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Abstract

Seed production and the influence of light and temperature on germination were determined for eight cultivars and the wild type form
of Mexican petunia (Ruellia tweediana Griseb). The wild type form of R. tweediana has been ranked by the Florida Exotic Pest Plant
Council as a Category I invasive plant, meaning it has invaded and is disrupting native plant communities in Florida. The cultivar
‘Purple Showers’ did not set any seed. Peak flowering and seed production for other cultivars generally occurred in August with
‘Morado Chi’, ‘Chi Chi’, and the wild type plants producing approximately three times the amount of seed produced by ‘Katie Pink’,
‘Katie Purple’, ‘Katie White’, and ‘Snow White’. For seed germination, significant cultivar x light interactions occurred for each
temperature treatment. Some germination was observed at each temperature except for ‘Katie Purple’, ‘Katie Variegated’, and ‘Katie
White’ at 33C (91.4F) without light. Regardless of cultivar or provision of light, 94-100% germination occurred at 30/20C (86/68F),
with the exception of ‘Katie Purple’ (65%), ‘Katie Variegated’ (54%), and ‘Katie White’ (83%) without light. At 15, 24 or 33C (59, 75.2,
and 91.4F), germination was generally greatest for ‘Chi Chi’ (with or without light) and ‘Morado Chi’ (with light). In parallel greenhouse
studies, where seeds were germinated in pots containing a soilless medium, highest germination was achieved by ‘Chi Chi’, ‘Katie
Pink’, Katie Variegated’ and ‘Morado Chi’, while significantly lower germination was achieved by wild type plants (55%) by day 14.
Storage studies demonstrated that germination of seed collected from the wild type and ‘Chi Chi’ plants began to decrease between 6
and 12 months when maintained at 24C (75.2F) but had equal (‘Chi Chi’) or higher (wild type) germination when maintained at 4C

(39.2F) for 12 months.

‘Katie White’, ‘Morado Chi’, ‘Purple Showers’, ‘Snow White”).

Index words: light, temperature, exotic plants, invasive, ornamentals, Mexican petunia, sexual propagation.

Species used in this study: Mexican petunia (Ruellia tweediana Griseb. ‘Chi Chi’, ‘Katie Pink’, ‘Katie Purple’, ‘Katie Variegated’,

Significance to the Nursery Industry

The Tampa Bay Wholesale Growers, Florida Nurserymen
and Growers Association, and the American Nursery and
Landscape Association Board of Directors were among the
first in the nation to adopt voluntary codes of conduct for the
nursery industry with regards to invasive plants (6). The codes
of conduct involve adoption of risk assessment methods that
consider plant characteristics and prior observations or ex-
perience with the plant elsewhere in the world before it is
released and distributed. Research on invasive plants is criti-
cal to provide scientific evidence of whether a plant is cur-
rently invasive or has potential to become invasive. This in-
formation can then be relayed to growers, who in turn can
make informed decisions on whether or not a particular plant
should be produced commercially.

Invasive species have biological characteristics in com-
mon that predispose them towards invasiveness. For example,
the wild type Mexican petunia (Ruellia tweediana) has sev-
eral invasive qualities, including (a) tolerance of variable
conditions including light, temperature, and moisture, (b)
aggressive growth, (c) preference to disturbed sites, and (d)
ability to produce abundant seed over a long reproductive
period. However, it is not appropriate to deem a species with
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high ornamental value as invasive without considering the
invasiveness of its cultivars. Results of this research demon-
strated that all Mexican petunia cultivars studied produced
viable seed under open pollination, with the exception of
‘Purple Showers’. The cultivars ‘Chi Chi’ and ‘Morado Chi’
produced as much seed as the wild type with higher germi-
nation rates.

