[+] 9.2 a? 10.4 a 7.7 a 4.99 a 1.4 a 0.50 a 0.67 a
10 6.1 b 8.0 b 5.8 b 3.66 b 1.0 b 0.42 a 0.54 b
20 4.8 ¢ 7.0 c 5.9 b 3.65 b 0.7 ¢ 0.42 a 0.53 b
30 4.8 ¢ 6.9 ¢ 5.8 b 3.87 b 0.7 ¢ 0.46 a 0.56 b

Analysis of Variance

Rate "k *h *k *k [T * ok

*Means within a column followed by different letters are significantly different by Student-
ygyman—xeul‘s multiple range test (P = 0.05).
*"'significant at P = 0.05 and 0.01 level, respectively.
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Table 3.13. Costs of five growth retardants at effective rates for height control. Costs
were based on one foliar application of chemicals at 5 ml per plant. Daminozide is not
included because it was not effective at any rate tested. Cost of uniconazole is not
presented because the chemical is not available commercially. Cost includes chemical

only.

Growth Effective Rates Cost of Chemical
Retardants {(mg/1) (¢ per Plant)
Ancymidol 100 - 150 9.9 - 14.9
Chlormequat 1000 ~ 2000 0.2 - 0.5
Ethephon 500 - 1500 0.1 - 0.4
Paclobutrazol 33 - 67 0.4 - 0.8
Uniconazole 10 - 20 unavailable
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Chapter 4. Control of Flowering in Hypoestes

phyllostachya

ABSTRACT

Hypoestes phyllostachya Bak. (polka-dot plant) was determined to be a quantitative
(facultative) short day plant (SDP). Plants generally flowered more rapidly under short
day (SD) conditions (8 h photoperiod) than under long days (LD) although plants with
16 or more nodes flowered under LD with no apparent SD requirement. With increasing
maturity (greater leaf number and age) of seed-propagated plants, the sensitivity to

inductive daylength (SD) increased.

Ethephon (Florel) sprays promoted leaf epinasty, leaf senescence, and horizontal
shoot growth under both LD and SD conditions. Foliar application of ethephon
significantly inhibited shoot elongation and number of flower buds formed and also

increased the incidence of flower bud abortion. Ethephon concentration and time of
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application significantly affected the time of flowering and the type of flower buds
formed under SD. At high concentrations (2500 mg.liter—!), flowering was delayed;
most plants did not flower within 15 weeks of sowing. With increasing rate of ethephon,
more vegetative buds and fewer viable flower buds were formed, and the number of
aborted flowers increased significantly. In cutting-propagated plants, the optimal
concentrations for controlling shoot growth and flowering were 500-1500 mg.liter—1.
In seed-propagated plants, 500 mgsliter~! ethephon did not effectively lower the number
of viable flower buds when applied at any time during the first 7 weeks after the start
of SD. At higher concentrations (1500 or 2500 mg.liter—!), ethephon applied at any
time during the first 5 weeks after the start of SD maximized the number of vegetative
buds and minimized the number of viable flower buds. When applied more than 6 weeks
after SD began, ethephon did not promote the formation of vegetative axillary buds but
did promote flower bud abortion. Plants which received two applications of ethephon
at 1500 mg.liter~! exhibited less shoot growth and flowering, and had a greater number
of vegetative buds than those plants which received one (1500 mg.liter~!) or no

application.

INTRODUCTION

Hypoestes phyllostachya Bak. (polka-dot plant) is a colorful, herbaceous foliage
plant which can be grown as a potted greenhouse crop or as a bedding plant. It can be
propagated from stem cuttings or seeds (Everett, 1964; McConnell er al., 1981; Briggs

and Calvin, 1987; Still, 1988). The effects of recent breeding programs have resulted in
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the commercial availability of both seed- and cutting-propagated cultivars with white,

pink, or red pigmentation which were not available as few as five to ten years ago.

In the reproductive state, vegetative growth of polka-dot plant is modified, resulting
in leaves which are smaller than those formed on vegetative plants (Zimmer, 1985). This
characteristic, and the opinion that the flowers are generally unattractive (Everett, 1964,
Everett, 1981), imply that inhibition of flowering may be necessary in the commercial
production of H. phyllostachya. Flowering and the concomitant change of leaf
morphology are related to photoperiod, specifically short days (SD) (Zimmer, 1979;
Zimmer, 1980). Zimmer (1985) indicated, through prior research, that H. phyllostachya
is a short day plant (SDP) with a critical photoperiod of 12 h. However, whether those
experiments were conducted with seed- or cutting-propagated materials and whether

juvenile or mature plants were used, were not elucidated.

Juvenility is the term commonly used to describe the early phase of growth during
which flowering cannot be induced (Thomas and Vince-Prue, 1984) until a certain size
or age is obtained (Metzger, 1987) or during which plants are totally insensitive to
conditions which promote floral initiation (Bernier et al., 1981). Juvenile characteristics
gradually dissipate as a plant ages; the plant becomes increasingly sensitive to inductive
conditions and flowers in the least amount of time (Bourke, 1990). The juvenile phase
is generally short in seed-propagated, herbaceous plants; usually not more than a few

days or weeks in duration (Thomas and Vince-Prue, 1984).

