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Ptilostemon chamaepeuce, a plant native to Crete, has the potential to develop into a new flori-
cultural crop; therefore regeneration via organogenesis was studied. Seeds were germinated at
rates higher than 84% to produce plant material for in vitro culture. The influence of growth re-
gulators was investigated on MS and WPM media supplemented with 0, 1, 2 or 4 mg I"! BA and
0, 0.5, 1, or 2 mg I"! NAA and their combinations. BA at high concentrations (2 or 4 mg 1’1) in-
creased the number of shoots (7.6 shoots per explant), while longer shoots were recorded in me-
dia without growth regulators. Shoot proliferation was similar in both MS and WPM media.
However, chlorosis and dryness of leaves were observed on WPM. Regenerated shoots rooted
after culture in MS medium with 0.5, 1 or 2 mg I"! NAA and 1, 2, or 4 mg I"! IBA at rates higher
than 80%. No rooting was observed in media without auxins. Rooted cuttings were easily accli-
matized (90% survival) in polystyrene plugs at low intensity light and were successfully estab-

lished in pots under greenhouse conditions.
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INTRODUCTION

Ptilostemon chamaepeuce, which is grown in the east-
ern Mediterranean countries as well as in Crete, has
the potential to develop into a new floricultural crop,
mainly for xeriscape landscapes. The use of native
plants in local parks and gardens contributes to high
biodiversity and sustainability and emphasizes the
traditional character of the area of origin (Diekel-
mann & Schuster, 2002). P. chamaepeuce, in its nat-
ural habitat, is generally propagated by seed, produc-
ing plant communities with great uniformity in mor-
phological characteristics. Seeds collected in Crete
are well developed (over 14 mg in weight) and germi-
nate at temperatures between 10 and 20°C (Anto-
nidaki-Giatromanolaki, 2006). Rooting of stem cut-
tings of P. chamaepeuce, depends on season, sub-
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strate, applied auxins etc. and is generally difficult
(Antonidaki-Giatromanolaki et al., 2008). Moreover,
there are quantities of plant material not enough to
be used for mass propagation.

Micropropagation exhibits advantages compared
to conventional vegetative propagation since it is more
effective, faster and results in disease free plants (Ge-
orge, 1996; Harbage, 2001). So far, there are no re-
ports on successful in vitro propagation of P. chamae-
peuce using vegetative explants a fact probably due to
the presence of a thick indumentum (Chimonidou et
al., 2005; Antonidaki-Giatromanolaki, 2006). Many
researchers have used explants from seedlings to ini-
tiate adventitious shoot or root formation for in vitro
culture of various species (Schroeder & Stimart, 1999;
Choffe et al., 2000; Li et al., 2000; Vlahos & Dragas-
saki, 2000; Harbage, 2001; Hatzilazarou et al., 2001;
Gutierrez-Nicolas et al., 2008).

Propagation of some woody plants has been found
to be more successful on media with lower levels of
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nitrogen such as the Woody Plant Medium (McCown
& Lloyd, 1981) than on the MS medium (Romano,
1992). WPM contains on average more PO,*-, SO,*
and Mg?*, but less NO; and NH compared to the
media used for herbaceous plants (George, 1996). In
the present study we used both MS and WPM media
in order to decide on the best medium for shoot pro-
liferation of P. chamaepeuce. The experiment was
conducted with explants derived from seedlings that
had grown from sterilized seeds of the same plant, in
order to keep as much as possible, the uniformity of
the genetic material. The aim of the study was to es-
tablish a protocol for in vitro mass propagation of P.
chamaepeuce, in order to obtain propagation material
for commercial use.

MATERIAL AND METHODS

Seed sterilization and germination conditions

Nodal explants of P. chamaepeuce from greenhouse
mother plants, failed to be established in vitro, due to
severe contamination or damage. Thus, seeds were
collected from one wild individual plant of P. chama-
epeuce in July 2004 and got dried for 30 days in open
air at room temperature. They were then stored in an
opaque plastic container at room temperature until
their use. Seeds with a weight over 14 mg were washed
with tap water and house detergent and then im-
mersed in 0% (sterile water), 70% or 95% ethanol for
15 sec. They were subsequently disinfected in 2.5%,
5% or 10% CaO,Cl, solutions (containing 1 drop of
Tween 20 per 100 ml solution) for 10 min and rinsed
three times with deionized sterilized water. After-
wards, seeds were placed in test tubes containing a
half strength MS medium (Murashige & Skoog,
1962) (Sigma Chemical Co., Germany) supplemented
with 8 g I'! agar (Fluca, Biochemika, Germany). The
pH was adjusted to 6.0. All steps were carried out un-
der aseptic conditions in a laminar hood. Seeds were
kept in a growth chamber at 20 = 1°C and 16/8 h pho-
toperiod using 36 umol m~2s~! white fluorescent tubes
(Philips TLT, 36 W).