Introduction

The State of Florida is the second largest producer of or-
namental and landscape plants in the United States with an
estimated 10 billion dollars in total industry sales during 2000
(12). While most intentionally introduced species remain in
their cultivated settings, some invade natural areas (23). In-
vasive species have disrupted millions of acres of natural
areas in the United States, costing Florida over 128 million
dollars annually to control. Some of these plants were intro-
duced originally as ornamentals and are highly prized by both
producers and consumers for their rapid growth, adaptabil-
ity, and ease of propagation. Of the 235 woody plant species
that have escaped cultivation and naturalized in North
America, 85% were introduced primarily for the landscape
trade (17). Of the original 96 plant species listed as invasive
by the Florida Exotic Pest Plant Council (FLEPPC), 45%
were introduced as ornamentals (9). Today, severely inva-
sive plants are regulated by statutory authority. In addition,
many states have organized Exotic Pest Plant Councils that
maintain a current list of plants that are considered to be in-
vasive or have invasive potential.

While the FLEPPC list (7) contains some plants that are
regulated also by state law, the list does not have statutory

137

$S900E 98] BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



authority. As with many issues, the problem arises in that
there are many different interpretations of whether a plant is
invasive. Plants are placed on the FLEPPC list under ‘Cat-
egory I’ if they are nonnative and known to have invaded
Florida’s natural areas, and are displacing native plants or
otherwise disrupting the natural community structure and/or
function. Unfortunately, once a plant is placed on the FLEPPC
list, spread is often at advanced stages, making eradication
more difficult, expensive, and destructive. Early prevention
is undeniably the best method of protection.

Fourteen of the plants listed as Category I by FLEPPC are
extensively cultivated for their ornamental value (25). One
of these 14 plants, R. tweediana, is a herbaceous perennial
(USDA Hardiness Zone 7-9) grown for its bright colored,
trumpet-shaped flowers and adaptability to wet and dry sites
in full sun or shade. It commonly is sold by the ornamental
industry under the synonym Ruellia brittoniana Leonard.
Named in 1879 by the German botanist, August Grisebach,
this native Mexican species is characterized by linear-lan-
ceolate leaves 8—22 cm (3.1-8.7 in) long with purple flowers
borne solitary or in a few-flowered cymes from the leaf ax-
ils. The fruit is an elongated capsule up to 2.5 cm (0.9 in)
long with brown circular seeds that are 2 mm (0.08 in) in
diameter (22). Flower and seed stages alternate year-round
in Florida. Seeds are viable almost immediately after dehisc-
ing from the capsule (24).

Since its introduction sometime before 1940, R. tweediana
has since naturalized in disturbed uplands and wetlands of 9
states, the Virgin Islands, and Puerto Rico (21). In Florida, it
has formed naturalized populations in 26 counties through-
out the state (27). In 2001, FLEPPC upgraded Ruellia
tweediana from a Category II (potential problem) to Cat-
egory I due to observed ecological invasion and disruption

of native plant communities (7). The wild type form of R.
tweediana is inferior to the cultivated forms and rarely of-
fered for sale. There are eight known cultivars that have been
selected commercially for pink, purple, or white flowers as
well as tall and dwarf forms (5). The cultivars reportedly are
weedy in cultivation with some seedlings having the typical
growth form and flower color of the species (10).

Species and respective cultivars with highly invasive char-
acteristics warrant caution and evaluation before thousands
of dollars are spent marketing, optimizing production, and
distributing plants that may require eradication in the future.
Therefore, the overall objective of this study was to charac-
terize potential invasiveness of wild type R. tweediana and
its cultivars. Specific objectives were to a) determine the ef-
fect of light, temperature, and cultivar on germination rate,
(b) relate viable germination to seed production, and c) de-
termine the effect on storage time and temperature on germi-
nation.

Materials and Methods

Plant material. Original cultivars of R. tweediana were
obtained from Boynton Botanicals (Palm Beach, FL) with
the exception of ‘Katie Variegated’ (Plant Delights Nursery,
Inc., Raleigh, NC). The wild type form was propagated from
seed collected from a naturalized population (Tallahassee,
FL). Plant size, flower color, synonymous cultivar names,
and origin of each cultivar, if known, are listed in Table 1.

Plant growth. On August 14, 2001, six 4-week-old seed-
lings of each cultivar except ‘Purple Showers’ were trans-
planted to 3.8 liter (1 gal) pots containing a 3-B soilless me-
dium (Fafard, Inc., Apopka, FL). Plants were maintained in

Table 1. Botanical description, origin and synonyms of wild type Ruellia tweediana and cultivars evaluated.

