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ABSTRACT

Tacca chantrieri Andre, or bat flower, is a species from Taccaceae family that has unique inflorescences
consisting of large, dark-colored bracts with long whiskers, making it suitable as ornamental pot plants.
T. chantrieri leaves and rhizomes contain phytochemicals that have been reported to have medicinal
properties. T. chantrieri is increasingly hard to find in their native habitat; their seeds have a very slow and low
germination rate, whereas propagation in vivo by division takes a long time. A protocol is presented to optimize
seed germination and in vitro propagation of 7. chantrieri from West Borneo, Indonesia. We have developed
a method to improve in vitro germination of freshly harvested 7. chantrieri seeds. Pre-sowing treatment with
5mg L™ of GA, for 5 x 24 h and addition of GA, at 5 mg L' to the MS medium significantly promoted
earlier and ﬁnal germination up to >90% within 10 weeks after sowing compared to without GA,, or immers-
ing in GA, for shorter durations. MS media supplemented with indole acetic acid (IAA) at 0.5 mgL 'and ben-
zyl ademne (BA) at 1 or 2 mgL" was effective to induce shoot proliferation from in vitro germinated seeds;
7-10 shoots were produced after 12 weeks of culture. Shoot proliferation from basal shoot explants were best
on MS supplemented with IAA at 0.5 mgL™". The results of this study have provided a basis for further mass

propagation efforts of 7. chantrieri.
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INTRODUCTION

Tacca chantrieri, also known as bat flower, or
‘bunga kelelawar’ in Indonesian, is a perennial belong
to Taccaceae family. T chantrieri has unique inflores-
cences consisting of large, dark-colored bracts with
long whiskers; make it an attractive flowering orna-
mental plant. In Europe, 7. chantrieri is a high value
potted plants for its exotic dark-purple blooms with
wing and uniquely long filaments, surrounded by large
dark green foliages. Tacca chantrieri in the northern
hemisphere flowers in spring to early fall. The phyto-
chemical content of 7. chantrieri thizomes and their po-
tential uses as herbal have been reported, e.g. 7. chan-
trieri thizomes have been used as traditional herbs in
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China [Yokosuka et al. 2002] and Thailand [Charoen-
sub et al. 2008]. Rhizomes of the species contain sa-
ponin spirostanol, which is regarded as being effective
against leukemia [ Yokosuka et al. 2002]. Rhizomes of
T chantrieri contain taccalonolide AJ and taccabulin
A, two distinct microtubule active compounds that
have synergistic effects against proliferative cancer
cells [Risinger et al. 2013]. Evelynin, a new benzoqui-
none-type retro-dihydrochalcone, was isolated from
the roots and rhizomes of Tacca chantrieri; evelynin
has antiproliferative activities against a range of can-
cer cells at low micromolar concentrations [Peng et
al. 2010].
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Most studies have reported the phytochemical con-
tent of 7. chantrieri thizomes, and limited studies have
been conducted on its culture and propagation. He at
al [2002] and Krisantini et al. [2017] reported a low
and slow seed germination of I. chantrieri seeds in
vivo. Charoensub et al. [2018] reported micropropa-
gation of T. chantrieri by culturing sterile seedlings
in vitro, but no studies have been reported on the seed
viability and germination of seeds from different fruit
maturity. Seeds collected from the ripe fruits have
reached their physiological maturity and will produce
vigorous seedlings [Murrinie et al. 2019]. Seed germi-
nation increases along with the ripening of the fruits,
even though Cruz-Tejada et al. [2018] reported that in
several tropical species there were no differences be-
tween the ripe and overripe stages of fruits in affecting
seed germination. Therefore, in this study we evalu-
ated germination of the seeds collected from ripe and
overripe fruits of 7. chantrieri.

Gibberellic acids, particularly GA,, GA,, and GA_,
are effective in breaking the dormancy and promoting
seed germination of Solanum sp. [Gisbert et al. 2011],
Pistacia lentiscus [Yildirim et al. 2018], Penstemon
digitalis [De Mello et al. 2009], and loquat [Al-
Hawezy 2013]. GA actions might be related to chang-
es in the seed membrane properties or to weakening of
the endosperm layer [Gisbert et al. 2011] which leads
to seed germination.