Plant responses to inductive photoperiods during the juvenile phase have been
ascertained for some terminal-flowering plants like Eschscholzia californica (Lyons and

Booze-Daniels, 1986) and Rudbeckia hirta "Marmalade’ (Bourke, 1990), both qualitative
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(obligate) long day plants (LDP). It was found that these plants were increasingly
sensitive to inductive long day (LD) conditions as they aged; and that flowering occurred
more rapidly with increasing plant age (leaf number). In both species, a quadratic
relationship between leaf number when plants were transferred to LD and number of
days to flower was observed (Lyons and Booze-Daniels, 1986; Bourke, 1990). However,
Hypoestes phyllostachya is an axillary flowering (Bailey and Bailey, 1976) SDP (Zimmer,

1985) which might respond differently under similar experimental conditions.

Ethylene is involved in the regulation of senescence in a variety of plant organs
including leaves, flowers and fruits (Pratt and Goeschl, 1969). Ethephon (Florel) is a
plant growth regulating compound which is catabolized upon absorption, releasing
ethylene in plant tissues (Reid, 1987). In many plants, exogenous applications of
ethephon inhibit, delay, or otherwise adversely affect flower formation (Metzger, 1987).
For instance, exogenous ethylene promoted petal abscission (shattering) in
seed-propagated geraniums (Armitage et al., 1980), while ethephon promotes flower bud
abortion, limits stem elongation, and promotes branching in cutting-propagated
geraniums (Shanks, 1982; Tayama and Carver, 1991). Information associated with the
use of ethylene to inhibit flower formation in polka-dot plant is apparently not available.
Since flowering is undesirable, exogenous ethylene might possibly be used to inhibit

flowering in H. phyllostachya.

Consequently, objectives of this study were to determine the duration of the juvenile
period and photoperiodic response of Hypoestes phyllostachya, to examine the effects of
ethephon on growth and flowering of both seed- and cutting-propagated plants; and to
elucidate the effects of ethephon concentration, time of application and number of

applications on the regulation of flowering in seed-propagated plants.
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MATERIALS AND METHODS

Photoperiodic Response Experiments

On 21 February, 1990, seeds of "Confetti Carmine Rose’ obtained from Daehnfeldt
Seed Co. (Albany, OR) were sown directly into 10 cm pots. The growing medium was
Sunshine Mix #1 (Canadian sphagnum peat moss, perlite, dolomitic limestone, and
wetting agent; Fisons Horticulture Inc., Vancouver, B. C., Canada) with 2-3 mm of
Sunshine Mix LG3 (Canadian sphagnum peat moss, vermiculite, dolomitic limestone,
and wetting agent; Fisons Horticulture Inc., Vancouver, B. C., Canada) covering seeds.
Experiments were conducted in a glass greenhouse with air temperatures of 20-25°C.
LD were created by providing night interruption from 2200 to 0200 h with 60 W
incandescent lights (PPF of 3-4 umolss~!em~2 at the top of the bench). Plants were
fertilized with a 200 mg.liter™! N solution of 20N-4.4P-16.6K Peat-Lite fertilizer

(20-10-20; W. R. Grace & Co., Fogelsville, Pennsylvania) every two weeks.

After germination, ten containers were assigned to each treatment in a completely
randomized design. Plants were transferred to SD upon reaching the following number
of nodes above the cotyledon (leaves fully expanded at the given node number): 2, 4, 6,
8, 10, 12, 14, 16, 18, or 20. SD were provided by covering plants with black cotton cloth

from 1700 to 0800 h.

When each plant reached first flower (the expansion of a corolla tube), the following

data were collected: plant height (from the soil line to the uppermost leaf held parallel
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to the soil), number of LD received (from sowing to start of SD), number of SD received
(from being transferred to SD to first flower), and number of days from sowing to flower.

Data were analyzed by analysis of variance (ANOVA) and regression analyses.

Ethephon Experiments

Cutting-propagated Cultivars: Unrooted stem-tip cuttings (containing 3 nodes, 3
pairs of fully expanded leaves, and 4 to 5 cm long) of "Hippo White’, "Hippo Pink’, an&
‘Hippo Red’ were obtained from Casa Flora (Dallas, TX) on 4 April, 1990. Cutting
bases were dipped in Hormodin #1 rooting power (0.1% IBA) (MSD-Agvet (Merck &
Co., Inc.), Rahway, NJ) prior to sticking in open flats at a density of 200 (20 columns
x 10 rows) cuttings per flat (5.76 cm?/cutting). Sunshine Mix #1 was used as the rooting
medium. Flats were placed in a mist bed which was covered with shade cloth (55%) and
located in a fiberglass house. The mist cycle was “on” 12 seconds every 8 minutes from
0800 to 1700 h. Ambient air temperature was 23-28°C. Fertilization and LD were

provided as described above.