Cultivar/species Synonyms Botanical description and origin
‘Chi Chi’ ‘Pink Showers’ 0.9-1.2 m (34 ft), upright growth, 5 cm (2 in) diameter pink flowers, narrow leaves
‘Katie Pink’ ‘Bonita Pink’™, 15-30 cm (612 in) compact form, 5 cm (2 in) diameter pink flowers, narrow leaves; Discovered by
‘Colobe Pink’PPAF, Greg Grant who used ‘Purple Katie’ as the female parent to cross with the standard pink R.
‘Compact Pink Ruffle’™, tweediana (15)
‘Pink Shorts Katie’™
‘Katie Purple’ ‘Compacta Katie’, 15-30 cm (612 in) compact form, 5 cm (2 in) diameter purple flowers, narrow leaves; discovered in
‘Dwarf Katie’, Texas by employees Herbert Durand and Nolan Guillot (13)
‘Purple Katie’
‘Katie Variegated’ ‘Strawberries and Cream’ 15-30 cm (6-12 in) compact form with variegated foliage, 5 cm (2 in) diameter purple flowers,
narrow leaves; discovered by Scott Reaves of Tree Search Farms in Texas in 1994 in a grouping of
‘Katie’ (16)
‘Katie White’ ‘Clean White Katie’™, 15-30 cm (612 in) compact form, 4.5 cm (1.8 in) diameter white flowers, narrow leaves
‘Clean White Shorts’™,
‘Compact White Ruffle’™
‘Morado Chi’ 0.9-1.2 m (3—4 ft), upright growth, 4.5 cm (1.8 in) diameter purple flowers, very narrow leaves
‘Purple Showers’ ‘Purple Fountain’ 0.9-1.2 m (34 ft), upright growth, 5.5 cm (2.2 in) diameter purple flowers, leaves wider than the

wild type species

‘Snow White’ ‘Snow Queen’, ‘White Snow’ 0.9-1.2 m (34 ft), upright growth, 4.5 cm (1.8 in) diameter white flowers, rounded leaves; sold as
R. tweediana but may be a distinct species

Wild type 0.6-0.9 m (2-3 ft), upright growth, 3.5 cm (1.4 in) diameter purple flowers, leaves more narrow than
‘Purple Showers’ and less narrow than ‘Morado Chi’; designated as a Category I invasive plant by
the Florida Exotic Pest Plant Council (7)
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the greenhouse for the duration of the experiment (33/22C
max/min) (91/72F). All plants were top-dressed at a stan-
dard rate of 15 g (0.53 oz)/pot of 15N-3.9P—-10K Osmocote
Plus® (The Scotts Co., Marysville, OH) and drip irrigated
every other day. Flowering was monitored daily and recorded
as the number of days from transplanting to the first day of a
fully open flower. Plants were harvested 14 weeks after trans-
planting. Shoots were severed at the soil surface, plant heights
were recorded as stem length to the shoot apex, and all shoots
were oven dried at 72C (162F) for 72 hr. Relative stem length
and dry weight were calculated by subtracting initial stem
length and dry weight at transplanting (week 4) from final
stem length and dry weight (week 18).

Seed production. On March 10, 2002, five uniform seed-
lings of each cultivar except ‘Katie Variegated’ and ‘Purple
Showers’ were transplanted in 3.8 liter (1 gal) pots contain-
ing a 3-B soilless medium (Fafard, Inc., Apopka, FL), and
positioned randomly on outside benches. After 12 weeks,
plants were transferred to 11.4 liter (3 gal) pots containing
the same medium and top-dressed at a standard rate of 45 g
(1.59 oz)/pot of 15N-3.9P—10K Osmocote Plus® and wa-
tered as needed. Seed capsules were removed daily before
capsules opened from May to December. The number of cap-
sules was recorded per plant per day. Seeds were allowed to
dehisce and then weighed each month.