In vitro propagation allows large scale production
of crops which otherwise have low chances of germi-
nating and growing. Cytokinin in combination with
auxin can induce high regeneration potential; e.g. 9.0
UM benzyl adenine (BA) and 0.5 uM indole-3-acetic
acid (IAA) resulted in >80% of shoot proliferation of
Pyrus elaeagrifolia [ Aygan and Dumanoglu 2015].
In Vigna subterranean a high number of shoots per ex-
plant from cotyledons were obtained on medium sup-
plemented with 3—5 pM of BAP combined with syn-
thetic auxin 0.01-0.1 mg L' NAA [Kone et al. 2007].
These reports highlighted that the optimum ratio of
cytokinin to auxin for shoot proliferation might vary
with plant species. Development of multiple shoots
from an explant in tissue culture propagation is a de-
sired growth character to allow further multiplication.

The aims of this work are to improve germination
of T chantrieri from West Borneo and to develop its
propagation method in vitro. Specifically, our studies
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are to answer the following questions: (1) what are the
germination rates of 7. chantrieri seeds from ripe and
over ripe fruits?; (2) can GA, treatment improve ger-
mination of 7. chantrieri seeds?; and (3) can IAA and
BAP addition to MS media improve shoot prolifera-
tion of the in vitro germinated seedlings?

MATERIALS AND METHODS

Plant material, culture conditions and establish-
ment. Tacca chantrieri for this experiment was orig-
inated from West Borneo that has been preserverd,
maintained and propagated at Bogor Botanical Gar-
den, West Java. Mature plants of 7. chantrieri were
purchased from Bogor Botanical Garden nursery in
2015. The plants were grown under shade structure at
the Department of Agronomy and Horticulture nursery
in Darmaga, (6°35'3.3"S, 106°43'51.8"E), IPB Uni-
versity, Indonesia, until flowering and produced fruits.
Seeds were washed with sterilized water, disinfected
in fungicide (Dithane® M-45, a.i. mancozeb) and bac-
tericide (Agrept® 20 WP, a.i. streptomycin), immersed
in 30% chlorox (active ingredient NaClO 5.25%) for
5 min, and washed three times with sterilized water
prior to sowing to the MS medium containing 30 g-L!
sucrose and 7 g-L ' agar. All chemical used were of
analytical grade (Sigma Chemical Co. USA). The pH of
all media was adjusted to 5.8 with 0.1 N NaOH before
autoclaving (121°C for 20 min). Plant growth regulators
(PGRs) were added to the medium prior to adjustment
of pH and sterilization. Unless otherwise described,
all cultures were maintained in a 24-h photoperiod at
23 +2°C with photosynthetic photon flux density of
+134 lux (15 W, 59 lumen W) provided by cool white
fluorescent lamps.

Effect of fruit maturity on seed germination.
Three separate studies on seed germination were
conducted. The first experiment tested the germi-
nation rates of seeds from ripe and overripe fruits.
Seeds each from ripe and overripe fruits (Fig. 1 B)
were sown on 30 mL MS media in 100 mL flasks
3 days after harvesting the fruits. Ten seeds each were
sown per flask, and each treatment was replicated
nine times. Seed germination was recorded weekly
for 14 weeks after sowing.

Effect of different GA, concentration on germi-
nation. The second experiment tested whether addi-
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Fig. 1. Germination of 7. chantrieri seeds collected from ripe and over-
ripe fruits
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Fig. 2. T chantrieri seed germination in MS media without and with GA, sup-
plementary
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Fig. 3. In vitro germination of T. chantrieri seeds from overripe fruits after
treatment with 5 mgL ' of GA, solution for 1, 3 and 5 days prior to sowing

Germination seeds without PGR; (B) germinated seeds after incubation of seeds in 5 mg-L™" of GA, for 5 days; (C) individual seedlings on MS
medium supplemented with [AA at 0.5 mg-L™' and BA at 2 mg-L™'; (D) basal shoot explant on MS medium supplemented with IAA at 0.5 mg-L"!
and BA at 3 mg-L™'; (E) acclimatized plants at 4 weeks after acclimatization; (F) acclimatized plants after transplanted to individual pots at
12 weeks after acclimatization

Fig. 4. In vitro culture of seeds and development of 7. chantrieri plantlets
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tion of GA, in the MS media at 1 and 5 mg L™ affect
seed germination. MS media without GA, was used as
control. Ten seeds were sown on each 30 mL media
in 100 mL flasks, and each treatment was replicated
three times.

Effect of duration of seed imbibition in GA, solu-
tion on germination. The third experiment tested the
effects of imbibition duration in 5 ppm GA, on seed
germination, i.e. 1, 3, or 5 x 24 hours, prior to sow-
ing on the MS media. Ten seeds were sown on each
30 mL media in 100 mL flasks, and each treatment was
replicated three times.

