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P R O PAGAT I O N  P R OTO CO L

A BST R ACT

New Jersey tea (Ceanothus americanus L. [Rhamnaceae]), sand cherry (Prunus pumila 
L. [Rosaceae]), and sweetbells (Eubotrys racemosa L. [Ericaceae]) are eastern US native 
shrubs with high potential for expanded landscape use because of their numerous or-
namental attributes and adaptability. Micropropagation protocols were developed for 
these species that produce acceptable shoot multiplication rates, 100% microcutting 
rooting, and high-quality liner plants. New Jersey tea is not easily produced from seed 
or stem cuttings for commercial purposes, but we have demonstrated that micropropa-
gation is a viable method for commercial propagation. In addition, micropropagation 
can be effectively used to rapidly propagate new superior genotypes of sand cherry and 
sweetbells.
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sand cherry (Prunus pumila), and sweetbells (Eubotrys racemosa). Native Plants Journal 22(3):355–
363.

K EY  WO R DS
tissue culture, native shrubs, landscape plants, micropropagation, Rhamnaceae, 
Rosaceae, Ericaceae

N O M E N C L AT U R E
USDA NRCS (2020)

Photos by Jessica Lubell-Brand and Mark Brand

This open access article is distributed under the terms of the CC-BY-NC-ND license (http://creative 
commons.org/licenses/by-nc-nd/4.0) and is freely available online at: http://npj.uwpress.org

Micropropagation of New Jersey 
tea (Ceanothus americanus), sand 
cherry (Prunus pumila), and 
sweetbells (Eubotrys racemosa)
Jessica D Lubell-Brand and Mark H Brand

by
 g

ue
st

 o
n 

M
ay

 2
2,

 2
02

3.
 C

op
yr

ig
ht

 2
02

2
D

ow
nl

oa
de

d 
fr

om
 



NATIVEPLANTS | 22 | 3 | FALL 2021 MICROPROPAGATION OF 3 NATIVE SHRUBS

356

New Jersey tea (Ceanothus americanus L. [Rhamna-
ceae]), sand cherry (Prunus pumila L. [Rosaceae]), 
and sweetbells (Eubotrys racemosa L. [Ericaceae]) 

are eastern US native shrubs with ornamental attributes (Dirr 
2011). These plants are adaptable to challenging landscape 
sites that feature dry infertile soil, full sun exposure, and pe-
destrian pressure (Hightshoe 1988; Shrestha and Lubell 2015). 
Despite their ornamental appeal and landscape adaptability, 
the nursery industry and landscaping public have not taken 
advantage of these species. They are poised to become more 
frequently grown and used with increased interest in native 
landscaping.

Approximately 50 species occur within the genus Ceano-
thus, but almost all are found in the western half of the US; 
only C. americanus is found along the East Coast (Dirr 2011). 
The native range of New Jersey tea extends from Quebec to 
Minnesota and south to Texas and Florida. New Jersey tea is 
often found in dry, open woods, woodland edges, pine bar-
rens and in difficult locations characterized by sandy or rocky 

soils such as banks along roadways (Hightshoe 1988). Plants 
fix nitrogen through root nodule associations with bacteria 
from the genus Frankia spp. [Frankiaceae] (Lechevalier and 
Ruan 1984). New Jersey tea is an important food plant for na-
tive insects; for example, the larvae of many butterflies feed 
on foliage of plants (Wagner 2005). Further, several species of 
Lepi doptera, some of which are endangered in the northeast-
ern US, feed only on New Jersey tea. New Jersey tea leaves can 
be used to make tea as the name suggests (Dwelley 1980).

New Jersey tea is a compact, deciduous shrub that reaches 
1 m (3.3 ft) tall (Graves 1952). Its slender, upright stems pro-
duce dense, broad mounds (Figure 1). Plants are most known 
and recognized by their 3 to 5 cm (1.2–2.0 in) long spiked 
inflorescences, which are composed of small, white, fragrant 
flowers (Dwelley 1980). Inflorescences are produced on long 
stalks that originate from the leaf axils at distal ends of shoots. 
Flowering occurs in mid-June to July (Keeler 1903). The sim-
ple, alternate leaves are 5 to 8 cm (2.0–3.1 in) long and nar-
rowly oval with pointed tips. Leaves are dark green in color 

