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SUMMARY. Chinese privet (Ligustrum sinense) and glossy privet (L. lucidum) have
been classified as Category I invasives in Florida. The closely related japanese privet
(L. japonicum) has escaped cultivation but is not considered a problem species in
Florida. Plant growth, visual quality, flowering, and fruiting were assessed for the
resident species (wild-type form) and selected cultivars of chinese privet, glossy
privet, and japanese privet planted in northern and southern Florida for 132 weeks.
Visual quality varied by site, month, and cultivar. With the exception of ‘Swift
Creek’ chinese privet (which did not survive in southern Florida), all cultivars
survived the study. All plants fruited in northern Florida. In southern Florida,
fruiting was less abundant and not observed for ‘Jack Frost’ japanese privet,
‘Rotundifolium’ japanese privet, ‘Swift Creek’ chinese privet, ‘Suwannee River’
hybrid privet, and glossy privet within 132 weeks. In northern and southern
Florida, the growth index rate was lower for ‘Lake Tresca’ japanese privet,
‘Rotundifolium’ japanese privet, and ‘Suwannee River’ hybrid privet than other
cultivars. There was a significant interaction between temperature and species for
seed germination. Germination in incubators set with a 12-hour photoperiod
ranged from 51% to 78.5% for chinese privet, japanese privet, and glossy privet
among temperatures, with the exception of glossy privet at 35/25 �C, where only
2.0% of seeds germinated. Germination in complete darkness ranged from 39.5% to
80.5% for chinese privet and glossy privet among temperatures, with the exception
of glossy privet at 35/25 �C, where only 0.5% of seeds germinated.

A
s the fastest growing segment
of agriculture in the United
States, ornamental horticul-

ture has been recognized as the main
source of plant invasions worldwide
(Dehnen-Schmutz et al., 2007). Flor-
ida is the second largest producer of
ornamental plants in the United States
with total industry sales in 2005 esti-
mated at $15.2 billion (Hodges and
Haydu, 2006). While the majority of
introduced plants do not escape culti-
vation, some plants become exception-
ally adaptable, regenerate prolifically,
and eventually invade natural areas
(Parker et al., 2007; Reichard and

Hamilton, 1997; Williamson and
Fitter, 1996). The probability of plants
becoming naturalized increases signifi-
cantly with the number of years the
plants were marketed (Pemberton and
Liu, 2009). Over 11 different species
and hybrids from the privet genus,
Ligustrum, are commercially available
in the United States, each with nu-
merous cultivars. Popularity is attrib-
uted to evergreen leaves, white-panicled
flowers, adaptability to a range of land-
scape conditions, tolerance to pruning,
resistance to disease, and wide avail-
ability (Dirr, 1998).

Chinese privet
This evergreen to semievergreen

shrub or small tree native to China

was introduced to the southern United
States as an ornamental in 1852. The
wild-type form (green) was noted as
naturalized as early as 1933 forming
dense thickets with seed dispersal by
birds. It has since been cultivated and
selected for variegation patterns, arch-
ing branch habit, and compact growth
(Dirr, 1998). As a popular landscape
plant, the total economic output im-
pact of chinese privet in commercial
production is estimated at $1.6 mil-
lion in Florida (Wirth et al., 2004).
Although the variegated cultivars pro-
duce significantly less fruit than the
wild type, they can revert to the green
form over time (Dirr, 1998; Langeland
et al., 2008).