After five weeks, rooted cuttings were transplanted into 10 cm pots (one per pot)
and grown under LD in a glass house with ambient air temperature of 24-29°C. One
week after transplanting, the terminal 0.5-1 cm of shoots was removed in order to
promote lateral branching. Pinching resulted in 4 cm tall plants with two nodes. At the

time of pinching, half of the containers were moved to SD conditions (described above).

One week after pinching, ethephon was applied to all plants as a foliar spray to

run-off (ca. 5 ml/plant) with a hand sprayer. Ethephon treatment rates were 500, 1500,
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and 2500 mgeliter~!. Six replicates were used per treatment in a randomized complete

block design.

Plant heights were recorded on the day of ethephon application and again four
weeks after treatment (termination of experiment). At this time, measurements of total
number of flower buds (aborted plus viable reproductive buds) on entire plants were
collected. Average internode length was determined by adding the total length of all
axillary shoots (>2 cm long) and dividing by the total number of nodes appearing on
the shoots. Tissues were oven dried at 70°C for 48 hours after which shoot dry weight
(leaves plus stems plus any flower buds) was determined. Data were analyzed by

analysis of variance (ANOVA).

Seed-propagated Cultivars: On 30 January, 1991, seeds of “Confetti Carmine Rose’
(Daehnfeldt Seed Co., Albany, OR) were sown (in rows, 200 per flat) in flats which
contained Sunshine Mix LG3 germinating medium. Flats were covered by clear plastic
humidity domes and placed on a bench in a glass greenhouse with air temperatures of
19-24°C. LD conditions were provided as described above. When the surface of the
medium began to dry, a mist nozzle was used to re-wet the medium. Plastic covers were

removed at germination.

Three weeks after sowing, when most seedlings had fully expanded leaves at the first
node above the cotyledons, seedlings were transplanted to 10 cm azalea pots (one per
pot). Two weeks after transplanting, when seedlings had developed two pairs of fully
expanded true leaves, 300 uniform seedlings were selected and transferred to SD

conditions (as described above). Fertilization was accomplished as described above.
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Time of Application: Treatments included untreated controls and one application
of ethephon at 0 (the day when SD began), 1, 2, 3, 4, 5, 6, 7, or 8 weeks after SD

commencement.

Number of Applications: Treatments included no, one, and two applications of
ethephon at 1500 mgeliter~!. Plants which received one application were treated at the
start of SD. Plants which received two applications of ethephon were given the first

application at the start of SD and the second application two weeks later.

Ten replicates were used for each treatment in a completely randomized design.

Ethephon was applied as a foliar spray to run-off (ca. 5 ml/plant) with a hand sprayer.

The experiment was terminated 10 weeks after SD began. Data collected included
plant height, number of SD from the start of SD to first flower, and total number of
flower buds. Bud types were determined for axillary buds in the ten bottom-most nodes
of each plant. All buds were examined under a dissecting microscope to determine
whether they were vegetative, aborted floral, or viable floral. Data were subjected to

analysis of variance (ANOVA) and regression analyses.
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RESULTS AND DISCUSSION

Photoperiodic Response

In general, SD were required for flowering, although plants eventually flowered in
continuous LD (Table 4.1). Plants with increasingly greater node numbers required
fewer and fewer SD for flowering. Seventy to 100% of the plants which developed 16
or more macroscopic nodes under LD reached anthesis before SD could be applied

(Figure 4.1, Table 4.1).

Plants which began SD exposure at low node numbers were significantly shorter at
the time of first flower than those exposed to SD at later stages (Table 4.1). Two-noded
plants received the shortest period of LD and required the greatest number of inductive
SD photoperiods to reach anthesis. However, the time required from sowing to anthesis
was shorter for plants which started exposure to SD at early stage than later stages.
When plants developed 14 or more nodes (received very few or no SD) the time from
sowing to first flower was the longest and the time from the start of SD to anthesis was

the least.

Because plants eventually flowered under LD, but flowered more rapidly under SD,
it would be logical to conclude that the polka-dot plant is a quantitative (facultative)
SDP (Bernier et al., 1981). Zimmer (1985) indicated that polka-dot plant is a SDP with
a critical daylength of around 12 hours; however, whether polka-dot plant is a

qualitative or quantitative SDP was not mentioned.
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Zimmer (1979) found that, when grown under 16 h LD (8 h natural daylight + 8 h
incandescent light, 100 Ix), polka-dot plants did not flower. However, it was not stated
whether seed- or cutting-propagated materials was used nor was the duration of the
experiment mentioned. Further, though Zimmer (1980) stated that a night interruption
of 2 h florescent light during a 16 h dark period inhibited flowering, the data presented

clearly showed that some flowering did occur in night interruption treatments.

When growing seed-propagated plants under LD conditions, nearly 140 days
elapsed from sowing to flower (Table 4.1). From other experiments in this project (data
not presented), cutting-propagated plants grown under LD conditions required fewer
than six weeks to flower. If Zimmer’s (1979) experiments were not of sufficient duration,
plants would not have flowered and the logical conclusion would have been that H.
phyllostachya is a qualitative SDP.  Obviously, the materials used (seed- or
cutting-propagated) and duration of experimentation could affect the results and

conclusions regarding the photoperiodic response of this species.