Germination. Seeds with visible indication of pathogen or
insect damage were discarded. Individual treatments for all
incubator germination experiments consisted of five replica-
tions of 25 seeds in 9 cm (3.5 in) plastic petri dishes contain-
ing two sheets of Reeve angel® filter paper (Whatman Inc.,
Clifton, NJ) moistened with 10 mL (0.34 0z) nanopure wa-
ter. All dishes were sealed with parafilm to prevent desicca-
tion and placed in temperature and light controlled cham-
bers equipped with cool-white fluorescent lamps (Model 818,
Precision Scientific, Winchester, VA). Petri dishes were
placed in light (12 hr photoperiod) or darkness (no photope-
riod) at 15, 24, 33, or 30/20C (59, 75, 91, or 86/68F). The 12
hour photoperiod was maintained in each chamber with a
photosynthetic photon flux of 22-30 [Tmol'm?s™! at shelf
level. The diurnal treatment with light was administered by
providing 12 hours light at 30C (86F) followed by 12 hours
dark at 20C (68F). Dark treatments were administered by
wrapping petri dishes in two layers of heavy duty aluminum
foil. These dishes remained unopened until the final day of
the experiment. Germination of seed exposed to light was
monitored daily for a period of 14 days. A seed was consid-
ered germinated when radicle emergence was > 2 mm (0.08
in). At the end of the germination period, final germination
percentage (FGP), T50 (days to 50% of FGP), and the radicle
length (mean value excluding seeds that did not germinate)
were determined per petri dish.

Seed germination in the incubators was concurrent with
seed germination in the greenhouse. Five replicates of 25
seeds of each species were placed in 8.9 cm (3.5 in) pots
filled with a soilless germination medium (Fafard, Inc.,
Apopka, FL). Diurnal greenhouse temperatures were recorded
with a Universal K thermograph (Ryan® Instruments,
Redmond, WA). Average maximum and minimum tempera-
tures in the greenhouse were 38/25C (100/77F), respectively.
A seed was considered germinated when a cotyledon was
visible above the surface of the growth medium.
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A separate germination study was conducted concurrently
in the greenhouse to determine seed germination after ex-
tended periods of storage. Seed capsules were collected from
wild type species (tall, purple) (Lake Jessup Conservation
Area, Sanford, FL) and from the cultivated form, ‘Chi Chi’
(tall, pink) (Indian River Research and Education Center, Fort
Pierce, FL). Dehisced seeds were placed in polyethylene bags
and stored at 4 or 24C (39 or 75F). Sub-samples consisting
of 125 seeds were removed and germinated in a soilless me-
dium (25 seeds per pot) as described above at 0, 6, 12 and 18
months.

Experimental design and statistical analysis. For the pri-
mary germination study, a split block experimental design
was used with temperatures as the main blocks, and cultivar
and light treatments as the split-plots. Each treatment con-
sisted of 25 seeds per petri dish and was replicated five times.
Data were subjected to analysis of variance (ANOVA). Since
all variables had a significant cultivar X light interaction, LSD
(P 0.05) for interactions was calculated. For all other experi-
ments, five or six plants per cultivar were evaluated for plant
growth or seed production and data were subjected to ANOVA
procedures and means separated by Duncan’s multiple range
test at P < 0.05.

Results and Discussion

Growth rate and juvenile period. Of the tall forms evalu-
ated, ‘Snow White’ had the greatest plant height (stem length)
followed by wild type, ‘Chi Chi’ and ‘Morado Chi’ (Table
2). Relative shoot dry weight of ‘Snow White’ was 22% and
38% greater than that of ‘Chi Chi’ and ‘Morado Chi’, re-
spectively. ‘Morado Chi’ plants generally were smaller,
slower growing, and had 50% less flower initiation than the
other tall forms by week 14. Of the dwarf forms evaluated,
‘Katie Pink’ had the greatest plant height (Table 2). ‘Katie
Purple’ and ‘Katie White” had similar plant heights but ‘Katie
Purple’ had 7.3% more shoot dry weight than ‘Katie White’.
‘Katie Variegated’ plants were smaller and slower growing
as compared to the other dwarf forms, and had no flower
development by week 14. A short period between seed ger-
mination and the onset of flowering has been associated with

