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Abstract
In this study, different concentrations of 6-benzyladenine (BA) on in vitro shoot and inflorescence inductions of 
P. lanceolata were investigated. The in vivo and in vitro floral characteristics of this plant were also compared. 
Nodal explants of P. lanceolata were cultured vertically with the cut ends inserted into semi-solid Murashige and 
Skoog (MS) medium supplemented with 0, 0.5, 1, 2, 4, and 8 mg L–1 BA. The results showed that the explants 
formed the highest numbers of shoots even when cultured in MS basal medium without any addition of BA, 
while the shoots formed in the explants cultured in MS medium supplemented with 1 mg L–1 BA were the longest. 
No inflorescence was found in the shoots cultured in MS medium supplemented with 8 mg L–1 BA, while the  
highest percentage of inflorescence induction was found in the shoots cultured in the medium supplemented 
with 0.5 mg L–1 BA. The apperances of in vivo and in vitro flowers of P. lanceolata were the same in many 
aspects except that the number of flower/inflorescence formed was different. In addition, water accumulation 
was observed only inside the in vitro flowers. Water deposit in the long tubular structure of P. lanceolata flower 
could cause anther injury, suggesting that flowers developed in vitro may not always produce pollen.
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1 Introduction

The beautiful inflorescence of Pentas lanceolata  
(Forssk.) Deflers makes this ornamental plant well-
known and widely grown in Thailand. It is thought 
to originate from tropical East Africa to Arabia and 
is planted later all over the tropical and subtropical 
areas. It belongs to the Rubiaceae family and contains 
a terminal inflorescence of umbel-like form. There are 
many flowers in an inflorescence, which has a narrow 
cylindrical tube and star-shaped petal with various 
shades of colors (i.e., red, pale violet, pink, and white, 
or sometimes of 2 tone-color) [1]–[3].
 The inflorescence of P. lanceolata is attractive 
to many insects, including butterflies and bees. A  
butterfly garden is constructed with P. lanceolata  for 

this purpose. In ethnobotany, the plant is principally 
used against lung diseases and for wound-healing or 
as an anti-malarial and analgesic drug [4], [5].
 Induction of a single in vitro flower has been 
reported in many studies, but there are few studies on 
inflorescence initiation under aseptic conditions. To  
induce inflorescence in vitro, plant growth regulator 
might be one of the factors. After 10 months of subculture,  
 inflorescence was initiated in multiple shoots of 
bamboo from nodal explants cultured in MS medium 
containing 0.1 mg L–1 thidiazuron, [6], while plantlets 
derived from nodal explants of common cockscomb 
produced inflorescence when cultured in MS medium 
supplemented with 0.5 mg L–1 6-benzyladenine (BA) 
for 5 weeks [7]. In the case of Dioscorea zingiberensis, 
explants cultured in MS medium supplemented with 
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either kinetin, 1-naphthalene acetic acid, or indole-
3-acetic acid could not induce inflorescence formation,  
but those cultures in medium with BA were able 
to initiate inflorescence formation. The maximum 
percentage of inflorescence induction was achieved 
with a combination of 2 mg L–1 BA and 0.5 mg L–1 
indole-3-butyric acid [8]. Therefore, in the literature,  
BA appears to be a plant growth regulator that 
could promote shoot development and inflorescence  
formation in explants during in vitro culture. Since 
there is no prior published study on successful  
micropropagation and inflorescence induction in P.  
lanceolata , the objective of the present study was to fill 
in this knowledge gap, and to investigate if different BA 
concentrations could induce shoot and inflorescence  
formation in nodal explants of P. lanceolata in vitro. 
A comparative study of the characteristics of in vitro 
and in vitro flowers was also carried out.

2 Materials and Methods

2.1  Plant material

Pot plants of Pentas lanceolata cv. Lucky Star Deep Pink 
was obtained from the Chatuchak market, Bangkok,  
Thailand. It was planted and sold in a pot under  
uncontrolled open-air conditions. Plant age was around 
4–5 months old.

2.2  Surface sterilization

Nodal parts (1.5 cm length each) of P. lanceolata 
were excised and cleaned under running tap water 
for 45 min. Then, they were soaked in 10% (v/v) 
plant- based detergent [St. Andrews Vegetable and 
Fruit Washing Liquid containing plant cleansers 
including fatty alcohol from coconut and palm oil, 
Lion company (Thailand) Ltd., Thailand] for 30 min  
and washed again under running tap water for 45 
min. After this, the nodal explants were surface  
sterilized to control bacterial and fungal contaminants  
with 70% (v/v) ethyl alcohol for 2 min before  
rinsing with sterile distilled water for 2 min. In 
the final step, the nodal explants were immersed 
in a solution containing of 10% (v/v) Clorox and 4 
drops of Tween 20 for 5 min before being washed 
in steriled and distilled water 3 times with 3-min 
soaking for each time. 

