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Campsis spp. Lour. (Bignoniaceae) are
commonly known as trumpet vines or trum-
petcreepers. The genus contains only two
species, C. radicans (L.) Seem. and C.
grandiflora K. Schum., and their interspecific
hybrid, C. ·tagliabuana (Vis.) Rehder (Huxley
et al., 1992). Campsis radicans is native
throughout eastern North America and is
often seen growing along fencerows, utility
lines, and embankments. It is an aggressive
woody vine (reaching up to 12 m) that
frequently sprouts from the base (Anderson,
1933; Uva et al., 1997). The showy trumpet-
shaped flowers form on current year’s growth
from mid-June through October. Flower
colors of different cultivars include yellow,
orange, and red. Campsis grandiflora is also
a rapid grower with larger and more open
funnel-shaped flowers than C. radicans,
which typically has apricot/orange flowers.
Campsis ·tagliabuana has intermediate char-
acteristics between the two parental species.
Although C. radicans is widely adaptable
with a long bloom period and showy display
of flowers, it can seed prolifically, grows
quickly, and is considered weedy in many
areas. The highly infertile, C. ·tagliabuana
‘Chastity’ was developed to minimize the

reseeding potential of Campsis while main-
taining the desirable landscape characteris-
tics. The average number of seedlings per
pollinated flower, an overall measure of
female fecundity, was reduced from 119.3
for C. radicans to only 0.008 for ‘Chastity’,
a reduction in fertility of 99.993%.

Origin

Campsis ‘Chastity’ was developed at the
Mountain Crop Improvement (MCI) Labora-
tory in 2005 resulting from a controlled cross
of C. ·tagliabuana ‘Kudian’ (PP13,139)
Indian Summer� (2n = 2x) · C. ·tagliabuana
H2000-034-001 (oryzalin-treated, open-
pollinated seedling from C. grandiflora
‘Morning Calm’, 2n = 4x). As a result of
the existence of a triploid block, seeds of
interploid Campsis crosses typically abort
before maturing (Ranney, personal observa-
tion). To circumvent this barrier, in vitro
embryo rescue techniques were used to de-
velop triploids. Embryo sacs were collected
6 weeks after pollination and cultured on
Shenck and Hilberandt (SH) (Schenk and
Hildebrandt, 1972) medium supplemented
with 20 g·L–1 sucrose. After 2 weeks, em-
bryos were transferred to a SH medium
supplemented with 20 g·L–1 sucrose and
1 mM gibberellic acid (GA). Germinated
embryos were then transferred to SH medium
supplemented with 20 g·L–1 sucrose and 4 mM
GA. After 1 month, a single surviving seedling
was transferred onto Murashige and Skoog
(Murashige and Skoog, 1962) medium sup-
plemented with 20 g·L–1 sucrose and trans-
planted ex vitro 6 weeks later.

Description

To evaluate fertility and morphological
characteristics, seven plants of ‘Chastity’; six
diploid C. radicans cultivars (Apricot,
Bahama Yellow, Flamenco, Judy, Jersey
Peach, and Tifton); two diploid cultivars
of C. ·tagliabuana (Kudian and Madam
Galen); and one diploid C. grandiflora
‘Morning Calm’ (one plant/cultivar with the
exception of ‘Chastity’) were grown in the
field in a completely randomized design at

the Mountain Horticultural Crops Research
Station, Mills River, NC.

Campsis ‘Chastity’ has a vigorous vining
growth habit. The flowers are tubular to fun-
nelform with adnate petals dividing into five
lobes at the distal end of the corolla in
reference to the petiole (Fig. 1). The exterior
of the corolla tube is orange [Royal Horticul-
tural Society (RHS) 26B] and the interior of
the corolla tube is yellow–orange (RHS 22B)
to red (RHS 46A) with red (RHS 46A)
striping (RHS, 2001). The corolla lobes are
orange (RHS 26B) to red (RHS 46A). The
mean length of the corolla of ‘Chastity’ was
53 mm, similar to C. grandiflora ‘Morning
Calm’ and C. ·tagliabuana ‘Kudian’, but
smaller than C. radicans ‘Flamenco’ (Table 1).
Corolla width was measured twice, once at
the proximal portion of the corolla closest
to the petiole (minimum corolla width) and
again at the distal portion of the corolla farthest
from the petiole (maximum corolla width).
The minimum corolla length of ‘Chastity’ was
10 mm, which was intermediate between
C. grandiflora ‘Morning Calm’ (17 mm) and
C. ·tagliabuana ‘Kudian’ and C. radicans
‘Flamenco’ (6 mm and 5 mm, respectively)
(Table 1). The maximum corolla width was
also intermediate between C. grandiflora
‘Morning Calm’ and C. ·tagliabuana ‘Kudian’,
although not significantly different from
C. radicans ‘Flamenco’ (Table 1).