Table 2. Relative stem length, relative shoot dry weight, and days to
flower for dwarf and tall forms of R. tweediana grown for 14

weeks.
Relative Relative shoot
plant height dry weight Days to

Cultivar (cm) (€3] flower
Dwarf cultivars

Katie Pink 8.9a* 17.3a 49.5

Katie Purple 7.1b 17.3a 51.3

Katie Variegated 1.7¢ 1.2¢ —

Katie White 7.3b 14.1b 47.8
Tall cultivars

Chi Chi 71.1¢c 31.7bc 83.3a

Morado Chi 43.8d 27.7¢ —

Snow White 105.6a 38.7a 51.3b

Wild type 90.1b 36.0ab 80.2a

“Means separation (n = 6) within columns for dwarf or tall cultivars by
Duncan’s multiple range test at P < 0.05.

YNo flowering was observed by week 14.
*Only 50% of the plants flowered by week 14.
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Fig.1. Monthly seed production of the wild type Ruellia tweediana and six cultivars. Data were collected daily from five plants per cultivar of
identical age and are presented as means + standard error (n = 5).

many invasive species (17). Although fast growing, ‘Chi Chi’
and wild type plants flowered approximately 4.5 weeks later
than ‘Katie Pink’, ‘Katie Purple’ and ‘Katie White’. Regard-
less, 3 months is considered a short generation time that may
result in a fast population growth rate. Growth rate also has
been used to predict the weedy status in annuals (14).

Seed production. With the exception of ‘Purple Showers’,
all cultivars produced seed. In May, only ‘Snow White’ pro-
duced any seed. The tall forms generally produced seed from
June to December, while the dwarf forms generally produced
seed from July to October (Fig. 1). Perrins et al. (14) re-
ported that the length of the flowering period was greater in

Table 3. Final germination, radical length, and number of days to 50% of final germination (T50) of seed collected from the wild type Ruellia
tweediana and seven cultivars. Seeds were germinated with (12 hr photoperiod) and without light in petri dishes placed in incubators set at
15, 24, 30/20 or 33C (59, 75.2, 86/68 or 91.4F).

Final germination (%) Radical length (cm) T50 (d)*
Cultivar Light 15 24 30/20 33 15 24 30/20 33 15 24 30/20 33
Chi Chi Yes 98 88 100 100 2.0 4.8 3.9 2.7 6.2 3.0 3.0 22
Chi Chi No 92 82 100 90 1.5 2.7 2.4 1.3
Katie Pink Yes 66 71 98 87 1.3 4.2 3.8 2.1 8.6 3.8 3.0 3.0
Katie Pink No 53 12 97 36 1.2 1.6 2.1 1.6
Katie Purple Yes 42 20 100 30 0.9 3.5 3.1 24 8.8 4.5 3.4 5.0
Katie Purple No 14 2 65 0 1.0 1.0 2.0 0.0
Katie Vari. Yes 67 5 98 21 0.8 2.0 4.0 2.1 11.0 6.3 4.6 6.8
Katie Vari. No 10 4 54 0 0.8 0.8 22 0.0
Katie White Yes 61 29 100 40 1.2 4.1 4.2 2.6 9.2 4.4 3.6 5.4
Katie White No 39 3 83 0 1.1 1.3 22 0.0
Morado Chi Yes 92 54 99 90 2.2 4.9 4.1 2.8 7.6 32 3.0 3.0
Morado Chi No 75 34 96 10 1.7 2.3 2.3 1.8
Snow White Yes 40 6 96 9 0.8 1.9 4.0 3.6 11.6 6.7 3.0 32
Snow White No 83 18 94 2 1.5 1.9 24 0.9
Wild type Yes 58 43 99 46 1.5 6.0 4.2 24 8.0 4.0 3.4 38
Wild type No 59 23 94 7 1.6 29 3.0 1.6
LSD (0.05) (Cx L) 22 12 9 13 0.3 1.4 0.4 0.8
LSD (C) 1.4 0.6 0.5 1.7
Cultivar (C) kk sk sk kk kk desk kk k. k. desk kk sdesk