Today, chinese privet has escaped
cultivation globally, with 16 countries
listing it as naturalized (U.S. Forest
Service, 2013). In the United States,
it has escaped in 20 states with a range
from Rhode Island south to Florida
and west to Texas [U.S. Department of
Agriculture (USDA), 2013]. In Flor-
ida, herbarium vouchers document
its escape in 22 counties (Wunderlin
and Hansen, 2008). Florida’s Exotic
Pest Plant Council (FLEPPC) desig-
nates chinese privet as a Category I
invasive, indicating it is altering plant
communities by displacing native
species, or changing ecosystem func-
tions (FLEPPC, 2011). The Univer-
sity of Florida (UF) Institute of Food
and Agricultural Sciences (IFAS) As-
sessment of Non-Native Plants in
Florida’s Natural Areas does not rec-
ommend chinese privet for use in
northern and central Florida, with
results concluding it is invasive (IFAS
Invasive Plant Working Group, 2013).
Because of the alarming widespread
threat of chinese privet, a number of
studies have investigated its control
(Brown and Pezeshki, 2000; Harrington
and Miller, 2005), range and rate of
potential expansion (Drake et al.,
2003; Merriam, 2003), tolerance to
different environmental conditions in-
cluding light, flooding, and carbon
dioxide (Brown and Pezeshki, 2000;

Units
To convert U.S. to SI,
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To convert SI to U.S.,
multiply by

29.5735 fl oz mL 0.0338
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28.3495 oz g 0.0353
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Smith et al., 2008; Swarbrick et al.,
1999; Zhang et al., 2002), competi-
tive advantage over natives (Green and
Blossey, 2012; Morris et al., 2002),
and seed bank survival and germina-
tion (Burrows and Kohen, 1986;
Panetta, 2000). Panetta (2000) reported
that its seed bank is relatively transient
and germination is not highly depen-
dent on the liberation of seeds from
their fruit.

Glossy privet
Glossy privet is an evergreen

small tree with larger leaves and larger
flower and fruit panicles than chinese
privet. It has not been cultivated as
extensively as chinese and japanese
privet, but known cultivars exist.
Glossy privet is often confused with
japanese privet but can be distin-
guished by its larger size, looser habit,
and translucent rim around the leaf
margins (Dirr, 1998). Introduced to
the United States from China, Korea,
and Japan in 1794, glossy privet has
since escaped cultivation in 10 states
with a range north to Maryland and
west to California (USDA, 2013). In
Florida, herbarium vouchers document
its escape in 11 counties (Wunderlin
and Hansen, 2008). The FLEPPC de-
signates glossy privet as Category I in-
vasive (FLEPPC, 2011). The UF-IFAS
Assessment of Non-Native Plants in
Florida’s Natural Areas cautiously
approves the use of glossy privet if
managed to prevent further escape
(IFAS Invasive Plant Working Group,
2013). Glossy privet is a serious envi-
ronmental weed in Australia (Panetta,
2000) and New Zealand (Miller and
Henzell, 2000).

Japanese privet
Introduced to the United States

from Japan and Korea in 1845, japa-
nese privet is a large evergreen shrub
with dense, dark green lustrous leaves
and an upright habit. It typically flowers
several weeks earlier than glossy privet
and is more cold hardy (Dirr, 1998).
Similar to chinese and glossy privet,
its panicled white flowers are followed
by prolific fruit in the fall that is spread
by birds. Since its introduction, japa-
nese privet has escaped cultivation in
11 southeastern states including Flor-
ida (USDA, 2013). In Florida, her-
barium vouchers document its escape
in only a single county (Wunderlin
and Hansen, 2008), and it is not listed
by FLEPPC as invasive (FLEPPC,

2011). The UF-IFAS Assessment of
Non-Native Plants in Florida’s Natu-
ral Areas concluded that japanese
privet is not a problem species and
can therefore be recommended for
planting. These results, however, were
footnoted to emphasize that there was
insufficient evidence to fully validate
the conclusion and that the status
should be reassessed in 10 years (IFAS
Invasive Plant Working Group, 2013).
Over 16 cultivars of japanese privet
have been selected for variegation,
cold hardiness, leaf structure, com-
paction, and growth habit.

The overall objective of this study
was to evaluate horticultural attributes
and fruiting of three privet wild-type
species and their cultivars planted in
northern Florida (Quincy, USDA
Plant Hardiness Zone 8b) and south-
ern Florida (Fort Pierce, USDA Plant
Hardiness Zone 9b) (USDA, 2012).
Specific objectives include: 1) assess-
ment of plant performance and growth
among cultivars; 2) determination of
fruiting, seed production, viability,
and germination among species; and
3) observational variegation stability.