The effects of GA, on seed germination experiments
were repeated at least twice using the similar number
of seeds and replications under the same environment.
Percentage of germinated seeds was measured weekly
from the 4" to the 12" week after sowing.

Shoot proliferation. To study shoot proliferation
of seedlings, in vitro germinated seeds were trans-
ferred individually to MS medium and supplement-
ed with auxin TAA at 0.25 mgL™"! or 0.50 mgL"! in
combination with N°-benzyladenine (BA) at 1 mgL!,
2 mgL!, or 3 mgL"!'. MS hormone-free media was set
as control. Each treatment consists of 9 replications,
with 1 seedling per flask. Experiments were conduct-
ed in a culture room with environment as described
for the germination study. Shoot proliferation of the in
vitro germinated seedlings was measured weekly over
a period of 12 weeks.

The basal shoots from in vitro germinated seed-
lings were used as explants and grown on MS medi-
um supplemented with TAA at 0.5, 1, or 1.50 mgL™" in
combination with N®-benzyladenine (BA) at 3 mg L,
4 mg L', or 5 mg L'. Each treatment repeated five
times with 3 explants per flask. Proliferation was mea-
sured for 12 weeks based on the number of shoots de-
veloped per explant. All cultures were maintained in
a culture room with the environmental condition de-
scribed above.

Rooting and acclimatization. Shoots that devel-
oped from proliferation study were rooted on MS
medium supplemented with IAA at 0.1, 0.5, and
1 mgL! in combination with N°-benzyladenine (BA)
at 1 mg L', 2 mg L', or 3 mg L', Plantlets that have
grew up to >20 mm in height having a minimum of
one fully expanded leaf and two roots were transferred
out of the flasks. Agar medium attached to the roots
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were gently washed out with running tap water prior
to planting into 15-cm pots containing a mixture of
sterilized compost, coir and burnt rice hulls (1 : 1 : 1
by volume) under shade. During the first 7 days af-
ter transfer each pot was covered with plastic sheets
to maintain humidity. Plantlets were watered twice
a day and fertilized with MS solution weekly. The final
number of explant survival was counted on the 4™ and
8™ week after acclimatization.

Statistical analysis. Data were subjected to analy-
sis of variance using SAS 9.1.3. Significant differences
between treatments were further separated by Fisher
test at a = 0.05.

RESULTS

Effect of fruit maturity on seed germination. Only
seeds from overripe fruits that can germinate. The first
germination was recorded at 8 weeks after sowing with
a maximum germination of <30% at 14 weeks (Fig. 1).
None of the seeds from ripe fruits can germinate within
14 weeks of study. Therefore, the next experiments only
used seeds collected from overripe fruits.

Effect of different GA, concentration on germi-
nation. Addition of GA, at 5 mg L' to MS media
significantly promoted earlier germination compared
to media containing 1 mg L' GA, or media without
GA, Seeds on MS + 5 mg L' GA, started germinat-
ing at 6 weeks after sowing and germination reached
90% at 14 weeks after sowing (Fig. 2, 4A, 4B). Seeds
germinated on the media without GA, or with GA,
concentration of 1 mg L' germinated slowly, only ca.
20% seeds from these two treatments germinated at
14 weeks after sowing (Fig. 2).

Effect of duration of seed imbibition in GA, solu-
tion on germination. Having determined that addi-
tion of 5 mg L' of GA, on MS media significantly
improved germination, we examined if duration of
seed imbibition in GA solution prior to sowing affects
T chantrieri seed germination. Imbibing seeds in GA,
solution for 5 x 24 hours was effective in promoting
earlier germination, i.e. at 4 weeks after sowing, and
increased germination percentage of 7. chantrieri
seeds by 25% over hormone-free media (Fig. 3 and
4 B). Seeds immersed in 5 mgL ' GA, for 5 x 24 hours
had the final germination of 92% at 10 weeks after
sowing, compared to only 5% in the control, 67% with
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Table 1. Growth responses of T. chantrieri seedlings on MS supplemented with various concentrations of indole-acetic-
acid (IAA) and benzyl-adenine (BA) after 12 weeks of the culture

Responsive seedling

Treatment %) Shoot number Root number
0
Control 0 1.00 a 3.33
IAA 0.25 mg L™
BAmgL™"
1 66.67 4.33 ab 4.33
2 53.33 2.00 a 2.33
3 66.67 4.00 ab 4.33
IAA 0.50 mg L™
BAmgL™"
1 66.67 9.67b 3.00
2 100.00 7.33b 3.33
3 66.67 2.67a 3.67
* ns

Means followed by the different letters within one column are significantly different according to Fisher test at 5% (*)