Cultivar x light (C x L)

ok

*k

*k

ok

ok

“T50 is reported only for seeds that germinated in light.
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Fig.2. Daily germination of seed of wild type Ruellia tweediana and seven cultivars in incubators with light (12 hr photoperiod) at 15, 24, 30/20 or
33C (59, 75.2, 86/68 or 91.4F) for 14 days. For parallel greenhouse (GH) studies (37/24C max/min) (99/75F), seeds were placed 1 cm below the
soil surface. Data represent the mean of five replications of 25 seeds per petri dish or pot + standard error.

weedy species as compared to nonweedy species. Long flow-
ering periods may allow greater accessibility to pollinators
and a greater chance of seed set (17). During July thru Octo-
ber, ‘Morado Chi’, ‘Chi Chi’, and wild type plants consis-
tently produced more seed than other cultivars (Fig. 1). In
August, ‘Morado Chi’, ‘Chi Chi’, and the wild type plants
produced approximately three times the seed weight than that
produced by ‘Katie Pink’, ‘Katie Purple’, ‘Katie White’, and
‘Snow White’.

J. Environ. Hort. 21(3):137-143. September 2003

Hiebert and Stubbendieck (11) developed a method for
ranking exotic plants for management and control in which
the number of seeds per plant is categorized as ‘few’ (0—10),
‘moderate’ (11-1,000), or ‘many-seeded’ (>1,000). Under
these guidelines, most of the containerized R. tweediana cul-
tivars used in our study (with the exception of ‘Purple Show-
ers’) would be categorized as moderate seed producers. In
addition to quantifying seed production, it is also important
to consider seed dispersal mechanisms. Characteristic of spe-
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Fig. 3. Percent germination of Ruellia tweediana seeds collected from
wild type species (tall, purple) (Lake Jessup Conservation Area,
Sanford, FL) (top) and from cultivated ‘Chi Chi’ (tall pink)
(Indian River Research & Education Center, Fort Pierce, FL)
(bottom). Seeds were stored for 0, 6, 12, or 18 months in sealed
polyethylene bags at 4 or 24C (39.2 or 75.2F) and germinated
in a soilless medium. Data represent the mean of five replica-
tions of 25 seeds per pot + standard error.

cies in the Acanthaceae subfamily Acanthoideae, plants of
R. tweediana disperse their seeds by an explosive action to
distances of up to 2.5 to 3.0 m (8.2 to 9.8 ft) (26).

Seed germination. Significant cultivar x light interactions
occurred at each germination temperature (Table 3). At 15C
(59F), highest germination occurred with ‘Chi Chi’ in light
or darkness (92%-98%) and with ‘Morado Chi’ in light
(92%). Both ‘Chi Chi’ and ‘Morado Chi’ also germinated
several days sooner than the other cultivars (Fig. 2) with low
T50 values and longer radicles at harvest (Table 3). Light
generally did not significantly affect germination, with the
exception of ‘Katie Purple’ and ‘Katie Variegated’ where light
increased germination, and of ‘Snow White’ where twice as
much germination occurred in darkness (Table 3). At 24C
(75.2F), highest germination occurred with ‘Chi Chi’ in light
or darkness (82%—88%) and ‘Katie Pink” in light (71%). Seeds
exposed to light had 1.6 to 11.8 times greater germination
than that of seeds in darkness for all cultivars except for ‘Chi
Chi’ and ‘Katie Variegated’ (where no difference was ob-
served) and ‘Snow White’ (where more than three times as
much germination occurred in darkness). For ‘Chi Chi’, 50%
of FPG was achieved in light by day 3 (Table 3, Fig. 2).
Radicle length at harvest was similar to that of ‘Morado Chi’
and the wild type species when germinated in light. At 30/
20C (86/68F), very high or complete germination (94—100%)
occurred for each cultivar, with or without light, except for
‘Katie Purple’, ‘Katie Variegated’ and ‘Katie White’ where
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germination was lower in darkness (54—83%). At 30/20C (86/
68F), the T50 was similar for most cultivars (3.0-3.6 days)
with the exception of ‘Katie Variegated’ which required 4.6
days to reach 50% germination (Table 3, Fig. 2). Radicle
length at harvest was similar for all cultivars in light with the
exception of ‘Katie Purple’ which had shorter average radicle
lengths (Table 3). At 33C (91.4F), seeds of ‘Katie Purple’,
‘Katie Variegated’ and ‘Katie White’ did not germinate in
the dark. Exposure to light improved germination for all cul-
tivars with ‘Chi Chi’ achieving the highest germination
(100%). Plants of ‘Chi Chi’ reached 50% of total germina-
tion after 2.2 days and 100% by day 4 (Table 3, Fig. 2). Al-
though ‘Snow White’ had low germination at 33C (91.4F),
the radicles of seedlings that germinated were longer as com-
pared to other cultivars, revealing high vigor of some seeds
but poor viability of most in warm temperatures.