Materials and methods
PLANT MATERIAL AND FIELD

CONDITIONS. Twelve chinese privet,
glossy privet, or japanese privet selec-
tions were selected for this study based
on availability and landscape industry
use (Table 1). Chinese privet, glossy
privet, and japanese privet were prop-
agated from seed and finished in 1-gal
containers at the Indian River Research
and Education Center (Fort Pierce,
FL). All cultivars were obtained as
finished 1-gal plants from commercial
nurseries (Table 1). Before planting,
beds (formed north to south) were
prepared by applying an herbicide
formulation (for existing vegetation
and nutsedge removal) and slightly
disking before covering with black
semipermeable landscape fabric. On
9 July 2008, nine uniform plants of
each selection were spaced 7 ft on
center under full sun conditions in
two locations: southern Florida (Fort
Pierce) and northern Florida (Quincy).
Plants were subirrigated by filling
canals (southern Florida) or drip irri-
gated (northern Florida) as needed
(generally three times per week in
spring and fall and one time per week
in summer). Plants were fertilized at
week 9, 36, and 60 with 0.9 oz of
15N–3.9P–10K controlled-release

fertilizer (Osmocote Plus; Scotts,
Marysville, OH) in the area 6–12
inches from the crown. Plants were
fertilized again at week 98 and 124
with an additional 2.2 and 3.0 oz of
fertilizer, respectively. Daily rainfall,
temperature, and relative humidity
were recorded by Florida Automated
Weather Network monitoring sta-
tions located at each site (Fig. 1). Soil
samples were collected from each site
(collected from various locations in
each plot) and analyzed by UF Ana-
lytical Service Laboratories, Gainesville,
FL. Field conditions for southern
Florida were as follows: Ankona sand
with 0.8% organic matter, pH 6.8,
average monthly rainfall 9.8 cm, mean
minimum and maximum tempera-
tures 9.0 and 32.2 �C, respectively,
and 79.1% relative humidity. Field
conditions for northern Florida were
as follows: Carnegie loamy fine sand
with 2.6% organic matter, pH 4.7,
average monthly rainfall 12.3 cm,
mean minimum and maximum tem-
peratures 4.6 and 30.7 �C, respec-
tively, and 78.3% relative humidity.

VISUAL QUALITY, FLOWERING,
AND PLANT GROWTH. Visual quality
(plant color and form) was assessed
every 12 weeks for each cultivar in-
dependently at each location. Assess-
ments of foliage color and form were
performed for each plant by one or
two consistent evaluators on a scale
from 1 to 5 where 1 = very poor quality,
not acceptable, severe leaf necrosis or
chlorosis, not marketable; 2 = poor
quality, not acceptable or marginally
acceptable, large areas of necrosis or
chlorosis, poor form; 3 = fair quality,
acceptable, somewhat desirable form
and color, little to no chlorosis or
necrosis; 4 = good quality, very ac-
ceptable and desirable color and form
without chlorosis; and 5 = excellent
quality, perfect condition, premium
color and form, very marketable.

Observations of flower initiation,
flowering period, and fruit formation
were recorded every 4 weeks. Before
fruit maturity, mesh bags were placed
over panicles to prevent predation or
fruit drop. Mature fruit was manually
collected and counted at the end of
each growing season at each location
in late January to early February (weeks
84 and 132). Growth data were
recorded for each plant at both sites
at the beginning and end of the ex-
periment. Growth indices were calcu-
lated as an average of the measured
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height (measured from crown to nat-
ural break in foliage) and two perpen-
dicular widths [(width1 + width2) O
2]. Growth index rates were calculated
by subtracting the initial growth index
from the final growth index.