2.3  Micropropagation and in vitro inflorescence 
investigation

After surface disinfestation, the nodal explants of P. 
lanceolata were cultured vertically with the cut ends 
inserted into semi-solid MS medium [9]  supplemented 
with 0, 0.5, 1, 2, 4, and 8 mg L–1 BA (Sigma, St. Louis, 
USA). Then, they were kept in a growth room (16 h of 
lighting from white fluorescent lamps (21.78 μmol m–2 
s–1) and 8 h of darkness under 25 ± 2 °C) for 6 weeks 
to investigate the effect of BA on shoot number and 
length, and for 2 more weeks to determine inflorescence  
initiation percentage, the number of inflorescences, 
and the number of flowers per inflorescence.
 The stages of in vivo and in vitro flowers were 
classified, and flowers at the full bloom of both in 
vivo and in vitro were compared. In vivo and in vitro 
flowers were also cut open to examine anther under a  
stereomicroscope (EMZ-TR, Meiji Techno Co., Ltd.). 
If pollen was present, their sizes were observed under 
a light microscope (ML2000, Meiji Techno Co., Ltd.)  
before and after staining with 0.5% (w/v) acetocarmine.  
The percentage of pollen viability was also determined 
after counting the number of the red stained pollen and 
the non-viable pollen which was unstained.

2.4  Statistical analysis 

Means of shoot number and length, inflorescence  
number/jar, flower/inflorescence number were compared  
using Duncan’s Multiple Range Test (p < 0.05). Means 
of flower length, petal, stamen, carpel number, flower 
number/inflorescence, and pollen size were compared 
using Independent Sample t-Test (p < 0.05).

3 Results and Discussion

3.1  Nodal explant culture of Pentas lanceolata

Pentas lanceolata flowers all year round, but the 
best flower quality is found in summer. It has been  
recommended to propagate P. lanceolata  vegetatively 
via the terminal stem cuttings [10]. In this research, 
vegetative propagation of this ornamental plant  
species was attempted using nodal segments cultured 
in vitro. Surface sterilization is one of the problems on 
starting plant tissue culture from pot plants grown in 
commercial sites, which may generally harbor many 
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microorganisms from the air or growing media. In our 
preliminary test, it was found that surface sterilization  
with 70% ethyl alcohol was a necessary step to eliminate  
microorganisms, such as bacteria and fungi, from nodal 
parts of P. lanceolata. Without this step, all the explants 
were contaminated. However, including ethyl alcohol 
in surface disinfestation resulted in about 83.33% 
contamination-free nodal explants of P. lanceolata.
 All P. lanceolata nodal explants were able to 
form shoots when placed vertically with their basal 
parts inserted into MS agar medium supplemented with 
various concentrations of BA for 6 weeks (Table 1).  
This observation suggested that the isolation of the 
nodal explant from the apical shoot dominance effect 
was enough for the development of axillary shoot buds 
in the nodal explants without an exogenous BA in the 
medium. A possible explanation for this is that removal 
of the terminal shoot apical tip is known to promote 
cytokinin content in the axillary buds of the nodes for 
shoot development [11] and the sugar supplied in the 
culture medium is also critical to trigger axillary shoot 
induction from the nodal explants [12]. The nodal 
explants of many plants from Rubiaceae responded 
very well to BA in the medium for shoot induction. A 
higher number of shoots per nodal explant of Morinda 
officinalis and Gynochthodes umbellata was observed 
after culturing in MS medium supplemented with 
BA compared to other cytokinins, e.g., kinetin and 
thidiazuron [13], [14]. Therefore, it is possible that the 
requirements for exogenous cytokinin or BA to induce 
shoot development  from the nodal explants may be 
dependent on the plants studied. For P. lanceolata, 
the number of shoot/jar was not significantly different 
in MS basal medium without any BA or with up to  
4 mg L–1 BA (Table 1). This finding was different from 
those in M. officinalis and G. umbellata. The number 
of shoot per jar was significantly different when the 
explants were cultured on medium supplemented with 
8 mg L–1 BA than with 0 mg L–1 BA. Interestingly, 
P. lanceolata nodal explants appeared to exhibit the 
longest shoot length per jar when cultured in MS  
medium supplemented with 1 mg L–1 BA although 
there was no significant difference among those  
cultured in medium from 0 and up to 4 mg L–1 BA 
(Table 1). The shoot length was significantly lower 
when cultured in medium supplemented with 8 mg L–1 
BA than with 1 mg L–1 BA (Table 1). In conclusion, 
exogenous BA is not needed for shoot development 

from P. lanceolata nodal explants.