Figure 1. Summer inflorescences and low, mounded habit of New Jersey tea (Ceanothus americanus L. [Rhamnaceae]).
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(Dirr 2011). Fruit capsules are 3-lobed and are initially red but 
turn black when ripe. New Jersey tea performs best in full sun, 
but will handle light shade. Well-drained soils are a require-
ment for New Jersey tea, with established plants tolerating 
dry soils. It is a good candidate for sites that have sandy, in-
fertile soils that are excessively well-drained; wet areas should 
be avoided. New Jersey tea can be used in mass plantings on 
sunny slopes or to stabilize a bank. It is a suitable foundation 
plant because of its compact size and adaptability to inhos-
pitable conditions. New Jersey tea is an excellent shrub for 
butterfly gardens. Spring planting into the landscape is rec-
ommended for container-grown plants. Plants established in 
the garden may be pruned for shape at the end of winter dor-
mancy.

Prunus pumila is a complex of closely related subspecies 
(Rohrer 2000). Depending on the subspecies, the plant can 
range from a decumbent or prostrate shrub to an upright, 
rounded, small shrub. Plants will vary in size from 15 cm to 
1 m (5.9 in to 3.2 ft) tall (Dwelley 1980), again depending on 
the subspecies. The native range is eastern Canada and north-

eastern US (Bragg 2002). Sand cherry is present in all 6 New 
England states. It naturally grows in a variety of challenging 
environments including riverbanks, river gravel bars, coastal 
beaches, meadows and fields, dry ridges or ledges, and sand 
plains and barrens. Occasionally, it is found growing on sandy 
roadsides. Plants provide fruit and habitat for birds and small 
animals as well as nectar and foliage for insects.

Plants produce copious amounts of 5-petal, white flow-
ers in early spring (April to May) as the foliage emerges (Fig-
ure 2). The alternate, simple leaves are 2.5 to 8 cm (1.0–3.1 in) 
long and 1 to 2 cm (0.39–0.79 in) wide. Emerging new leaves 
initially have an orange tint and mature to lime green with sil-
ver undersides; they turn orange red in fall (Dirr 2011). Plants 
produce small, black fruits, typical of other wild cherry spe-
cies.

Sand cherry is widely adaptable to full sun sites and will 
tolerate dry conditions as well as seasonal flooding. The low-
growing forms are excellent as a ground cover for difficult 
sites with full sun or for use at the front edge of the shrub bor-
der (Shrestha and Lubell 2015). They also work well in rock 
gardens, on sunny slopes for bank stabilization, and above 
retaining walls where shoots will cascade over the wall edge. 
Upright growing forms work well in any sunny landscape 
situation requiring a small to medium shrub. Spring-planted 
trade #1- or 2-sized container plants become established af-
ter one growing season. Established plants are low mainte-
nance and require only occasional removal of old or damaged 
shoots. Plants may be trimmed to manage plant size.

Sweetbells is a member of the Ericaceae family, which in-
cludes many popular garden shrub genera such as Rhododen-
dron, Pieris, Kalmia and Vaccinium (Keeler 1903). The native 
range begins in southern Massachusetts and extends south 
along the Atlantic Coast to Florida and then west to Loui-
siana. It tends to be most abundant in locations close to the 
coast, and it is found along swamp margins, on hummocks, 
and in low, sandy woods. As early as the start of the 20th 
century, sweetbells were recognized by prestigious establish-
ments, such as the Arnold Arboretum, for its beauty as a gar-
den plant, but it has never advanced to garden prominence. 
Certainly, the same characteristics that were attractive almost 
a century ago still exist in this plant. There seems to be con-
siderable variation within the species, with some plants pro-
ducing wider, more attractive broad leaves, some plants pro-
ducing a heavier flower set, and others maintaining a dense, 
compact habit. Selections of sweetbells genotypes from the 
northern portions of its natural range would allow for ex-
panded use of this native across colder parts of the US. There-
fore, opportunities exist to make selections with superior 
traits for landscape use.

Similar in shape and branching to highbush blueberry 
(Vaccinium corymbosum L. [Ericaceae]), Sweetbells is smaller 
in stature (1–2 m [3.3–6.6 ft] tall at maturity) and produces Figure 2. Copious flowers on sand cherry (Prunus pumila L. [Rosaceae]).
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capsule fruits instead of the fleshy blue fruits of highbush 
blueberry (Dirr 2011). The alternate, simple leaves are 2 to 
8 cm (0.79–3.1 in) long, oval with a pointed tip, and have a 
short petiole. New foliage is glossy and emerges with a reddish 
cast before turning green in summer and then a spectacular 
scarlet red in fall (Keeler 1903). Some winter interest is de-
rived from the red twig color of new shoots and rose-tinged, 
naked flower buds. Flowers open in May and are held in 5 
to 10 cm (2.0–3.9 in) long, one-sided terminal racemes (Fig-
ure  3). Small, white, urn-shaped flowers resemble highbush 
blueberry or those of drooping leucothoe (Leucothoe fonta-
nesiana (Steud.) Sleumer [Ericaceae]). Flowers give off a light 
fragrance that can be detected when close to a sweetbells plant 
(Graves 1952). The capsule fruit is 5-sectioned and contains 
many tiny yellow seeds.

