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Abstract. The hard, strong, very close-grained wood of common persimmon (Diospyros
virginiana L.; Ebenaceae) is desirable for specialty products such as golf club heads,
percussion sticks, billiard cues, and for wood turnery. The edible fruit of cultivated
varieties is sold as pulp for use in puddings, cookies, cakes, and custards. Persimmon is
usually propagated by grafting. Own-rooted clonal persimmon could offer several
advantages to specialty fruit growers such as elimination of grafting, graft incompatibility issues, and improved rootstocks for variety testing. Four mature, grafted (male
and female) persimmon genotypes and one hybrid were used for nodal explant culture.
Nodal stem explants were cultured on Murashige and Skoog (MS) medium containing
10 mM zeatin, 3% (w/v) sucrose, and 0.7% (w/v) Bacto agar. Explants were routinely
transferred to fresh medium every 3 weeks until shoot cultures were established. All
nodal explants excised from grafted greenhouse plants produced at least one viable
shoot. For in vitro rooting of microshoots, half-strength MS medium with 0, 5, 10, or
15 mM indole-3-butyric acid (IBA), 0.1 g·LL1 phloroglucinol, 3% (w/v) sucrose, and
0.7% (w/v) Bacto agar were tested with a 10-day dark culture treatment followed by
culture in the light. Best rooting (14% to 87%) was achieved on medium containing 5
mM IBA for the common persimmon genotypes with means averaging from 0.5 to 3.9
roots per shoot. Ninety-one percent rooting with 5.3 ± 2.6 roots per shoot was achieved
for the hybrid persimmon. Rooted plants were successfully acclimatized to the
greenhouse.

Diospyros virginiana L. (Ebenaceae), also
known as common persimmon, American
ebony, or possumwood, is a deciduous,
medium-sized tree (12 to 18 m) native to the
east–central and southeastern United States
(Fig. 1A). Common persimmon is shadetolerant and prefers moist, well-drained,
bottomland or alluvial soils but can thrive
on almost any type of soil (Halls, 1990). Its
deep taproot makes it useful for erosion
control. The common persimmon is classified as typically dioecious, good fruit crops
(Fig. 1B) are borne every 2 years with optimum fruit-bearing at 25 to 50 years of age. In
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the wild, the fruit is consumed by birds,
deer, and small mammals. The hard, strong,
even-textured, shock-resistant, close-grained
wood (Fig. 1C) is desirable for specialty
products such as golf club heads, percussion
sticks, billiard cues, wood turnery, and veneer
(Coladonato, 1992). Diospyros kaki, also
known as Japanese or Oriental persimmon,
is an important horticultural crop, whereas
D. virginiana is considered a minor, but desirable, fruit tree and specialty wood product
species. The edible fruit of cultivated varieties
of common persimmon are sold as pulp for use
in puddings, cookies, cakes, and custards.
Persimmons are usually propagated by grafting (Morton, 1987). Own-rooted clonal persimmon could offer several advantages to
specialty fruit growers such as elimination
of grafting (alleviating seedling rootstock
variation), graft incompatibility issues, and
production of improved rootstocks for variety
testing. In vitro propagation of common persimmon would be valuable for the development of commercial rootstocks for the nursery
industry. The objective of this study was to
develop an in vitro propagation protocol for
four mature cultivars of common persimmon
and one hybrid genotype. To the best of our
knowledge this is the first report on in vitro
culture of these cultivars of common persimmon and this hybrid.