Table 2. Growth responses of T. chantrieri shoot explants treated with various concentrations of indole-acetic-acid (IAA)
and benzyl-adenine (BA) at 8 weeks after culture

Survived culture Explants that formed Explants that formed

PGR %) callus new shoots Shoot number
’ (%) (%)
TAAmg L™
0.5 62.89 53.89a 69.67 7.03a
1.0 77.78 82.67b 67.00 4.72ab
1.5 65.33 53.67a 63.00 4.21b
ns * ns *
BAmgL™'
3 75.33 57.89 71.11 6.16
4 61.67 72.44 68.67 5.12
5 69.00 59.89 59.89 4.73
ns ns ns ns
IAA x BA ns ns ns ns

Means followed by the different letters within one column are significantly different according to Fisher test at 5% (*)
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the 1 x 24 hours, 87% with the 3 x 24 hour immersion
in GA, solution (Fig. 3).

Shoot proliferation. Tacca chantrieri seedlings on
the MS media supplemented with IAA and BA showed
significant increase in the number of shoot, whereas
seedlings on the MS medium without PGR only grew
one main shoot that grew taller and larger (Tab. 1).
Seedlings on MS supplemented with TAA 0.5 mg L™
and BA at 1 mg L' or 2 mg L! started developing
shoots at 4 weeks after culture establishment (data not
shown), and at 12 weeks had developed significant-
ly more new shoots (>7) than those on the other me-
dia (2-4; Fig. 4c; Tab. 1). The maximum responsive
seedling (100%) was obtained from MS supplemented
with 0.50 mg L' and BA at 2 mg L' (Tab. 2).

In the second subculture, basal shoot explants de-
veloped new shoots with addition of IAA and BA to
the MS medium (Tab. 2). The control explants were
excluded from statistical analysis as they only formed
callus. The percentage of survived culture were sim-
ilar across treatments (Tab. 2). Explants in the MS
media containing 1 mg L' of IAA formed the high-
est percentage of callus (82.67%) whereas explants in

the media containing 0.5 mg L' of IAA produced the
highest number of new shoots (7.03; Tab. 2). BA con-
centrations did not affect the percentage of explants
that formed callus or shoots, and the number of shoots
(Tab. 2).

Rooting and acclimatization of T. chantrieri. Ad-
dition of TAA from 0.1 to 0.5 mg L' to the MS medi-
um did not increase the number of roots per plantlet,
and explants on MS with TAA at 1 mg L' had fewer
root number compared to control (Tab. 3). Increasing
the BA concentrations from 1 to 3 mg L™! progressive-
ly reduced the root number (Tab. 3). After transfer to
the ex vitro environment >97% plants survived after
8 weeks, and the percentage of survived plants were
similar across treatments (Tab. 3, Fig. 4e and 4f).

DISCUSSION

This study demonstrated that only seeds from
overripe fruits that can germinate. Pre-sowing treat-
ment with 5 mg L' of GA, for 5 x 24 h, and sowing
the seeds on the MS media supplemented with GA, at
5 mg L significantly promoted earlier and high fi-

Table 3. Root number and root length of 7. chantrieri treated with various concentrations of indole-acetic-acid (IAA) and
benzyl-adenine (BA) on MS media at 33 weeks after culture and survived explants after acclimatization

PGR Root length (cm) Root number Survived explants at
4 weeks after 8 weeks after
acclimatization acclimatization
(%) (%)
Control 2.7+1.5 11.1+55a 100 100
IAA (mgL™)
0.1 23+1.2 10.1£59a 100 97.2
0.5 1.7 +£0.7 9.8+54a 100 97.2
1 1.9+1.1 89+54b 100 100
ns ns ns
BA (mgL™)
1 1.9+0.9 121+62a 100 97.2
2 19+1.1 9.7+60Db 100 97.2
3 2.1+1.2 74+37c¢ 100 100
ns ok ns ns
IAA-BA ns ns ns