Results presented in Figure 4.1 and Table 4.1, and the results of Zimmer (1979,
1980, 1985) seem to be consistent with the definition of a quantitative (or facultative)
SDP (Bernier et al., 1981), because polka-dot plant flowered under either LD or SD

conditions albeit more rapidly under SD.

Others have investigated the juvenile period and inductive sensitivity of herbaceous
plants by subjecting plants with increasing leaf numbers to inductive photoperiods in
order to quantify the end of juvenility (Lyons and Booze-Daniels, 1986; Bourke, 1990).
In qualitative LDP such as Eschscholzia californica (California poppy) (Lyons and

Booze-Daniels, 1986) and Rudbeckia hirta "Marmalade’ (Bourke, 1990), there was a
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requirement of LD for flowering and plants did not develop reproductive structures
under non-inductive (SD) conditions. In both species, a minimum number of expanded
leaves was necessary for flowering in the shortest time once inductive conditions (LD)
began. This critical leaf number, below which flowering occurred slowly induced,

represented the stage when juvenility ended and plants became physiologically mature.

A minimum of 10 California poppy leaves (Lyons and Booze-Daniels 1986) and
15-24 rudbeckia leaves (Bourke, 1990) were required for plants to flower in the shortest
time once inductive LD began. In both species, a quadratic relationship existed between
leaf number when plants were transferred to LD and days to flower from onset of LD
{Lyons and Booze-Daniels, 1986; Bourke, 1990). In contrast to California poppy and
rudbeckia, both significant linear and quadratic relationship between node number when
plants were transferred to SD and days to first flower from onset of SD were evident in
H. phyllostachya (Table 4.1). In fact, the linear model was selected because it is a simple

and accurate description of the gradual loss of juvenility.

Polka-dot plant flowered under LD once plants attained 16 nodes (Figure 4.1, Table
4.1). Therefore, there was no minimum SD requirement for flowering; plants progressed
slowly out of the juvenile state towards the mature state and were increasingly sensitive
to inductive SD conditions as they aged and formed additional nodes. This response
differs from classic definitions of juvenility in which either plants are totally insensitive
to inductive conditions during the juvenile phase (Bernier et al., 1981) or flowering

cannot be induced by any treatment (Thomas and Vince-Prue, 1984).
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Ethephon Experiments

Cutting-propagated Cultivars

Under both LD and SD conditions, ethephon applications significantly inhibited
shoot growth and internode elongation (Table 4.2). Height suppression was greater as
concentration increased; increasing concentration from 0 to 500 mgliter~! reduced
shoot elongation by 50% or more. The retardation of internode elongation resulting
from ethephon treatments agreed with other observations that ethephon inhibits
internode elongation in geraniums (Shanks, 1982; Tayama and Carver, 1991). Shoot
growth and height were generally greater under SD even though average internode
length was less under SD. Dry weight and increase in height were greater in "Hippo

Pink’ than in "Hippo White’ or "Hippo Red".

Under SD, plants were characterized by rapid development of flower buds both on
the main stems and on axillary shoots. Therefore, shoot dry weights (leaves plus stems
plus any flower buds) were greater under SD than LD. In general, plants grown under
SD, and especially at lower ethephon concentrations, developed more flower buds
(aborted plus viable reproductive buds) than those grown under LD. Fewer number of

flower buds were developed in "Hippo Red’ than in ‘Hippo White’ and "Hippo Pink’.

The flower inhibiting effect of ethephon was more dramatic under SD than under
LD (Table 4.2). Plants grown under LD possessed only 2-4 flower buds, regardless of
ethephon treatment. Under SD, ethephon at 1500 or 2500 mgsliter ~! limited the flower

number to that of LD plants. The optimal rates to control shoot growth and inhibit
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flowering under SD appeared to be 500-1500 mgeliter~!. Ethephon sprays of 500
mgeliter~! are currently suggested to reduce the number of flowers while increasing
branching and thus the number of cuttings on geranium stock plants (Tayama and

Carver, 1991).

Ethephon applications promoted leaf epinasty and horizontal growth habit of H.
phyllostachya shoots, especially under LD (data not presented but evident in the negative
increase in height for ‘Hippo Red’ treated with 2500 mgdliter~! ethephon). The
symptoms were less apparent under SD. Ethephon treatments also resulted in
senescence and abscission of lower leaves, particularly under SD, which might affect
quality of the plant. One of the classic symptoms of ethylene exposure in plants is the
downward growth of the petioles, termed “epinasty” (Reid, 1987). When poinsettias
were treated with ethylene, epinasty was observed as a curvature or twisting of the
petioles (Reid, 1987). Ethylene or ethylene-releasing compounds are also known to

promote accelerated senescence of leaf tissue in a number of species (Goldthwaite, 1987).