Plant material. Four mature common
persimmon cultivars (Diospyros virginiana)
and one hybrid were used in this study. The
main use of these cultivars was for the production of fruit for human consumption
and for pulp processing. D127M is male,
exhibits vigorous growth, is a good rootstock
for grafting females, and is related to ‘Dollywood’. Golden Supreme is female, produces
large late-ripening fruit, and clear pulp.
Szukis is male but displays bisexual traits,
produces large midseason ripening fruit, is
self-pollinating, and believed to be a seedling
of ‘Early Golden’. Claypool H118 is female,
produces large early-ripening fruit, and clear
pulp. The hybrid ‘Rosseyanka’, D. virginiana
(seed parent) 3 D. kaki (pollen parent), produces 5- to 7-cm fruit, is a cold-hardy Russian
hybrid, and nearly seedless. Scion wood from
each genotype was grafted onto seedling rootstock of field-grown common persimmon.
In vitro shoot culture establishment.
All actively growing stems from 2-year-old
grafted stock plants growing in the greenhouse
were surface-disinfected in 70% (v/v) ethanol
for 30 s, then 15% (v/v) bleach solution
(5.25% sodium hypochlorite) for 15 min,
followed by four rinses in sterile, deionized
water. Single-node stem explants were cultured on Murashige and Skoog (1962) basal
medium (M499; PhytoTechnology Laboratories, Shawnee Mission, KS) plus organics
containing filter-sterilized 10 mM zeatin, 3%
(w/v) sucrose, and 0.7% (w/v) Bacto agar
(No. 214030; Becton Dickinson) in Magenta
GA-7 vessels (Magenta Corp., Chicago, IL;
50 mL medium). The pH of the medium was
adjusted to 5.8 before autoclaving. Three
replications with 12 explants per replication
for each genotype were conducted. Nodal
explant cultures were maintained under a
16-h photoperiod provided by cool-white
fluorescent lamps (80 mmol·m–2·s–1) at 25 ±
2 C and transferred to fresh medium every 3
weeks until a single shoot elongated from the
bud. The individual, elongated microshoots
from each original nodal explant were routinely cultured on the same medium with
5 mM zeatin and routinely micropropagated
through nodal sections to increase the number
of clonal shoots available for rooting trials.
Rooting of microshoots and acclimatization of plants to the greenhouse. Microshoots (2 to 3 cm in length) were induced to
form roots on half-strength MS medium with
100 mg·L–1 phloroglucinol; 0, 5, 10, or 15 mM
IBA; 3% (w/v) sucrose; and 0.7% (w/v)
Bacto agar in Magenta GA-7 vessels (one
shoot per vessel; 50 mL medium). The pH of
the medium was adjusted to 5.8 before autoclaving. Three to five replications with eight
shoots per treatment for each genotype were
conducted. Cultures were incubated at 25 ±
2 C in darkness for 10 d to induce rooting
and then transferred to a 16-h photoperiod
provided by cool-white fluorescent lamps (80
mmol·m–2·s–1) at 25 ± 2 C. The number of
shoots forming roots, number of roots per
shoot, and root length were recorded after 4