Five seeds were placed into each test tube (200 x
28 mm) containing ca. 15 ml of the medium and § tu-
bes were used per treatment. The experiment was re-
peated three times. The percentage germination da-
ta were transformed into angular values before statis-
tical analysis. The statistical analysis of the data was
based on analysis of variance and the means were com-
pared using Tukey’s test.

Establishment phase

Shoot tips (approx. 0.5 cm in length) of 2-week old in
vitro grown seedlings (Fig. 1A) were excised and cul-
tured on a full strength MS medium supplemented
with 0.5 mg I BA and 30 g I"! sucrose, with pH 5.8.
After three subcultures and when a sufficient number
of shoots had been obtained, the tips of these shoots,
(containing the apical bud plus 2-3 axillary buds) were
used as explants for in vitro culture.

Multiplication phase

Explants from the previous phase were cultured on
MS or WPM media (McCown & Lloyd, 1981) (a-
mended with 100 mg 1! myo-inositol, 0.5 mg I™! nico-
tinic acid, 0.5 mg I"! pyridoxine-HCI and 0.1 mg 1!
thiamine-HCI) both supplemented with 0, 1, 2 or 4
mg "' BA and 0, 0.5, 1 or 2 mg I NAA in all possible
combinations. Explants were individually embedded
into test tubes (100x28 mm) containing approx. 12
ml of the medium. Twenty tubes (replications) were
used per treatment in a completely randomized ex-
perimental design. Cultures were incubated as de-
scribed above. After 5 weeks in culture, the percent-
age of shoot formation, number of shoots and the
mean length of shoots per explant were assessed. The
data were subjected to analysis of variance and the
means were compared using Tukey’ test.

Rooting phase

Shoots from seedlings grown in MS medium as de-
scribed above, were cultured on MS medium (Sigma
Chemical Co) supplemented with 0.5, 1 or 2 mg I"!
NAA or 1, 2 or 4 mg I"! IBA. A control treatment
without growth regulators was also included. One ex-
plant was introduced into each test tube. Twelve ex-
plants were used per treatment in a completely ran-
domized experimental design. Five weeks after the
initiation of the culture, the rooting percentage, the
number of roots per micro-shoot and the mean length
of roots per micro-cutting, were recorded. The expe-
riment was repeated twice and the percentages of
rooting were transformed into arcin before statistical
analysis of variance.

Acclimatization phase

After five weeks in rooting medium, 30 rooted micro-
cuttings were transferred to polystyrene microplugs
and maintained in a growth chamber at 24 +2°C un-
der 16/8h photoperiod (36 umol m=2s~! cool-white
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fluorescent lamps). They were moistened with 10%
of Hoagland’s nutrient solution in deionized water
twice a week. After two months, they were transfer-
red to the greenhouse in pots (9 cm diameter) con-
taining compost (Florabella, Klasman): perlite (4:1

vIv).

RESULTS AND DISCUSSION

Seed sterilization and germination conditions

Results from seed sterilization using ethanol indi-
cated that no germination occurred. Moreover, the
seeds treated with ethanol turned dark green to black
and decayed. By contrast, a high germination per-
centage (84-96%) was recorded in all treatments dis-
infected with CaO,Cl, solution without the applica-
tion of ethanol (Table 1). Although the germination
percentage in the control (sterile water) was high
(100%), in the uninfected seeds it was low (20%) and
relatively high in the seeds disinfected with CaO,Cl,
(79-91%). This experiment was repeated three times
with different duration of the ethanol exposure and
the results were similar (data not shown). Thus, the
application of CaO,Cl, without using ethanol, was
the only sufficient method for sterilization of P. cha-
maepeuce seeds.

Establishment phase

Shoot tips, which were excised from in vitro germi-
nated seeds, were cultured in vitro on MS nutrient
medium without any sign of infection (data not shown).
During subculturing of these explants in vitro, no fur-
ther problems or chlorosis were observed.
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Multiplication phase

Explants in BA and in a combination of BA/NAA re-
sponded well and formed shoots by 70% to 100% in
MS medium and by 50-100% in WPM medium. By
contrast, explants in NAA alone or in media without
growth regulators (control) had formed no new shoots
except for those from the initial shoots (Table 2).