Seed-propagated Cultivars

Time of Application: Ethephon treatments also resulted in leaf epinasty, horizontal
growth of the shoots, senescence, and abscission of lower leaves on seed-propagated H.
phyllostachya plants (data not presented). Both time of application and ethephon
concentration significantly affected shoot growth and the number of SD required to
reach anthesis (Table 4.3). As ethephon rates increased, plant growth was significantly
inhibited, although ethephon treatments at 500 mgeliter—! exerted a minor control of

plant height compared to 1500 and 2500 mgeliter~!. At 2500 mg.liter~!, shoot growth

93



was more significantly retarded and most plants were 50% shorter than the non-treated

controls except for those treated 8 weeks after SD began.

When ethephon was applied at 500 mgsliter~!, flowering was only slightly delayed
compared to the controls (Table 4.3). The ethephon-promoted delay became more
significant at higher concentrations. For example, at 2500 mgeliter ~!, most of the plants
either did not reach anthesis by the end of the experiment or required significantly more
SD to flower than the non-treated controls. Plants treated at,any rate eight weeks after

the start of SD required virtually the same number of SD to flower as in the controls.

Ethephon treatments significantly affected the total number of flower buds formed
per plant and the percentage of plants flowering (Table 4.4). All ethephon treated plants
developed significantly fewer flower buds than the non-treated controls, regardless of
rate or time of application. Only minor differences in the number of flower buds were
observed between 1500 and 2500 mg.liter~! although bud number was always less at
2500 mg.liter—!. Plants treated in the first through the seventh week after the start of
SD developed a similar number of flower buds although bud number tended to be
greater when plants were treated early or late in that time period. As ethephon
concentrations increased, the percentage of plants flowering decreased significantly;
most plants receiving 2500 mgeliter—! ethephon either flowered at a low percentage or

did not reach anthesis by the end of experiment (eight weeks after the start of SD).

To explain the data presented in Figure 4.2, buds of each treated plant were
dissected and classified into one of three categories (data not shown). A viable flower
bud was determined to be one which possessed green ovaries and purple petals. An

aborted flower bud either possessed yellowish-brown (chlorotic or necrotic) sepals and
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was smaller than a normal viable flower bud (2-3 mm compared to 1-1.2 cm,
respectively) or the unfolded petals had turned brown. When aborted buds were
dissected, ovaries also appeared necrotic and non-functional. In contrast, a vegetative

bud did not form floral structures and contained only leaf primordia.

The types of buds formed on ethephon treated plants were determined by ethephon
concentration and when ethephon was applied (Figure 4.2). As ethephon concentration
increased, the number of vegetative buds increased and the number of viable flower buds
decreased. Plants treated with ethephon always had more vegetative buds and fewer
viable flower buds than the non-treated controls except for very early or late applications
of 500 mgeliter-!. The relationship between time of application and the number of
vegetative or aborted buds were always more quadratic than linear, whereas linear and
quadratic correlations between time of application and the number of viable buds were
virtually of equal statistical significance. The greatest number of viable flower buds were
evident on plants treated with 500 mgsliter~! except that plants treated eight weeks after

the start of SD had 73% of their flower buds aborted.

When plants were treated with 1500 mgsliter~! ethephon, the correlation between
time of application and bud types became more significant than when treated with 500
mg.liter~!. The number of viable flower buds declined with later ethephon application
but no aborted flower buds were found until the 3-week application and the number of

aborted buds steadily increased with later application.

Application of ethephon at 2500 mg.liter~! resulted in an even stronger correlation
between time of application and bud types (Figure 4.2). In general, plants formed fewer

viable flower buds and more vegetative buds and aborted flower buds at 2500
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mgeliter~! than at 500 or 1500 mgeliter~!. Plants treated 0-5 weeks after the start of SD
developed more vegetative buds than those receiving later applications. Plants treated
with 2500 mgeliter~! ethephon formed greater number of aborted flower buds in the 5,

6, and 7 week-treatments than those treated with 1500 mg.liter 1.

Ethephon at 500 mgeliter~! reduced the total number of flower buds formed on the
plants (Table 4.4), but only slightly delayed or inhibited flowering compared to the
controls (Table 4.3). When plants were treated with ethephon at 500 mg.liter-! at 0
through 7 weeks after start of SD, a great number of viable flower buds were formed,
perhaps because those plants had already “grown out” of the ethephon effect by the
completion of the experiment. It is also possible that 500 mgeliter~! was too low a dose
to have a significant physiological effect on floral initiation. This is substantiated by the
greater effect on vegetative bud number at higher concentrations. Regardless, at low

concentrations, plants eventually flowered when the ethephon was applied.