Sweetbells is a plant to consider as a replacement for inva-
sive burning bush, because of its excellent red fall color (Fig-
ure 4). Furthermore, sweetbells is fairly adaptable to a range 
of landscape settings and exhibits high deer browse resistance 

(Shrestha and Lubell 2015). Uses include as a foundation 
plant, screen, in groups, or repeated in a landscape. Plants 
perform well in full sun to part shade and well-drained soils, 
but they will tolerate dry situations once established, as well 
as transiently wet locations (Dirr 2011). Spring-planted trade 
#1- or 2-sized container plants will establish after one grow-
ing season. Supplemental watering for several weeks following 
planting is important for good establishment, especially in dry 
landscape situations.

C U R R E NT  STAT E  O F  P R O PAGAT I O N

New Jersey tea is difficult to propagate from both seed and 
stem cuttings (Stewart and McGary 2010; Cartabiano and 
Lubell 2013). A maximum germination rate of 48% was 
achieved by exposing seeds for 2 min to boiling water fol-
lowed by 60 d of cold-moist stratification at 4  °C (39.2  °F) 
(Stewart and McGary 2010). Stem cutting success of 50% 
rooting can be achieved when cuttings are taken in June and 
treated with 3000 or 8000 ppm IBA (Cartabiano and Lubell 
2013). Current reported propagation methods for New Jer-
sey tea fail to meet the 80% success rate required for large-
scale commercial nursery production (Cartabiano and Lubell 

Figure 3. Urn-shaped flowers of sweetbells (Eubotrys racemosa L. [Eri-
caceae]).

Figure 4. Scarlet red fall foliage color on sweetbells.
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2013). Stem cutting success of greater than 90% is possible for 
sand cherry and sweetbells when cuttings are taken in June to 
July and treated with 1000 to 3000 ppm indole-3-butyric acid 
(IBA) (Lubell 2013; Lubell and Gardner 2017). Propagation 
by seed poses a greater challenge for sand cherry and sweet-
bells, because sand cherries do not consistently produce large 
fruit crops, and sweetbells have tiny-sized seeds and seedlings, 
which require enhanced management during cultivation.

Plants produced by micropropagation often demonstrate 
improved branching structure, enhanced vigor, faster growth, 
and are disease free compared to plants produced from tradi-
tional stem cuttings (Hartmann and others 2010). As new, de-
sirable selections of sand cherry and sweetbells are identified, 
there will be a need to vegetatively propagate these selections 
using micropropagation in order to produce enough plants 
to meet demand for a new plant. For New Jersey tea, micro-
propagation may be the only way to bring this plant to market 
in sufficient numbers. Therefore, the objective of this research 
was to develop micropropagation systems for New Jersey tea, 
sand cherry, and sweetbells.

M AT E R I A LS  A N D  M ETH O DS

To initiate shoots in vitro, softwood stems were collected in 
spring from container-grown plants maintained at the Uni-
versity of Connecticut Floriculture Greenhouses in Storrs, 
Connecticut. After the leaves were removed, 2 to 3 cm (0.79–
1.2  in) long stem segments with nodes were disinfected by 
immersion in a solution of 0.54% (w/v) sodium hypochlorite 
for 15 min with intermittent agitation, followed by 3 rinses 
in sterile distilled water. Stem segments were then aseptically 
trimmed to remove damaged tissue and cultured in 140 ml 
(4.7 oz) glass baby food jars containing 30 ml (1.0 oz) of me-
dium. New Jersey tea and sweetbells were initially cultured in 
woody plant (WP) medium (Lloyd and McCown 1980) with 
2 mg/l zeatin ([ZT] before autoclaving), 0.8% (w/v) agar (Mil-
liporeSigma, St Louis, Missouri), 3% (w/v) sucrose, and pH 
5.2. Based on observations of shoot performance, the medium 
was supplemented with iron in the form of Sequestrene 330 
at 50 mg/l, and the concentration of zeatin was increased to 
4 mg/l. Sand cherry was initially cultured on Murashige and 
Skoog (MS) medium with vitamins (Murashige and Skoog 
1962) with 1 mg/l benzyladenine (BA), 0.8% (w/v) agar (Mil-
liporeSigma), 3% (w/v) sucrose, and pH 5.7. Cultures were 
maintained at 25 °C (77 °F) and 16 h photoperiod provided by 
cool-white fluorescent lamps at an intensity of 40 µmol/m/s.