Two weeks after culture initiation on MS medi-
um, adventitious shoots began to appear at the base
of the explants in all treatments except for the control
and in all NAA concentrations, without any BA addi-
tion. After five weeks of incubation, most of the treat-
ments produced adventitious shoots to a varying de-
gree (Figs 1B, 1E). Best results (7.6 shoots per ex-
plant) were obtained on MS supplemented with BA/
NAA at a ratio of 2/0, without exhibiting statistical
differences from the treatments BA/NAA at 4/0, 4/1,
4/0.5, 2/0.5 and 1/0 (Table 2). The addition of BA in-
creased significantly the number of shoots, particu-
larly without NAA. Increasing of the concentration of
NAA with BA, tended to reduce the number of shoots,
except for the highest concentration of BA. The shoots
grew longer on MS media lacking growth regulators
and followed in size by the treatment 0.5 mg I'' NAA
(Table 2). Addition of NAA to all concentrations re-
duced shoot growth compared to the control and the
combined treatments with BA and NAA.

At high BA concentrations, more adventitious
shoots were induced, originating from the callus and
the leaf axils. When the treatments contained only
BA (no NAA), more shoots were developed on the
axils of explants than on the adventitious shoots at
their base (data not shown). Furthermore in the com-

TABLE 1. Effect of different sterilization method on the P. chamaepeuce seed germination in vitro'. Values followed by the

same letter are not significantly different (P < 0.05)

Method of sterilization

Not infected seeds
(% of the germinated seeds)

Germination %

control (sterile water)

95% ethanol

95% ethanol + 2.5% CaO,Cl,
70% ethanol + 5% CaO,Cl,
70% ethanol + 10% CaO,Cl,
2.5% Ca0,(Cl,

5% CaO,Cl,

10% CaO,Cl,

1002 20°
(0 -
0° -
0° -
0° -

96* 792

922 862

842 912

125 seeds per treatment
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FIG. 1. Micropropagation of Ptilostemon chamaepeuce from seedlings. (A) Seedling in half strength MS medium. (B) Adven-
titious shoot formation on MS medium at 4/1 mg I"' BA/NAA. (C) Hard callus formation (arrow) at the base and the nodes
of the explants at high concentrations of BA (4 mg I'!). (D) In vitro shoot formation from tip explants on WPM medium.
Chlorotic and dried tips of leaves and shoots were developed three weeks after the initiation. (E) Adventitious and axillary
shoot formation from explants derived from seedling shoot tips on MS medium at 0/0, 2/0.5, 4/1 and 4/0 mg I"' BA/NAA af-
ter five weeks of incubation (from left to right). (F, G) P. chamaepeuce rooted microcuttings in plugs with rock wool after 4
(G) and 8 (F) weeks. (H) Plants grown in vitro after transplanting to pots under greenhouse conditions.
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TABLE 2. Effect of BA, NAA and nutrient media (MS or WPM) on the shoot formation (%), number and length of shoots
of P. chamaepeuce® 2. Values within column followed by the same letter are not significantly different (P < 0.05) by Tukey’s

test
BA/NAA MS WPM
(mg ™) Shoot Number Length Shoot Number Length
formation of shoots of shoots formation of shoots of shoots
(%) (mm) (%) (mm)
0/0 252 1.3 10.1¢ 102 120 4.5%¢
0/0.5 102 1.12 8.5 5@ 0.52 2.5%¢
0/1 252 1.42 6.6 5@ 0.72 2.2ab
0/2 152 1.22 3.84¢ 5@ 0.72 1.72
1/0 100¢ 5.84f 5.5%d 90°d gede 5.2%¢
1/0.5 100¢ 4.1¢d 4.1%¢ 50° 3b-e 4.6%¢
11 95be 4.9¢¢ 4.1%¢ 700-d 2.2wd 6.24¢
1/2 9Qbe 3.9b¢ 4.5%¢ 60°° 1.9%¢ 2ab
2/0 100¢ 7.6t 5.1%¢ 1004 4,54 6.6°
2/0.5 95be 5.941 5.2b¢ 80b-d 2.5%d 6.1¢¢
21 95be 3.6%4 3.6%¢ 60°° 2.6%4 7.2¢
2/2 700 2.4d 4.1%¢ 80b-d 3b-e 4.8%¢
4/0 100¢ 7.5¢ Sa¢ 1004 4.9¢ 5.4
4/0.5 100¢ 5.641 4.7%¢ 1004 4,54 5.3%¢
4/1 100¢ 7.2¢ 2.92b 80b-d 2.9b-¢ 4.28¢
4/2 100¢ 4.8¢ 1.72 50° 0.52 2,724

120 explants per treatment

2 Explants were kept at 24 =2°C and 16h/8h photoperiod for 5 weeks

binations of BA and NAA, more adventitious shoots
were formed at the base of the shoots (Fig. 1E). In
comparison to other treatments, callus formation was
observed in all treatments with NAA and in the com-
binations of BA and NAA. The callus was soft and
friable in the explants of the NAA treatments and
hard in the explants of the combinations of BA and
NAA. Hard callus was also formed at the base and at
the nodes of the explants, mostly at high BA concen-
trations (Fig. 1C), which produced shoots after 2 or 3
subcultures. Vitrification was recorded at high BA
and BA/NAA concentrations when the explants were
cultured for more than five weeks.