Leaves of Campsis are odd pinnately com-
pound with nine to 13 leaflets. Each leaflet is
ovate with an attenuated apex and a coarsely
dentate margin. Leaf morphology was assessed
for a minimum of five fully expanded, mature
leaves from each variety. The mean leaf
length, leaf width, leaflet length, and leaflet
width of ‘Chastity’ were significantly larger
than all other varieties except for leaf width
and leaflet length of C. grandiflora ‘Morning
Calm’ that were similar to ‘Chastity’ (Table 1).
Induced polyploidy is known to cause enlarged
tissues in many crops (Ranney, 2006), and the
increase in leaf size of ‘Chastity’ could be
associated with the higher ploidy (2n = 3x).

Male and female fertility was significantly
reduced in ‘Chastity’ as assessed by pollen
staining, pollen germination, and controlled
crosses (Table 2). Pollen staining was per-
formed on fresh pollen from each accession.
Pollen was dusted onto a microscope slide,
stained with one drop of 1% acetocarmine
stain, covered with a coverslip, and incubated
at room temperature for a minimum of
90 min. Pink to red well-formed pollen grains
were scored as stained. Campsis ‘Chastity’
had 41.6% stained pollen compared with
99.9% for pooled C. radicans (Table 2).
Pollen germination was performed using a
hanging drop method. Fresh pollen from at
least three individual flowers of each accession
was placed into a sterile 60 mm · 15-mm
polystyrene petri dish. Approximately 500 mL
of liquid Brewbaker and Kwack medium
(Brewbaker and Kwack, 1963) supplemented
with 10 g·L–1 sucrose was added to the pollen
and mixed by gently pipetting to form a ho-
mogenous solution. To prepare the slides for
a hanging drop, the broad end of a pasteur

Received for publication 26 Sept. 2013. Accepted
for publication 20 Nov. 2013.
This research was funded in part by the North
Carolina Agricultural Research Service (NCARS),
Raleigh, NC, and the U.S. Department of Agricul-
ture Agricultural Research Service, Floriculture
and Nursery Research Initiative, Beltsville, MD.
Use of trade names in this publication does not
imply endorsement by the NCARS of products
named nor criticism of similar ones not mentioned.
Technical assistance of Joel Mowrey, Nathan
Lynch, Tom Eaker, and Jeremy Smith is gratefully
appreciated.
This research is from a MS thesis by the senior
author.
1Graduate Research Assistant.
2Professor.
3Research Associate.
4Research Assistant.
5To whom reprint requests should be addressed;
e-mail kmo@waltersgardens.com.

HORTSCIENCE VOL. 49(3) MARCH 2014 343

CULTIVAR AND GERMPLASM RELEASES



pipette was pressed into white petroleum USP
(petroleum jelly) and then applied to a clean
microscope slide to form a liberal ring of
petroleum jelly. Approximately 36 mg (two
drops) of the pollen solution was placed in the
center of the petroleum jelly ring. The slide
was then inverted and placed in a humidity
chamber at room temperature. After an �6-h
incubation time, hanging drop slides were
removed from the humidity chamber. The

ring of petroleum jelly was carefully re-
moved, a glass coverslip was applied, and
pollen was scored for germination under
150· magnification. Only grains with a pollen
tube greater than or equal to the diameter of
the pollen grain were scored as germinated.
Campsis ‘Chastity’ had only 1% germina-
tion, whereas C. radicans cultivars had a
mean 75.9% germination (Table 2). Male
fertility was also assessed by performing

controlled crosses on eight to 24 flowers on
each of the diploid Campsis radicans culti-
vars with pollen from either ‘Chastity’ or
bulked pollen from diploid cultivars. Fruit set
with pollen from ‘Chastity’ was 0% compared
with 65% for pollen from diploid cultivars
(Table 2).