In vitro multiplied shoots for all 3 species were cut into 
approximately 2 cm (0.79 in) long microcuttings, dipped in 
talc-based IBA rooting hormone at 1000 ppm (Hormodin 
#1 [OHP Inc, Bluffton, South Carolina]), and stuck vertically 
in 600 ml (20 oz) clear plastic salad trays with lids contain-
ing 200 ml (0.07 oz) of medium composed of 1 part Canadian 

sphagnum peat moss (Fafard Inc, Agawam, Massachusetts) 
and 1 part horticultural grade vermiculite (Whittmore Com-
pany, Lawrence, Massachusetts). Trays were maintained at 
22.2  °C (72 °F) under long days (16 h) with cool-white fluo-
rescent light at 30 μmol m-2s-1. Microcuttings rooted in 4 wk 
and initiated new shoot growth. Rooted microcuttings were 
acclimated to greenhouse conditions by gradually decreas-
ing atmospheric relative humidity around the microcuttings 
and gradually increasing light levels. This process was ac-
complished by melting 6 holes (0.5 cm [0.20 in]) in the salad 
tray lids, and then 1 wk later, melting 6 more holes into the 
lids. After 7 d with 12 holes in the lid, rooted microcuttings 
were potted to 96-plug trays, which were covered with clear 
plastic domes to maintain humidity. Covered plug trays were 
placed in the greenhouse at 21.1 °C (70 °F) under 70% shade 
for 2 wk. Soon after, and during a period of cloudy weather, 
domes were removed and microcuttings were exposed to full-
light greenhouse conditions. After 6 wk in 96-plug trays, liner 
plants were potted into 106 ml (3.5 oz) square pots filled with 
medium composed of 4 parts aged pine bark (Fafard Inc), 2 
parts Canadian sphagnum peat moss (Fafard Inc), and 1 part 
sand (particles 0.05–2 mm diameter, by volume). During the 
first growing season, plants were provided weekly with 200 
ppm soluble 20N:8.74P:16.6K fertilizer (Peters 20-20-20 Fer-
tilizer; ICL-SF, Summerville, South Carolina).

R E S U LTS  A N D  D I SC U SS I O N

In vitro shoots of New Jersey tea were initiated on WP me-
dium (Figure 5A), as opposed to MS medium, because we 
thought this plant would prefer the lower salt formulation of 
WP, since it is frequently found growing on infertile soils. Cul-
tures established well on WP medium containing 2 mg/l ZT; 
however, multiplication and shoot growth rates were slow. 
We evaluated shoot growth on WP medium containing either 
4 mg/l ZT or 2 mg/l BA in an attempt to improve culture per-
formance. We observed that doubling the ZT increased shoot 
growth and shoot multiplication rate the most. Supplementa-
tion of WP medium with 50 mg/l iron in the form of Seques-
trene 330 eliminated interveinal chlorosis of in vitro shoots. 
Shoots growing on our optimized medium (Table 1; Figure 
5B) can be expected to multiply at a rate of 2× when shoots 
are subcultured every 21  d. In vitro shoot growth will slow 
down and fail if shoots are subcultured beyond the 21-d cy-
cle. After approximately 6 mo in culture, growth had slowed, 
and they demonstrated reduced vigor. We found that in vitro 
shoot growth and vigor could be restored by providing cul-
tures with 3 mo of chilling at 3.5 to 4.5 °C (38–40 °F).

In vitro shoots of sand cherry initiated on MS medium 
containing BA multiplied and grew vigorously. This find-
ing was not surprising to us, since many rosaceous plants 
perform well in vitro and are routinely micropropagated for 
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the  nursery trade using MS medium supplemented with BA 
(Hartmann and others 2010). We found that lowering the 
concentration of BA in the medium from 1 mg/l to 0.5 mg/l 

allowed for better shoot expansion and leaf lamina develop-
ment. The higher initial level of BA was useful during culture 
initiation, but eventually stimulated excessive multiplication 

Figure 5. Micropropagation of New Jersey tea: recently initiated shoots (A); proliferating shoots (B); rooted and acclimated microcuttings ready 
for transfer to the greenhouse (C); rooted microcuttings exhibiting a well-developed, coarse, white root system (D); fully acclimated growing 
plantlets from a 96-plug tray in the greenhouse ready for up-potting and transfer to outdoor conditions (E); high-quality liner plants in 106-ml 
pots (F).