Table 1: Shoot induction percentage, the average 
number and length of shoot/jar in nodal explants of 
Pentas lanceolata cultured in semi-solid MS medium 
supplemented with different concentrations of BA for 
6 weeks

MS+BA 
(mg L–1)

% Shoot 
Induction

No. of Shoot/
jar ± S.E.

Length of Shoot/
jar ± S.E. (cm)

0 100 2.00 ± 0.00 b 2.42 ± 0.20 ab
0.5 100 1.83 ± 0.17 ab 3.42 ± 1.03 ab
1 100 1.50 ± 0.22 ab 5.00 ± 1.35 b
2 100 1.83 ± 0.17 ab 3.58 ± 1.24 ab
4 100 1.83 ± 0.17 ab 2.25 ± 0.73 ab
8 100 1.30 ± 0.21 a 0.75 ± 0.11 a

Data are mean ± SE from 6 replications (1 nodal explant in each 
jar and there were 6 jars in total), and the means within the same 
column with different letters are significantly different (p < 0.05). 
% of shoot induction = number of jars with emerging shoots divided 
by 6 jars x 100%.

3.2  In vitro inflorescence of Pentas lanceolata

In vitro inflorescence in Rubiaceae was rarely reported. 
Shoot culture of Ixora coccinea formed inflorescence 
after culturing on woody plant medium (WPM)  
supplemented with 0.56 mg L–1 BA for 8 weeks, while 
in Oldenlandia umbellate a medium supplemented 
with 1.5 mg L–1 BA, 0.7 mg L–1 NAA and 0.4% coconut 
water was required to induce the maximum number 
of in vitro inflorescence [15], [16]. In this research, a 
new shoot grown from the axillary bud of P. lanceolata 
nodal explants on MS medium supplemented with 
0.5 mg L–1 BA exhibited floral bud development after 
around 6 weeks of culturing, while no floral bud was 
found in the shoots cultured in media supplemented 
with other BA concentrations (data not shown). After 
8 weeks of culture, no inflorescence was found in MS 
medium supplemented with 8 mg L–1 BA, whereas 
the shoots cultured in the medium supplemented with  
0.5 mg L–1 BA exhibited the highest percentage of  
inflorescence induction (Table 2 and Figure 1). There was 
no significant difference in the number of inflorescence  
per jar and the number of flower per inflorescence when 
the explants were cultured in various concentrations  
of BA (Table 2). Thus, for P. lanceolata, a low  
concentration of BA promoted in vitro inflorescence 
formation, while a high BA concentration inhibited 
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floral formation in vitro. This result was similar to 
that from studies on explants of  Dianthus chinensis 
cultivars, which formed more flowers on a medium  
supplemented with 0.56 mg L–1 BA than that  
supplemented with 1.13 mg L–1 BA [17].

Table 2: Inflorescence induction percentage, the average  
number of inflorescence/jar and average number of 
flower/inflorescence after nodal explants of Pentas 
lanceolata were cultured in semi-solid MS medium 
supplemented with different concentrations of BA 
for 8 weeks

MS+BA 
(mg L–1)

% Inflorescence 
Induction

No. of 
Inflorescence/

jar ± S.E.

No. of Flower/
Inflorescence 

± S.E.
0 16.67 0.17 ± 0.17 ab 1.33 ± 1.33 ab

0.5 50 1.00 ± 0.45 b 5.67 ± 2.74 b
1 16.67 0.17 ± 0.17 ab 1.17 ± 1.17 ab
2 16.67 0.17 ± 0.17 ab 1.50 ± 1.50 ab
4 16.67 0.17 ± 0.17 ab 0.67 ± 0.67 a
8 0 0.00 ± 0.00 a 0.00 ± 0.00 a

Data are mean ± SE from 6 replications (1 nodal explant in each 
jar and there were 6 jars in total), and the means within the same 
column with different letters are significantly different (p < 0.05). 
% of inflorescence induction = numbers of jars with emerging 
inflorescence divided by 6 jars x 100%.

 During inflorescence development, the in vivo 
and in vitro flowers of P. lanceolata were compared 
and classified into 5 stages, as shown in Figure 2. The 
results revealed that all the characteristics studied such 
as floral length at the full bloom, numbers of petals,  
stamen, and carpel of both sources were similar except the 
number of flower/inflorescence (Table 3). The similarity  
of in vivo and in vitro flowers in an inflorescence 
might depend on the species or family. In common 
cockscomb and feathered amaranth (Amaranthaceae), 
florets from both sources largely contained the same 
numbers and characters of floral parts, except the size 

[7], [18]. However, in P. lanceolata and O. umbellate 
(Rubiaceae), all floral characters of in vivo and in vitro  
flowers, even the size, were the same [16]. In conclusion,  
the best condition for inflorescence induction from shoots  
of P. lanceolata nodal explants, is the culturing of the  
explants in MS medium supplemented with 0.5 mg L–1 
BA.