S E E D G E R M I N A T I O N A N D

VIABILITY. Mature fruit were removed
from plants in mesh bags and depulped
by hand using a dehulling trough

(Hoffman Manufacturing, Albany,
OR). Immature seeds or seeds with
visible indication of pathogen or in-
sect damage were discarded. Cleaned
seeds were gravity air dried at 22 �C
for 48–72 h before analysis. In accor-
dance with the Tetrazolium Testing
Handbook, Contribution No.29 As-
sociation of Official Seed Analysts
rules (Peters, 2000), viability tests were

replicated twice on a subset of 100
seeds per species from fresh seed
collected in northern Florida. Seeds
were pretreated by allowing them to
imbibe by soaking in water overnight
for 18 h at room temperature. Seeds
were then cut longitudinally through
the endosperm and stained for 18 h at
30–35 �C in 1.0% tetrazolium solu-
tion with positive staining patterns
confirming seed viability (Mid-West
Seed Service, Brookings, SD). The
remaining seeds from the same pop-
ulations and collection times were
concurrently germinated under con-
trolled light and temperature condi-
tions at the Indian River Research and
Education seed biology laboratory.
Seeds were first treated with 0.6%
sodium hypochlorite for 5 min, rinsed
three times with deionized water, and
soaked overnight in aerated water.
Floating or abnormal seeds were dis-
carded. Individual treatments con-
sisted of four replications of 50 seeds
at four temperatures with and with-
out provision of light for 60 d. Seeds
were placed in 12.7 · 13.3 cm trans-
parent polystyrene germination boxes
(Hoffman Manufacturing) contain-
ing two sheets of germination paper
(Anchor Paper Co., St. Paul, MN)
moistened with 15 mL deionized wa-
ter. Germination boxes were placed
in temperature and light controlled
chambers equipped with cool-white
fluorescent lamps (model 818; Pre-
cision Scientific, Winchester, VA). Ger-
mination boxes were placed in 20/10,
25/15, 30/20, and 35/25 �C (day/
night). The 12-h photoperiod was
administered by providing 12-h light
at 20, 25, 30, or 35 �C photosynthetic
photon flux was 22–30 mmol�m–2�s–1

at shelf level) followed by 12-h dark at
10, 15, 20, or 25 �C, respectively. The
dark treatment was provided by wrap-
ping germination boxes with two
layers of heavy-duty aluminum foil.
There were insufficient seeds (from
the same population) available to ad-
minister the dark treatment for japanese
privet. Germination of seed receiving
the 12-h photoperiod was recorded
every other day for 60 d and an
additional 5 to 10 mL of deionized
water was added to germination boxes
as needed. A seed was considered
germinated when radicle emergence
was ‡2.0 mm. Seeds in the dark treat-
ment remained unopened throughout
the experiment. At the end of the
germination period, final germination

Fig. 1. Monthly average total rainfall, relative humidity, and average minimum
(min) and maximum (max) temperatures from planting date (July 2008) to last
evaluation date (Jan. 2011) for plants grown in northern Florida (Quincy ) and
southern Florida (Fort Pierce ); (1.8 · �C) D 32 = �F, 1 cm = 0.3937 inch.
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percentage (FGP) and days to 50% of
FGP (T50) was determined per ger-
mination box.

EXPERIMENTAL DESIGN AND

STATISTICAL ANALYSIS. The field ex-
periments were conducted similarly
in northern and southern Florida. A
randomized complete block experi-
mental design was used with 12 privet
selections placed in three-plant plots
replicated three times (blocks). Visual
quality was assessed every 12 weeks
on each plant at both sites. Growth
data were collected on each plant,
subjected to analysis of variance
(ANOVA) using SAS statistical soft-
ware (version 9.2 for Windows; SAS
Institute, Cary, NC), and significant
means separated by least significant
difference at P = 0.05. Percentage
data for the seed viability and germi-
nation studies were transformed by
square root arcsine before conducting
an ANOVA. For the germination
study, a split block experimental de-
sign was used with temperature as the
main block and species as the split-
plot. Transformed means were sepa-
rated by a Duncan’s multiple range
test (P = 0.05). Untransformed culti-
var means are presented in Table 2.