TABLE 1

Micropropagation medium, shoot multiplication rate, and subculture frequency for in vitro cultures of New Jersey tea, sand 
cherry, and sweetbells.

Species Medium typez Hormoney Sequestrene 330 pH Shoot multiplication rate Subculture frequency (d)

New Jersey tea WP 4 mg/l ZT 50 mg/l 5.2 2× 21

Sand cherry MS 0.5 mg/l BA — 5.7 8× 28–35

Sweetbells WP 4 mg/l ZT 50 mg/l 5.2 3× 35–42
z Medium type abbreviations: Woody plant (WP), Murashige and Skoog with vitamins (MS).
y Hormone abbreviations: zeatin (ZT), benzyladenine (BA).
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of shoots, which were shorter than desirable and exhibited 
poor leaf lamina development. In vitro shoots of sand cherry 
multiply at a high rate of at least 8× and shoots can be main-
tained for 28 to 35 d before subculturing without negatively 
impacting subsequent culture growth (Table 1; Figure 6A).

Cultures of sweetbells were initiated on WP medium in-
stead of MS medium, because this plant belongs to the Eri-
caceae family and most ericaceous plants grown in vitro per-
form better on culture medium with lower inorganic nutrient 
content salts than on MS medium (Hartmann and others 
2010). Shoots grew well on WP medium with 2 mg/l ZT; how-
ever, growth and multiplication rates were improved when 
the amount of ZT was increased to 4 mg/l. Supplementation 
of the medium with 50 mg/l Sequestrene improved the foliage 
color appearance from uneven, pale green to uniform, me-
dium to dark green. A 3× multiplication rate can be expected 
for sweetbells growing on our optimized medium when 
shoots are subcultured every 35 to 42 d (Table 1; Figure 7A).

For all 3 species, microcuttings were easily rooted ex vitro 
in salad trays (100% rooting), and rooting can be expected in 
3 to 4 wk (Figures 5C, 6B, 6C, 7B, 7C). New Jersey tea pro-
duced moderately thick, coarse white roots (Figure 5D). Sand 
cherry roots were white with a pink tinge and were fairly 
large, but not as large as New Jersey tea. Sweetbells produced 
a fine root system typical of those seen on ericaceous plants 
such as blueberry or rhododendron (Figure 7D). Acclimation 
of rooted microcuttings to greenhouse conditions was easily 
accomplished using the 2-wk venting process described pre-
viously. New shoot growth began rapidly for all species after 
potting rooted microcuttings in 50-cell plug trays and apply-
ing fertilizer. Rooted microcuttings were acclimated into the 
greenhouse in early spring. This timing is important to pro-
vide the young micropropagated plantlets a long photoperiod, 
strong irradiance, and warm temperatures. Plantlets accli-
mated in fall or winter would be more challenging to grow out 
strongly and would likely enter summer dormancy.

Figure 6. Micropropagation of sand cherry: proliferating in vitro shoots (A); microcuttings at time of sticking (B); rooted and acclimated microcut-
tings ready for transfer to the greenhouse (C); high-quality liner plants in 307-ml pots (D).
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The tissue culture protocol described here for New Jersey 
tea represents a significant improvement in propagation for 
this species. Micropropagated shoots rooted at 100% suc-
cess, which is twice the rate that can be expected from tradi-
tional stem cuttings (Cartabiano and Lubell 2013). While sand 

cherry and sweetbells may be propagated using traditional 
softwood stem cuttings, the micropropagation protocol we de-
veloped will be useful for growers looking to rapidly produce 
large numbers of disease-free plants of improved horticultural 
selections.

Figure 7. Micropropagation of sweetbells: proliferating shoots (A); microcuttings at time of sticking (B); rooted and acclimated microcuttings 
ready for transfer to the greenhouse (C); rooted microcuttings exhibiting a fine root system (D); fully acclimated plantlets from a 96-plug tray in 
the greenhouse ready for up-potting and transfer to outdoor conditions (E); high-quality liner plants in 106-ml pots (F).
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