747

weeks in the light. Rooted plantlets were
gently removed from the agar medium and
potted in 10- 3 10-cm plastic pots containing
a moist autoclaved potting mix containing
65% peatmoss, perlite, vermiculite, starter
nutrients, wetting agent, and dolomitic limestone (Fafard Super-Fine Germinating Mix,
Agawam, MA) and grown under a 16-h
photoperiod (80 mmol·m–2·s–1) at 25 ± 2 C.
All agar was removed from the roots before
transplanting. Pots were placed in 3.8-L
plastic zip-lock bags to provide a high relative humidity and had four holes punched
below the zip-lock to allow for air exchange.
The bags were gradually opened over a period
of 2 to 4 weeks in the culture room to allow
plantlets to acclimatize to ambient conditions. Plants were watered once a week until
the bags were fully opened and then watered
as needed. After 4 to 6 weeks, plants were
transferred to the greenhouse. Plants were
irrigated as necessary with acidified water
containing a combination of two watersoluble fertilizers (3:1 mixture of 15N–2.2P–
12.5K and 21N–2.2P–16.6K, respectively;
The Scotts Co., Marysville, OH) to provide
the following (in mg·L–1): 200 nitrogen,
26 phosphorus, 163 potassium, 50 calcium,
20 magnesium, 1.0 iron, 0.5 manganese and
zinc, 0.24 copper and boron, and 0.1 molybdenum. Nitrate form was 76% of nitrogen
provided. Irrigation water was supplemented
with 93% sulfuric acid (Brenntag, Reading,
PA) at 0.08 mL·L–1 to reduce alkalinity to
100 mg·L–1 and pH to a range of 5.8 to 6.2.
Statistical analysis. SPSS (software Version 17) (SPSS, Inc., 2009) was used to analyze rooting data. An analysis of variance
(ANOVA) was performed using the General
Linear Model procedure on the individual
replicate means by treatment for the number
of shoots forming roots, number of roots per
shoot, and root length. If the ANOVA indicated statistical significance, a Duncan’s
comparison test with an alpha level of 0.05
was used to distinguish the differences between treatments.
Results and Discussion
Common persimmon microshoots from
four mature genotypes (D127M, Golden Supreme, Szukis, and Claypool H118) and one
hybrid ‘Rosseyanka’ genotype were successfully established in vitro after 2 to 3 months
culture on MS medium with 10 mM zeatin
(Fig. 2A–B). All of the nodal explants excised from the grafted greenhouse stock
plants produced at least one shoot for continuous micropropagation. MS medium with
zeatin has previously proven to be one of the
best basal medium and plant growth regulators for supporting D. kaki in vitro shoot
growth (Cooper and Cohen, 1985; Fukui
et al., 1989; Tao and Sugiura, 1992; Hiyoyuki
Chijiwa, personal communication). Cooper
and Cohen (1985) reported that MS medium
with 4.56 mM or 13.69 mM zeatin produced
the best shoot growth from nodal explants
of D. kaki as compared with medium with
6-benzyladenine (BA), kinetin, isopentenyl
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Fig. 1. Growth habit and fall color (A), fruit (B), and quarter-cut wood (C) of common persimmon
(Diospyros virginiana L.). (A and B courtesy of Sally Weeks, Purdue University; C reprinted with
permission from Russ Bork, Wood River Veneer, Gooding, ID; http://wood-veneer.com).

Fig. 2. In vitro propagation of common persimmon. Explant initiation (A), shoot elongation (B), in vitro
rooted persimmon cultured on 5 mM indole-3-butyric acid (IBA) (C), and acclimatized plant in the
greenhouse (D).

adenine, or benzyl-tetrahydropyranyl-adenine.
Fukui et al. (1992), using shoot tips from
current growth, established shoot cultures of
95 Japanese persimmon cultivars and three
other species [D. japonica, D. lotus (male),
and D. virginiana (male and female)] on MS
medium (half-strength nitrogen) plus 100 mM
zeatin. Tao and Sugiura (1992) established
a protocol for D. kaki using dormant buds
cultured on MS (half-strength nitrogen) medium with 20 mM BA or 10 mM zeatin. The
authors noted that if cultures were initiated
on BA, those cultures needed to be transferred
to 25 mM 6-(g,g-dimethylallylamino) purine
(2iP) or 3 mM zeatin to ensure shoot elongation and that some cultivars could not be
established in vitro. In our study, continuous
micropropagation through nodal sectioning
of in vitro shoots of common persimmon
was promoted by a reduction of zeatin to 5 mM
(Fig. 2B), a strategy that was proven effective
for several D. kaki cultivars (Tetsumura and
Yukinaga, 2000).
Rooting of microshoots occurred for all
genotypes at all concentrations of IBA tested,
but rooting was variable from genotype to

genotype (Table 1). Rooting of genotype
D127M (76%; 3.2 ± 1.5 roots per shoot)
and Claypool H118 (87%; 3.9 ± 0.7 roots per
shoot) responded the best overall to 5 mM
IBA (Fig. 2C). Golden Supreme produced the
most rooting (18.1%) on MS medium containing either 5 mM (0.5 ± 0.8 roots per shoot)
or 15 mM IBA (1.3 ± 1.2 roots per shoot).
Szukis produced an average of 1.2 ± 1.4 roots
per shoot and the hybrid ‘Rosseyanka’ produced 5.3 ± 2.6 roots per shoot on 10 mM
IBA. Ninety-one percent rooting was observed with the hybrid ‘Rosseyanka’ compared with only 16% with Szukis. Shoot tips
of nine cultivars of Japanese persimmon
cultured on medium containing 20 mM BA
rooted better than shoots from 23 cultivars
cultured on 10 mM zeatin (Tetsumura et al.,
1991). Tao and Sugiura (1992) reported that
Japanese persimmon shoots cultured on halfstrength MS medium (half-strength nitrogen),
treated with 1.23 mM IBA for 15 to 30 s, and
then cultured in the dark on plant growth
regulator-free medium for 9 d had the best
rooting percent depending on the cultivar
tested. An earlier report stated that Japanese
HORTSCIENCE VOL. 48(6) JUNE 2013