Results and discussion
Visual quality and growth varied

by cultivar and site (Fig. 2, Table 3).
In northern Florida, ‘Lake Tresca’
and ‘Rotundifolium’ japanese privet
had the lowest growth rate index,
whereas, glossy privet and chinese
privet had the greatest growth rate
index, as compared with other cultivars

(Table 3). In southern Florida, ‘Lake
Tresca’, ‘Rotundifolium’, and ‘Suwan-
nee River’ privet had similarly low
growth rates, whereas chinese privet
and glossy privet had the greatest
growth rates (Table 3). Regardless
of cultivar, monthly visual quality of
plants typically differed between sites
(Fig. 2); however, cumulative aver-
ages (weeks 0 to 132) were overall
similar (Table 3) with two exceptions.
In northern Florida, japanese privet
and ‘Lake Tresca’ japanese privet re-
ceived average visual quality ratings
(2.81 and 2.73, respectively) signifi-
cantly lower than the other cultivars.
In southern Florida, ‘Swift Creek’
chinese privet received the lowest av-
erage visual quality (2.32). ‘Davidson
Hardy’ japanese privet performed
similarly in northern and southern
Florida during the first year, but then
declined in southern Florida for the
remainder of the study (Fig. 2). Each
site experienced varying patterns of
rainfall and minimal and maximal
average temperatures, which likely influ-
enced growth, visual quality, and fruit
set (Fig. 1).

Flowering was typically observed
in May for all cultivars followed by
fruit initiation in June/July, with ma-
turity in January. After 132 weeks,
northern Florida plants produced over
600 times more fruit than southern
Florida plants (Table 4). Of interest to
note is that both variegated chinese
privet cultivars (Swift Creek and Var-
iegatum) fruited, but far less than the
green wild-type form. Fruiting of var-
iegated chinese privet cultivars also

occurred later than the green wild-
type form. As early as 72 weeks, the
variegated chinese privet already showed
some reversion to the invasive green
form. Although quantifying fruit pro-
duction on green reverted branches
compared with variegated branches
was not possible within the timeframe
of this study, fruit production on
green reverted branches of chinese
privet has been observed to be heavier
than on variegated branches of the
same plant (J. Aldrich, unpublished
data). The variegated japanese privet
cultivars did not show any reversion
during the 132-week study.

Pregermination viability performed
on a subsample of seeds showed sig-
nificant difference among species with
glossy privet having the greatest seed
viability (91.8%) followed by chinese
privet (81.0%), followed by japanese
privet (57.3%). Lower viability of
japanese privet could be associated
with the presence of ligustrum weevil
(Ochyromera ligustri). For germina-
tion, there was a significant interaction
between temperature and species. At
20/10, 25/15, and 30/10 �C with a
12-h photoperiod, germination was
not significantly different among spe-
cies (ranging between 51% and 78.5%).
At 35/25 �C, chinese privet had the
highest germination (72.5%) followed
by japanese privet (54%), followed by
glossy privet (2.0%) (P < 0.0001).
Seeds did not require light to germi-
nate; however, germination in the dark
was lower for glossy privet at 30/20
and 35/25 �C as compared with chi-
nese privet (Table 2).

Table 2. Germination percentage and number of days to 50% of final germination (T50) of seed collected from resident
populations of chinese privet, glossy privet, and japanese privet in northern Florida. Seeds were germinated with or without
light (12-h photoperiod) in germination boxes placed in growth chambers set at 20/10, 25/15, 30/20, and 35/25 �C for
60 d. A subset of the same seed population was concurrently (and destructively) tested for pregermination viability.