To assess female fertility, controlled
crosses were performed on 23 to 55 flowers
on each of the C. radicans cultivars and
‘Chastity’. Pollen from diploid taxa was
collected, combined, and used that day for
hand pollinations. The percentage of fruit set
per pollinated flowers, mean number of seeds
per fruit, and germination percentage were
recorded. Germination was determined after
30 d of cold stratification at 6 �C. Campsis
‘Chastity’ had a fruit set of 1.6%, which was
significantly lower than 65.1% of C. radicans
(Table 2). The mean number of seeds per fruit
was also significantly reduced from 467 in
C. radicans to 101 in ‘Chastity’ (Table 2). Seed
germination was reduced from 44.1% for C.
radicans to 0.6% for ‘Chastity’ (Table 2). The
average number of seedlings per pollinated
flower, an overall measure of female fecundity,
was reduced from 119.3 for C. radicans to only
0.008 for ‘Chastity’. This represents an overall
reduction in fertility of 99.993% compared
with C. radicans.

To confirm ploidy of ‘Chastity’, flow
cytometry and cytology of root tip cells were
performed. Pisium sativum ‘Citrad’, with
a known DNA content of 2C = 8.75 pg, was
used as an internal standard (Greilhuber et al.,
2007). Approximately 2 mm2 of young leaf
tissue or petal tissue from the sample and leaf
tissue from the standard were finely chopped
with a razor blade in a petri dish containing
400 mL of extraction buffer (CyStain ultravi-
olet Precise P; Partec, M€unster, Germany).
The suspension was filtered through a 50-mm
nylon mesh screen to remove plant debris.
Nuclei were stained using 1.6 mL staining buffer
containing 4#, 6-diamidino-2-phenylindole
(CyStain ultraviolet Precise P; Partec). Stained
nuclei were analyzed with a flow cytometer
(Partec PA-I Ploidy Analyzer; Partec) to de-
termine relative genome size. Ploidy level was
determined by comparing the relative genome
size of ‘Chastity’ with that of C. ·tagliabuana
‘Madame Galen’. Campsis ‘Chastity’ had a
relative genome size of 1.74 ± 0.01 pg, which
is �1.5 times that of ‘Madame Galen’ with
a relative genome size of 1.20 ± 0.00 pg.
Cytology of root tip tissue was performed
as means to further verify ploidy level.
Root tips from rooted cuttings of ‘Chastity’
and ‘Madame Galen’ were collected at
0900 HR and placed into a mitotic inhibitor
(2 mM 8-hydroxyquinoline + 70 mg·L–1

cyclohexamide) and maintained at room tem-
perature under dark conditions. After 3 h, the
root tips remained in the dark and in this
solution and were placed into cold incubation
at �5 �C for 3 additional hours. Roots were
then rinsed three times with cold distilled
water, patted dry, and placed into a three-part
95% ethanol:one-part propionic acid solu-
tion. Roots were incubated at room temper-
ature in this solution for �16 h. After this

Fig. 1. Flowers of Campis ·tagliabuana ‘Chastity’.

Fig. 2. Photomicrograph of root tip cell of select Campsis. (A) C. ·tagliabuana ‘Madame Galen’, 2n = 2 x =
40; (B) C. ‘Chastity’, 2n = 3x = 60.

Table 1. Comparison of flowers and leaves of selected Campsis cultivars.

Cultivar

C. ·tagliabuana
Chastity

C. grandiflora
Morning Calm

C. ·tagliabuana
Kudian

C. radicans
Flamenco

Minimum corolla width (mm) 10 ± 0.41 bz 17 ± 0.99 a 6 ± 0.23 c 5 ± 0.18 c
Maximum corolla width (mm) 47 ± 2.35 b 84 ± 4.92 a 35 ± 0.84 c 44 ± 1.87 bc
Leaf length (mm) 396 ± 19.98 a 319 ± 18.56 b 309 ± 21.02 bc 262 ± 8.08 c
Leaf width (mm) 159 ± 13.90 a 143 ± 6.26 ab 127 ± 6.08 b 162 ± 9.01 a
Leaflet length (mm) 88 ± 7.10 a 82 ± 3.05 ab 70 ± 3.18 c 72 ± 4.37 bc
Leaflet width (mm) 49 ± 3.97 a 40 ± 1.84 b 37 ± 2.36 bc 32 ± 2.41 c
Corolla length (mm) 53 ± 1.15 b 50 ± 1.82 b 50 ± 1.89 b 62 ± 1.20 a
zMean ± SEM; all measurements are in mm. Means followed by the same letter in the same row are not
significantly different (Fisher’s least significant difference test, P # 0.01).
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incubation period, root tips were rinsed three
times with 70% ethanol and placed in a glass
vial containing 70% ethanol as a storage
solution and maintained �5 �C until ready
for use. Root tips were then placed into 4 mL
of hydrolyzing solution consisting of three parts
95% ethanol:one part 12 N HCl for�2 min and
then were transferred to a modified carbol
fuchsin stain (Kao, 1975) for at least 5 min
and not more than 30 min. The root tip was
excised and moved to a clean microscope
slide and covered with one drop of modified
carbol fuchsin. The coverslip was used to
gently squash the root tissue. Chromosomes
were then viewed under oil immersion at
1500· magnification. Campsis ‘Chastity’ had
�60 and ‘Madame Galen’ had �40 chromo-
somes (Fig. 2), further confirming that ‘Chas-
tity’ is a triploid. Previous studies (Bowden,
1945) reported diploid ‘Madame Galen’ to
have a chromosome number of 2n = 2x = 40.