Table 1. Effect of indole-3-butyric acid (IBA) on rooting of in vitro common persimmon shoots.z
Genotype IBA (mM)
D127M
5
10
15
Golden Supreme
5
10
15
Szukis
5
10
15
Claypool H118
5
10
15
Hybrid Rosseyanka
5
10
15
z
Values represent means
the same letter were not
(P # 0.05).

No.

Rooting (%)

No. roots per shoot

Root length (cm)

34
34
34

76.0 ± 6.8 a
53.1 ± 8.8 ab
37.5 ± 11.6 b

3.2 ± 1.5 a
2.4 ± 1.3 a
2.6 ± 2.0 a

2.6 ± 0.4 a
1.2 ± 0.5 ab
0.9 ± 0.4 b

26
26
26

18.1 ± 13.7 a
9.7 ± 6.2 a
18.1 ± 5.9 a

0.5 ± 0.8 a
0.3 ± 0.5 a
1.3 ± 1.2 a

0.5 ± 0.4 a
0.6 ± 0.4 a
0.9 ± 0.4 a

38
38
38

13.5 ± 5.2 a
15.6 ± 6.6 a
8.9 ± 4.8 a

0.9 ± 1.1 a
1.2 ± 1.4 a
1.1 ± 1.5 a

0.9 ± 0.5 a
0.4 ± 0.3 a
0.1 ± 0.1 a

38
38
38

87.0 ± 4.1 a
66.7 ± 8.3 ab
44.8 ± 8.9 b

3.9 ± 0.7 a
3.2 ± 1.4 ab
2.3 ± 0.7 b

1.6 ± 0.2 a
1.0 ± 0.9 ab
0.6 ± 0.4 b

38
85.4 ± 4.4 a
3.7 ± 0.3 b
2.2 ± 0.1 a
38
90.6 ± 6.6 a
5.3 ± 2.6 ab
2.1 ± 0.2 a
38
81.3 ± 6.3 a
7.4 ± 3.7 a
1.4 ± 0.2 b
± SE for N explants per treatment. Means in each column followed by
significantly different according to Duncan’s multiple comparison test

persimmon shoots rooted on higher IBA
concentrations were weaker and some eventually died (Murayama et al., 1989). Tao and
Sugiura (1992) also noted that shoots established using BA and then multiplied using
2iP or zeatin had higher rooting potential than
shoots cultured on zeatin only, but many
cultivars could only be established when
using zeatin. Fukui et al. (1992) described
variable rooting among 95 D. kaki cultivars
(0% to 100%) and two D. virginiana genotypes (60% and 100%; cultivars not reported)
treated with 0.4% a-naphthyl acetamide and
cultured on MS medium (half-strength nitrogen); 25 cultivars failed to root. Adventitious
shoots, regenerated from in vitro root segments, of Japanese persimmon also rooted
(0% to 100% depending on the cultivar)
using a 1.25 mM IBA dip (Tetsumura and
Yukinaga, 2000). Phloroglucinol has been
shown to act synergistically with auxin,
particularly IBA, and has a promotive effect
on the rooting from several woody species,
including Malus (James and Thurbon, 1981;
Zimmerman, 1984) and Prunus (Hammatt,
1994; Jones and Hopgood, 1979). In the
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present study, D. virginiana nodal explants
from four mature cultivars and one hybrid
were established in vitro on MS medium with
10 mM zeatin. Half-strength MS medium
containing 5 to 15 mM IBA promoted rooting,
depending on the cultivar. Rooted plants of
each genotype were successfully acclimatized to the greenhouse and showed normal
growth and development (Fig. 2D). Future
investigations will need to focus on scale-up
in vitro propagation of these cultivars, improvement of rooting, and acclimatization of
plants to the field.
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