Cultivar/species

Germination—12-h light (%)z T50 (d)

Viability (%)

Temp (�C)y Temp (�C)

20/10 25/15 30/20 35/25 20/10 25/15 30/20 35/25

Chinese privet 78.5 ax 70.5 a 70.0 a 72.5 a 19.0 c 14.0 c 14.0 b 17.3 b 81.0 b
Glossy privet 75.5 a 70.5 a 51.0 a 2.0 c 23.0 b 21.3 a 34.0 a — 91.8 a
Japanese privet 68.0 a 71.0 a 61.0 a 54.0 b 27.3 a 17.8 b 18.3 b 29.5 a 57.3 c
Temp · species **w **

Germination—24-h dark (%)
Chinese privet 73.0 a 76.0 a 67.5 a 63.5 a
Glossy privet 80.5 a 72.5 a 39.5 b 0.5 b
Temp · species **
zMean separation was conducted by Duncan’s multiple range test on transformed means.
y(1.8 · �C) + 32 = �F.
xDifferent lowercase letters within columns are significantly different at P = 0.05.
wIndicates significant interaction between temperature and species.
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Fig. 2. Visual quality performance ratings of chinese privet, glossy privet, and japanese privet selections grown for 132 weeks in
northern Florida (Quincy ) and southern Florida (Fort Pierce ). Visual quality was rated 1 (very poor) to 5 (excellent).
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Efficient resource use, rapid
growth rates, and reproductive suc-
cess have all been associated with in-
vasiveness (Wilson et al., 2010). Early
and generous seed production, lack of
dormancy, germination over a wide
range of conditions, long-distance dis-
persal mechanisms, and long-lived
seed banks are often characteristics
of successful invaders (Pyšek and
Richardson, 2007). Panetta (2000)
studied the fates of fruits and seeds
of glossy privet and chinese privet
maintained under natural rainfall con-
ditions. They found that germination
of these species was not highly de-
pendent on the liberation of seeds
from the pericarp and that seed banks

are relatively transient, in that most
propagules survive for less than 12
months. Interestingly, soil moisture
levels influenced the success of ger-
mination when seeds were surface
sown or shallowly buried. This sug-
gests that frugivores may function
more as dispersers rather than as ger-
mination mediators and that prevent-
ing initial propagule pressure is critical
to land management.

In addition to the effect of rain-
fall, planting depth, and pericarp re-
moval on the spread of chinese privet,
light intensity is also a factor. Morris
et al. (2002) examined plants grow-
ing in sunny conditions along the
wooded edges of red cedar (Juniperus

virginia) glades and shade conditions
in the understory of a red cedar wood-
land complex in Tennessee. They
found that plants growing along the
wooded edges of cedar glades pro-
duced 3.75 times more fruit per
ramet than those growing in the un-
derstory woodland complex. This
study was conducted in full sun, field-
trial conditions that may be less typical
of a home landscape. Nevertheless,
temperature dramatically affected fruit
formation among the two Florida sites
(northern Florida has more chilling
hours throughout the winter), yet
seeds could germinate under a wide
range of diurnal conditions. In an earlier
experiment under constant tempera-
tures without light (5, 10, 15, 20, 25,
and 30 �C), Burrows and Kohen
(1983) reported greatest germination
of chinese privet occurred at 15, 20,
or 25 �C while greatest germination
of glossy privet occurred at 10 or 15 �C.
Although fruit production was signifi-
cantly less in the privet cultivars trialed,
Knight et al. (2011) argue that, re-
gardless of species, reducing fecundity
in new cultivars may be inadequate to
reduce population growth, unless it is
demonstrated that cultivars 1) do not
revert to ‘‘wild type’’ or more weedy
forms by reversion, 2) are true to type,
and 3) cannot hybridize with closely
related wild-type forms.

Advances in breeding technolo-
gies to introduce new and novel cul-
tivars have increased significantly during
the last decade (Drew et al., 2010).
Recent breeding initiatives have in-
cluded sterility for new cultivar releases
of wild-type species that have invasive
potential (Czarnecki et al., 2012; Freyre
et al., 2012; Knight et al., 2011; Ranney,
2004). Results from this research will
conceivably guide the horticulture
industry, research breeding efforts,
land managers and consumer aware-
ness for plant selection, population pre-
vention, and control.
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