Under greenhouse conditions in a soilless medium, high-
est germination was achieved by ‘Chi Chi’, ‘Katie Pink’,
‘Katie Variegated’ and ‘Morado Chi’, while significantly
lower germination was achieved by wild type plants (55%)
by day 14. Germination rate is a useful measure of the speed
of germination since germination patterns can be very dif-
ferent while final germination percentages can be nearly iden-
tical (Table 3, Fig. 2). Results indicate that cultivars of R.
tweediana have the capacity to germinate over a wide range
of temperatures. This suggests the likelihood of emergence
of these seedlings throughout the year in Florida. Several
weed species have been shown to germinate over a wide range
of temperatures (2, 19). In the present study, exposure to light
had no effect on germination percentages for five out of eight
cultivars tested at 15 or 30/20C (59 or 86/68F). This is sig-
nificant, since seeds that do not require light for germination
are capable of germinating when shaded by liter or a leaf
canopy or following burial in soil. However, at 33C (91.4F),
exposure to light increased germination of all cultivars. Non-
dormant seeds of many species germinate equally well in
light and darkness or have higher germination percentages
in light than in darkness (3). The light requirement for ger-
mination of other species has been found to vary with tem-
perature (4). Baker (1) suggested that germination require-
ments of an ideal weed could be fulfilled in a variety of envi-
ronments. The data in the present study suggest that seeds of
R. tweediana are capable of germinating under various light
and temperature conditions, and would be able to colonize in
a variety of naturalized locations. In Florida, it has been found
commonly in riparian sites but has been reported on drier
sites as well (27). While the most “‘weedy’ species of Viper’s
bugloss (Echium spp.) in Australia germinated far more
quickly than two less weedy species (8), Rejmanek and
Richardson (18) found no differences between percent ger-
mination of invasive and noninvasive pine species. Clearly,
seed germination is only one important factor to consider
when fully characterizing the invasive potential of a plant
species.

Seed germination following storage. Unstored R.
tweediana seeds germinated 54% (wild type) and 100% (‘Chi
Chi’) (Fig. 3). When stored at 4C (39.2F), germination of
wild type seeds increased following storage time of 6 to 18
months, while seeds of ‘Chi Chi’ maintained 100% germina-
tion. Germination of wild type seeds increased slightly to
61% after 6 months of storage at 24C (75.2F), but then de-
creased to 23% and 0% after 12 and 18 months, respectively.
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Germination of ‘Chi Chi’ seeds decreased continually as stor-
age time at 24C (75.2F) increased. These data are informa-
tive as to whether the seeds could be persistent in a seed
bank. Balyan and Bhan (2) reported higher germination when
seeds were stored in the soil than under laboratory condi-
tions, seemingly due to the effect of soil moisture softening
the hard seed coat. Thompson and Grime (20) distinguish a
transient seed bank from a persistent seed bank as one in
which none of the seeds produced at a given time remain
viable in the habitat for more than 1 year. Greater longevity
may allow seeds to remain in the soil bank for long periods
of time, germinating as conditions become favorable (4).
Eradication of plants that produce seeds with hard seed coats
or with prolonged viability generally becomes more prob-
lematic once infestation occurs.

Results from the present studies suggest that several R.
tweediana cultivars exhibit invasive behavior similar or more
pronounced than that of the wild type form. In addition, it
was noted that under open pollination, 12-22% of seedlings
from dwarf plants were of the wild type or standard pink
form. Thus, producers and consumers should use caution
when utilizing this species in the Florida landscape and may
opt to explore suitable non-invasive alternatives.
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