Sixty percent of the plants treated at 8 weeks after the start of SD had begun to
flower before ethephon (at 500 mgsliter—!) was applied (Table 4.4). Ethephon
apparently aborted the already existing flower buds so that a great number of aborted
flower buds were found (Figure 4.2A). However, growth beyond node 10 would have
likely resulted in viable flower buds in the future, after the effect of ethephon dissipated.
In other species, exogenous application of ethylene inhibits, delays, or otherwise
adversely affects flowering. For instance, exogenous ethylene promoted petal abscission
(shattering) in seed-propagated geranium (Armitage et al., 1980). Lieberman ez al.
(1964) showed that exposure of carnation flowers to ethylene accelerated desiccation of
petals which is normally associated with senescence. Therefore, when polka-dot plant

was treated with ethephon at the time of anthesis (the eight-week treatment; Table 4.4,
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Figure 4.2), flower abortion may have been due to desiccation of floral parts. Further,
snapdragons treated with Ethrel at 1200-4800 mgsliter ~! resulted in emasculated flowers
(abscission of anthers) but functional ovaries (viable seeds were formed) (Shanks, 1969),

whereas in polka-dot plant the ovaries were necrotic and apparently nonfunctional.

Application of ethephon at 1500 mgsliter~! reduced the number of viable flower
buds and more vegetative buds were formed than when applied at 500 mgsliter—!. The
flower aborting effect of 1500 mg.liter~! was evident in plants treated as early as 3-5
weeks after start of SD whereas at 500 mgeliter~! only plants treated in the last week
had aborted flower buds. This indicates that, at higher concentrations (1500 and 2500

mgeliter 1), the effect of ethephon was more persistent.

Kende and Hanson (1976) indicated that the sensitivity or responsiveness of flower
petals to ethylene may increase with age such that more mature petals senesce in
response to lower levels of ethylene. Although the nature of this change in sensitivity
is unknown (Borochov and Woodson, 1989), it is possible that as polka-dot plants aged,
they became more sensitive to ethephon so that a great number of buds were aborted in
later treatments (more mature plants). For example, at lower rate (500 mg.liter—1!),
plants responded to ethephon only when they were treated 8 weeks after the start of SD.
At higher concentrations (1500 and 2500 mgeliter~!), however, plants responded to
ethephon at a less mature stage so that flowers were aborted in the 3-5 week treatments

rather than 8 week treatment.

As ethephon concentration increased from 1500 to 2500 mg.liter !, flowering was
further delayed or inhibited because the percentage of plants which flowered was lower

(Table 4.4) and the number of aborted flower buds significantly increased (Figure 4.2B,
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4.2C). In addition, ethephon at 2500 mg.liter—! aborted flower buds in the same
week-treatments as at 1500 mgdliter~!. When 2500 mg.liter~! ethephon was applied
more than 6 weeks after the start of SD, a minimum number of viable flower buds was
formed but the number of vegetative buds was very low and number of aborted buds
high. These results suggest that high concentrations of ethephon could effectively delay
flowering for several weeks. The results also indicate that applications to young plants
(more juvenile) results in a shift in bud formation from reproductive to vegetative, while

in older, more mature plants the primary effect is flower abortion.

Ethephon effects on seed-propagated plants (Table 4.4) were consistent with the
effects on cutting-propagated plants under SD conditions (Table 4.2). In both cases,
plants formed significantly fewer flower buds in response to high concentrations of

ethephon.

Number of Applications: By increasing the number of ethephon applications (1500
mgeliter~!), shoot growth was significantly suppressed, flowering was delayed, fewer
flower buds were formed, and a very low percentage of plants reached anthesis by the
end of experiment (Table 4.5). Plants which received two applications of ethephon
formed more vegetative buds and fewer viable flower buds than plants which were

untreated or treated once. No aborted flower buds were observed in any treatment.

Increasing the number of applications at 1500 mgeliter~! enhanced the effect of
ethephon, approaching that of one application of 2500 mgsliter~! at 0, 1, 2, 3, and 4
weeks after the start of SD (Table 4.4 and Table 4.5). In both cases, the percentage of
plants flowering was very low, a similar number of vegetative buds was formed, and no

aborted flower buds were observed. Therefore, even at lower concentrations, increasing
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the number of applications could still effectively control flowering with the effect being

comparable to one application at a higher concentration.

In summary, Hypoestes phyllostachya was determined to be a quantitative (or
facultative) SDP. It flowered under LD conditions, but flowering was more rapid under
inductive SD conditions. Plants which developed 16 or more nodes under LD flowered
even though they had not been subjected to SD. The sensitivity to inductive SD

conditions increased as plants attained a greater node number and became more mature.

Under either LD or SD conditions, ethephon significantly retarded shoot growth
and internode elongation on both seed- and cutting-propagated plants. Ethephon also
significantly inhibited or delayed flower formation, especially under SD. As the
concentration increased, the inhibition of shoot growth was enhanced. However, the

optimal ethephon rate was 500-1500 mgliter 1.

Time of ethephon application also affected growth and flowering. At 500
mgeliter ~!, flowering was slightly delayed, but a high number of viable flower buds were
formed. Increasing the ethephon concentration to 1500 and 2500 mg.liter~! further
delayed flowering, resulted in fewer flower buds being formed, and reduced the
percentage of plants which flowered. The type of axillary buds formed under SD was
significantly affected by ethephon concentration and the time it was applied. Plants
treated at early stages might grow out of the ethephon effect by the time of flowering,
especially at lower concentrations. At high concentrations, application could be made
at any time between 0 and 5 weeks after the start of SD to maximize the number of

vegetative buds and minimize the number of viable flower buds. Increasing the number
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of applications of ethephon (1500 mgsliter—!) significantly inhibited shoot growth and

flowering.