Reduction in fertility can reduce the poten-
tial for landscape plants to escape cultivation
and become weedy or invasive. Propagule
pressure, including production of viable seeds,
is an important aspect of invasion potential
and has a consistent positive association with
the establishment of self-sustaining popula-
tions (Colautti et al., 2006). Reducing fertility
by decreasing pollen viability, fruit set, seed

set, and seed germination mitigates fecundity,
propagule pressure, and invasion potential
(Anderson et al., 2006). The ability for ‘Chas-
tity’ to spread vegetatively by root sprouts
may still allow for local spread; however, its
reproductive potential is vastly reduced with
a 99.993% reduction in overall female fertil-
ity compared with C. radicans and no detec-
tible male fertility based on pollination results.
Furthermore, the only single seedling that
germinated from ‘Chastity’ (after pollination
of 127 flowers representing�59,300 potential
fertilization events based on an average 467
potential seeds per flower) had an abnormal
dwarf phenotype and was never observed to
flower. This represents a significant reduction
in fertility that would greatly reduce the poten-
tial for these plants to reseed and naturalize.

Campsis ‘Chastity’ is a triploid cultivar
with highly reduced male and female fertil-
ity. This new trumpet vine has attractive
ornamental features including showy or-
ange–red blossoms and can be propagated
from soft wood cuttings. Rooted cuttings of
‘Chastity’ flowered the next year.

Availability

Plants of ‘Chastity’ have been distributed
to commercial nurseries. Propagation mate-

rial may also be available from the MCI
Laboratory on request.

Literature Cited

Anderson, E. 1933. Trumpet creepers. Arnold
Arboretum of Harvard Univ. Popular Info.
Bul. 4:1–5.

Anderson, N.O., N. Gomez, and S.M. Galatowitsch.
2006. A non-invasive crop ideotype to re-
duce invasive potential. Euphytica 148:185–
202.

Bowden, W.M. 1945. A list of chromosome num-
bers in higher plants. I. Acanthaceae to Myrta-
ceae. Amer. J. Bot. 32:81–92.

Brewbaker, J.L. and B.H. Kwack. 1963. The
essential role of calcium ion in pollen germi-
nation and pollen tube growth. Amer. J. Bot.
50:859–865.

Colautti, R.I., I.A. Grigorovich, and H.J. MacIsaac.
2006. Propagule pressure: A null model for
biological invasions. Biol. Invasions 8:1023–
1037.

Greilhuber, J., E.M. Temsch, and J.C.M. Loureiro.
2007. Nuclear DNA content measurement,
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Table 2. Male and female fertility of Campsis ·tagliabuana ‘Chastity’ compared with C. radicans.

Trait C. ·tagliabuana Chastity C. radicans

Male fertility
Pollen staining (%) 41.6 ± 0.02 a 99.9 ± 0.00 b
Pollen germination (%) 1.0 ± 0.01 az 75.9 ± 0.04 b
Fruit set with ‘Chastity’ pollen (%) NA 0.0 ± 0.0

Female fertility
Fruit set with diploid pollen (%) 1.6 ± 1.0 a 65.1 ± 6.6 b
Average number of seeds per fruit 101 ± 9 a 467 ± 60 b
Germination (%) 0.55 ± 0.55 a 44.06 ± 5.90 b
Average number of seedlings per
pollinated flowery

0.008 ± 0.008 a 119.30 ± 25.76 b

zMean ± SEM. Means followed by the same letter in the same row are not significantly different (Fisher’s
least significant difference test, P # 0.05).
yCalculated as [fruit set with diploid pollen (%) · average number of seeds per fruit · germination
(%)]/10,000 for each plant.
NA = not applicable.
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