Cultures in WPM medium supplemented with BA
only or combination with BA and NAA stimulated
shoot proliferation compared to the control or the
NAA alone (i.e. no BA) treatments (Table 2). The ef-
fect of BA and NAA on shoot proliferation was com-
parable to that in the MS medium, except for the fact

that less shoots were formed per explant. The higher
the concentration of BA, the greater the mean number
of shoots produced per culture, after 5 weeks of incu-
bation. NAA had an inhibitory effect on shoot prolif-
eration in cultures with BA. Three weeks after the ini-
tiation of the culture on WPM medium, the leaves
were chlorotic. Furthermore, dryness of leaf tips and
shoots in all treatments was recorded (Fig. 1D). The
most serious symptoms of dryness were observed in
the explants treated with high concentrations of BA
and NAA combinations (BA/NAA: 4/2 mg I1).

The fact that MS medium had better results than
WPM on in vitro proliferation and shoot induction of
P. chamaepeuce, has also been mentioned by other
researchers in Pitosporum napaulensis (Dhar et al.,
2000) and Sterculia urens (Hussain et al., 2008).

Root formation was observed in cultures with
NAA alone in both media, and the first roots were vi-
sible from the second week after cultivation in the
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TABLE 3. Effect of NAA and IBA concentrations on in vitro rooting of P. chamaepeuce microshoots five weeks after plant-
ing2. Values within column followed by the same letter are not significantly different (P < 0.05) by Tukey’s test

Treatment  Concentration (mg 1) Rooting (%) ﬁizrcl)g/lsmhzzi of rg/f)i;l;ls}lli)lftt?cm)
Control 0.0 0.0 0? 0?
NAA 0.5 41.7° 4.82° 2.9
1.0 44.4° 4.6 2.8%
2.0 83.3¢ 11.9° 6.3%°
IBA 1.0 50.0b¢ 4.5% 3.5%
2.0 50.0b¢ 8.7 6.8"
4.0 75.0%¢ 14.2° 6.43°

112 explants per treatment

2 Explants were kept at 24 =2°C and 16h/8h photoperiod for 5 weeks

rooting media. No explants were rooted from the
control and from the treatments containing BA alone
or in combination with NAA.

Rooting phase

Ten days after the initiation of the culture, the first
roots were visible from the formed callus at the base
of some explants. In five weeks, the root system had
been satisfactorily developed. None of the explants
rooted in a medium without auxins (Table 3). The
best rooting percentage was recorded at 2 mg 1!
NAA (83.3%), followed by the treatment at 4 mg 1!
IBA (75%). However no statistical differences were
recorded between all IBA treatments and the 2 mg 1!
NAA and also among treatments concerning root
number and root length (Table 3). Although rooting
of stem cuttings ex vitro is difficult (Antonidaki-Gia-
tromanolaki et al., 2008), rooting of microshoots is
easier by using the MS medium supplemented with
NAA or IBA at the above mentioned concentrations.
Moreover, IBA and NAA have been reported to have
a stimulatory effect on root induction in many species
including Pitosporum napaulensis (Dhar et al., 2000),
Bambusa vulgaris (Ndiaye et al., 2006), Sterculia urens
(Hussain et al. 2008) and Tectona grantis (Akram &
Afrab, 2008).

Acclimatization phase

Ninety percent of the rooted microcuttings were suc-
cessfully acclimatized and were transferred two months
later to the greenhouse in pots (9 cm in diameter)
containing compost (Florabella, Klasman): perlite
(4:1 v/v). All rooted micro-cuttings, which had been
planted first in the polystyrene microplugs, were suc-

cessfully established later in the greenhouse (Figs 1F,
G and H). By contrast, rooted microcuttings planted
in pots and transferred directly to the greenhouse
had a very low percentage of establishment (data not
shown).

CONCLUSIONS

This paper reflects the first attempt to micropropa-
gate P. chamaepeuce by tissue culture. Using the typ-
ical protocol for seed disinfection, we ascertained
that ethanol seriously harmed seeds, which did not
germinate. The results on shoot proliferation showed
that P. chamaepeuce can be propagated in vitro, using
shoot tips obtained from seedlings producing up to
7.6 shoots per explant in five weeks. Explants in MS
medium produced more and longer shoots with bet-
ter quality than in WPM. The percentage of rooting
of P. chamaepeuce microcuttings was higher than
80% at 2 mg 1" NAA and 75% at 4 mg I"! IBA and
the young plantlets established easily in pots under
greenhouse conditions with a survival rate higher than
90%.
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