Although ethephon effectively reduced flowering, the adverse effects of leaf epinasty,
leaf senescence, and horizontal shoot growth would likely minimize the commercial use
of ethephon on Hypoestes phyllostachya. The use of seed-propagated plants is also
recommended since the time required for seed-propagated materials from sowing to

flower is longer than that for cutting-propagated plants from sticking cuttings to flower.
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Days from the Start of SD to Flower
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Figure 4.1. Relationship between plant node number at the start of short days and
number of days from the start of short days to flowering in seed-propagated Hypoestes
phyllostachya "Confetti Carmine Rose’. Area bound by dashed lines represents the 95%
confidence interval; Y = 60.40 - 3.28 X, R2=0.94**,
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(A) Ethephon = 500 mg.liter !
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(C) Ethephon = 2500 mg.liter~*
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Figure 4.2. Effect of time of application and ethephon concentrations, (A) 500
mgeliter—!, (B) 1500 mgeliter~!, and (C) 2500 mg.liter—!, on development of vegetative
buds, aborted flower buds, and viable flower buds under short day conditions in
seed-propagated Hypoestes phyllostachya ‘Confetti Carmine Rose’. Data are means of
10 observations. (L. linear regression model, Q: quadratic regression model; #5 * ** not
significant or significant at P = 0.05 and 0.01 level, respectively)
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Table 4.1. Effect of node number at the start of short days on the subsequent growth
and flowering of seed-propagated Hypoestes phyllostachya ‘Confetti Carmine Rose’.
Data were recorded on the day of first flower. Data are means of 10 observations.

Number of Plant Number of LD Number of Days Number of Days
Nodes at Height Required to from the start from Sowing to
Start of (cm) Attain Node of SD until Anthesis
SD Number Anthesis
2 8.6 & 32 h 53 a 85 g
4 25.9 ¢ 54 g 44 b 98 £
6 46.2 b 77 £ 43 b 119 e
8 46.7 b 90 e 39 ¢ 129 4
10 49.0 b 102 4 31 .d 134 cd
12 56.0 a 113 ¢ 23 e 136 bc
14 52.6 a 133 b 9 f 143 a
16 55.0 a 139 a 1g 140 ab
18 55.3 a 141 a lgqg 142 ab
20 56.3 a 143 a 0g 143 a
Significance’
Linear *k *k ** *k
(R?) (0.64) (0.93) (0.94) (0.72)
Quadratic *k 1 13 L 1] *k
(R?) (0.87) (0.98) (0.94) (0.90)

*Means within a column followed by different letters are significantly different by Student-
Newman-Keul's multiple range test (P = 0.05).
:§ignificance of regression model.

Significant at P = 0.01.
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Table 4.2. Effect of photoperiod and ethephon sprays on growth and flowering of three
cultivars of cutting-propagated Hypoestes phyllostachya.

observations.

Data are means of 6

Increase in Internode Shoot Dry Number of
Cultivar Ethephon Height Length Weight Flower
Rate (cm)? (cm) (g) Buds”
(mg/1) LD sD LD sD LD sD LD sD
'Hippo White'
o] 9.9 a* 17.9 a .7 a 1.7 a 0.68 a 0.79 a 4 a 45 a
500 3.2 b .7 Db 0.8 b 0.58 a 0.65 a 4 a 10 b
1500 1. 1.9 b b b 0.52 a 0.55 a 4 a b
2500 1.0 b 2.1 b .1b .6 b 0.38 a 0.50 a 3 a b
'‘Hippo Pink!'
1] 11.5 a 22.1 a a .3 a 0.71 a 0.96 a 3 a 41 a
500 4.8 b 11.1 b 2.1 b a 0.75 a 1.12 a 3 a 16 b
1500 1.1 b 2.1 ¢ b .2 b 0.61 a 0.72 a 2 a 3 b
2500 3.2 b 2.1 ¢ 1.7 b .1 b 0.66 a 0.69 a 3 a 3 b
'Hippo Red'
0 8.1 a 18.8 a 2.8 a 2.4 a 0.68 a 0.92 a 3 a 31 a
500 3.3 b 8.8 b .8 b .8 b 0.64 a 0.87 ab 2 a 10 b
1500 1.1 c 1.8 ¢ .4 b c 0.51 a 0.57 b 2 a 2 b
2500 -0.6 c 2.2 ¢ .9 ¢c .0 c 0.43 a 0.70 ab 2 a 2b
Analysis of Variance
Day Length (DL) *h *k ') *k
Rate (R) *® " *k ok
Cultivar (CV) *k LT k% *
DL x R ok NS NS *x
R x CV NS NS NS NS
DL x CV * *k NS NS
DL x R x CV NS NS NS NS

*Increase in plant height = height, - height, in cm, where height; = height before treatment
and height, = height at the 5th week after treatment.
YNumber of flower buds includes viable and aborted reproductive buds.