Means followed by the different letters within one column are significantly different according to Fisher test at 5% (*) or at 1 % (**)
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nal germination (>90%) within 10 weeks after sowing
compared to without GA,, or immersing in GA, for
shorter durations of 1 and 3 days (Fig. 2). Previous
studies had reported 7. chantrieri germination of only
10-20% in vivo after 4 months [Krisantini et al. 2017],
and He et al. [2002] reported a germination rate of
12% after 8 months. Failure of seeds to germinate
can be caused by several reasons; seeds could be pro-
duced by unhealthy mother plants [Narayanaswamy
and Siddaraju 2011], seeds are physiologically im-
mature [Ayyub et al. 2007], seeds do not have fully
developed embryo [Forbis et al. 2002, Lafon-Placette
and Kohler 2014]. The source and age of the seeds
used in the previous report by He et al. [2002] were
not specified. 7. chantrieri seeds in the current study
were sown within three days after harvesting the fruits
from the well-maintained stock plants grown under
a shaded structure. We hypothesized that the viabili-
ty of T chantrieri seeds decreases quickly over time,
which perhaps had differentiated the results of our
study from the previous studies reporting poor germi-
nation of 7. chantrieri seeds. This hypothesis, howev-
er, needs further confirmation, as no study has report-
ed seed viability and germination rates of 7. chantrieri
seeds of different maturity stages, or duration of seed
storage after harvest. The optimum growing environ-
ment of the stock plants in this study had likely to re-
sult in good quality seeds.

Gibberellic acids, particularly GA,, GA,, and GA_,
can break seed dormancy of a number of crops includ-
ing Solanum sp. [Gisbert et al. 2011], Myrica rubra
[Chen et al. 2008], Penstemon digitalis [De Mello
et al. 2009] and Brassica tournefortii [Mahajan et
al. 2018]. GA action on germination promotion was
related to enhanced mobilization of food reserves in
the seeds [Subedi and Bhattarai 2006], whereas GA
effects on seed germination in Myrica rubra [Chen et
al. 2008] were through promotion of embryo growth.
It is possible that a similar system occurs in 7. chan-
trieri. The germination protocol using GA, from this
study has provided a significant improvement for
T. chantrieri germination in vitro, which could be use-
ful for the future studies on 7. chantrieri propagation
and could be tested to other Tacca species.

Auxin and cytokinin interacted in regulating plant
development, including meristem formation [Su et al.
2011]. It is important to have an optimal ratio of auxin
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to cytokinin during cell division and differentiation of
plant tissues [Bashan and de-Bashan2010]; the change
of auxin to cytokinin ratio could affect shoot prolifer-
ation [Clayton et al. 1990]. BA has been widely used
for in vitro shoot induction of different crops includ-
ing legumes [Aasim et al. 2010]. Benzyl-adenine is
a relatively stable compound and inexpensive com-
pared to e.g. zeatin and isopentenyladenine [Bashan
and de-Bashan 2010]. Depending on the crop species
and cultivars, BA in combination with IAA was more
effective for in vitro shoot regeneration compared to
BA and a synthetic auxin NAA [Aasim et al. 2010].
However, the effective type of cytokinin and its opti-
mal concentration might vary with the crops and cul-
ture [Park et al. 2008]. pOur study demonstrated that
media with TAA at 0.5 mg L' combined with BA at
1 or 2 mg L' had more shoot proliferation compared
to the other treatments (Tab. 1). When basal shoots
from the germinated seedlings were cultured on MS
containing 0.5, 1 and 1.5 mg L' of IAA, explants on
TAA at 0.5 mg L' had a higher percentage of prolif-
eration and number of shoots per explant than IAA at
higher concentrations (Tab. 2) whereas increasing BA
concentrations from 3 to 5 mg L' did not affect shoot
proliferation (Tab. 2).

At rooting stage, addition of IAA to the MS me-
dia in our system did not increase root formation
whereas adding TAA at 1 mg L', BAat2 or 3 mg L'
significantly reduced root formation over control
(Tab. 3). The survival of the plantlets after acclimati-
zation across treatments were similar; at 8 weeks af-
ter acclimatization the survival rate was around 97%
(Tab. 3). The acclimatization results in this study are
comparable with the success rate of the other exper-
iments conducted in 7. leontopetaloides [Cepkova et
al. 2015]. No morphologically abnormal growth was
observed, and the plants developed new leaves within
8 weeks after transferring to the ex vifro environment.
These results showed that the in vitro propagation pro-
tocol developed in this study resulted in viable plants.

CONCLUSIONS
Only seeds collected from overripe fruits that can
germinate. 7. chantrieri seed germination can be pro-

moted by imbibing the seeds in the 5 mg L' of GA,
solution for 5 days, followed by sowing into MS me-
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dia supplemented with 5 mg L™ GA,. MS media sup-
plemented with indole acetic acid at 0.5 mg L' and
benzyl adenine at 1 or 2 mg L' was effective to induce
shoot proliferation of in vitro germinated seeds;
7—-10 shoots were produced after 12 weeks of culture.
Rooted plantlets were successfully acclimatized with
97-100% survival. The present protocol to propagate
T. chantrieri have provided a basis for further propa-
gation studies of this species.
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