*Means within a column for each cultivar followed by different letters are significantly
£ = 0.05).

¥s.*.""Not significant or significant at P = 0.05 and 0.01 level, respectively.

different by Student-Newman-Keul's multiple range test (P

106



Table 4.3.

Effect of time of application and ethephon sprays on shoot growth and

number of short days required to reach flowering in seed-propagated Hypoestes
phyllostachya "Confetti Carmine Rose’ under short day conditions. Data are means of
10 observations and were taken 10 weeks after the start of short days.

Plant Height

Number of SD Received

Weeks After (cm) until Anthesis
Start of SD
500 1500 2500 500 1500 2500
ng/1 ng/1 ng/1 mg/1 mg/1 ng/1
Control 20.8 a* 20.8 a 20.8 a 57 £ 57 ¢ 57 b
(¢] 17.3 bc 14.3 b 11.0 ¢ 63 bcd 66 ab 68 a
1 19.2 ab 13.6 b 9.6 cde 62 cde 68 ab 71 a
2 13.3 d 13.0 b 8.9 cde 67 a 67 ab 66 a
3 13.8 4 6.9 ¢ 6.8 ef 66 ab 67 ab Y
4 17.5 be 12.3 b 7.7 de 59 ef 68 ab 70 a
5 15.8 cd 6.8 c 5.0 £ 64 abc 71 a y
6 20.0 ab 14.0 b 11.8 ¢ 61 cdef 64 b Y
7 13.8 d 12.1 b 10.3 cd 64 abc y Y
8 18.4 abc 15.7 b 16.3 b 58 ef 56 c 56 b
Analysis of Variance
Weeks (W) *k 123
Rate (R) ok *k
W XR *k *k
*Means within a column followed by different letters are significantly different by Student-

Newman-Keul's multiple range test (P = 0.05).

YPlants did not reach anthesis at the end of experiment.

“*significant at P = 0.01.
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Table 4.4. Effect of time of application and ethephon sprays on number of flower buds
and percentage of flowering of seed-propagated Hypoestes phyllostachya 'Confetti
Carmine Rose’” under short day conditions. Data are means of 10 observations and were
collected 10 weeks after the start of short days.

500 mg/1 1500 mg/1 2500 mg/1
Weeks After
start of SD Number of Plants Number of Plants Number of Plants
Flower Flowering Flower Flowering Flower Flowering
Buds? (%) Buds (%) Buds (%)
Control 47 ay 100 47 a 100 47 a 100
0 27 cd 100 17 ¢ 80 12 ¢ 40
1 37 b 100 18 ¢ 80 10 ¢ 10
2 17 de 80 15 ¢ 70 c 10
3 15 e 100 7c 30 c 0
4 22 cde 100 14 c 90 c 30
5 22 cde 100 8 ¢ 20 c
6 30 be 100 15 ¢ 10 10 c
7 18 de 50 14 ¢ 0 12 ¢
8 38 b 60 26 b 30 23 b 60

Analysis of Variance

Weeks (W)
Rate (R)
W x R

Number of Flower Buds

*h

*k

* %

!Number of flower buds includes viable and aborted reproductive buds.
"Means within a column followed by different letters are significantly different by Student-
Newnman-Keul's multiple range test (P = 0.05).

Significant at P = 0.01.
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Table 4.5. Effect of number of applications of ethephon sprays (1500 mg.liter~!) on
shoot growth and flowering of seed-propagated Hypoestes phyllostachya 'Confetti
Carmine Rose’ under short day conditions. Data are means of 10 observations.

Number Plant No. of SD No. of Plants No. of No. of No. of
of Height Received Flower Flowering Vegetative Aborted Viable
Applications (cm) until Buds (%) Buds Flower Flower

Anthesis Buds Buds

Control 20.8 at 57 ¢ 47 a 100 lc 0 a 9 a

1 14.3 b 66 b 17 b 80 2 b 0 a 8D

2 8.7 ¢ 72 a 6 C 10 6 a 0 a 4 ¢

Analysis of Variance

Number of "k *k "R *h - %
Applications

Means within a column followed by different letters are significantly different by Student-
ngman-xeul's multiple range test (P = 0.05).
Significant at P = 0.01.
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APPENDIX A. Shoot Fresh Weight and Shoot Dry

Weight Relationship

The relationship between fresh weight and dry weight of the shoots (leaves plus
stemns) in cutting-propagated Hypoestes phyllostachya. Data were collected from all 336
plants which were used in the growth retardant experiment (Chapter 3). The correlation

1s linear with R2=0,93**,
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APPENDIX B. Leaf Area and Leaf Dry Weight
Relationship

The relationship between leaf area and leaf dry weight in cutting-propagated
Hypoestes phyllostachya. Total leaf area and leaf dry weight were measured using a
LI-COR LI-3000 (LI-COR, Lincoln, NE) area meter from twelve randomly selected
plgmts which were not treated with any growth retardant. The correlation is linear with
R%Z=0.81**.
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