Table 3: Flower characters of in vivo and in vitro 
flower of Pentas lanceolata

Flower Characters In vivo Flower In vitro Flower
Length at the full bloom (mm) X 19.70 ± 0.12 a 19.64 ± 0.13 a
No. of petal X 5.00 ± 0.00 a 5.00 ± 0.00 a
No. of stamen X 5.00 ± 0.00 a 5.00 ± 0.00 a
No. of carpel X 1.00 ± 0.00 a 1.00 ± 0.00 a
No. of flower/inflorescence Y 20.30 ± 1.25 a 6.20 ± 0.65 b

Note: X = Data are mean ± SE from 50 flowers and, Y = Data are 
mean±SE from 10 flowers. Means within the same row with different 
letters are significantly different (p < 0.05).

Figure 1: Inflorescence formation on new shoots emerging from nodal explants cultured in semi-solid MS 
medium supplemented with 0, 0.5, 1, 2, and 4 mg L–1 BA (a to e, respectively) for 8 weeks. Scale bar = 0.5 cm.

Figure 2: Five developmental stages of in vivo (a) and 
in vitro (b) flowers of Pentas lanceolata. From left to 
right were stages 1 to 5, respectively. Scale bar = 1 cm. 
The in vitro flowers of  different stages were collected 
randomly from the shoots formed in vitro in semi-solid 
MS  medium without exogenous BA for 8 weeks and 
the in vivo flowers were collected randomly from pot 
plants grown outdoors.
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3.3  In vivo and in vitro pollen of Pentas lanceolata

In vitro pollen in Rubiaceae has also never been  
investigated. In this experiment, we tried to observe both 
in vivo and in vitro pollen. After further investigation  
into the inside of the in vivo and in vitro flowers of P. 
lanceolata, the in vivo anthers looked normal and could 
release pollen at stage 3 flower [Figure 3(a) and (c)], 
while atrophied and necrotic anthers were found in the 
in vitro flowers at stage 2 [Figure 3(b)], and these in vitro  
anthers turned brown at stage 3 flower [Figure 3(d)].  
Moreover, water was also found only inside the long 
tubular structure of the in vitro flower after being cut 
open. The accumulation of water inside the in vitro 
flower might occur from the very high humidity in the 
container during culture. Then, this wet environment  
caused anther atrophy, necrosis, and death, and no pollen  
was obtained under this condition. Under the controlled  
condition, Cistus incanus and Myrtus communis pollen  
rapidly lost their viability at high humidity [19]. This 
result suggested that high humidity affected some 
plants’ pollen viability, but in the present research, very 
high humidity was correlated with anther viability in 
vitro. Thus, only in vivo pollen of P. lanceolata could 
be examined further.
 The in vivo pollen of P. lanceolata, before staining,  
could be classified into 2 groups, large and small,  
according to the pollen size under a compound light 
microscope [Table 4 and Figure 4(a)]. After being 
stained with 0.5% acetocarmine, the pollen viability  
percentage was around 75.71 (data from 30 replications)  
and stained red, while the non-viable pollen was 
unstained [Figure 4(b)]. The shape of viable pollen 

changed from rectangle to round one, while the non-
viable pollen was oval [Table 5 and Figure 4(b)].  
The fertility of P. lanceolata pollen in vivo was 
nearly similar to that of Ixora coccinea cv. ‘Dwarf Red  
Coccinea’ (72.05%), though the unstained pollen shape 
was dissimilar to that of this Rubiaceae plant [20].

Table 4: Pentas lanceolata pollen size from in vivo 
flower before staining with 0.5% (w/v) acetocarmine

Type of Pollen Width (µm) Length (µm)
Large size 13.50 ± 0.15 a 24.79 ± 0.15 a
Small size 8.21 ± 0.15 b 16.06 ± 0.20 b

Note: Data are mean±SE from 100 pollen, and means within the same 
column with different letters are significantly different (p < 0.05).

Table 5: Pentas lanceolata pollen size of in vivo  
flowers after staining with 0.5% (w/v) acetocarmine

Type of pollen
Viable Pollen Non-viable Pollen

Diameter (µm) Width (µm) Length (µm)
25.77 ± 0.17 12.04 ± 0.16 19.22 ± 0.26

Note: Data are mean ± SE from 100 pollen.

 Based on the present research, it seems possible 

Figure 3: Characteristic of Pentas lanceolata anther: (a) and (b) from in vivo and in vitro flowers, respectively, 
at stage 2 (Scale bar = 1 mm), (c) and (d) from in vivo and in vitro flowers, respectively, at stage 3. Scale bar = 
0.5 mm. The anthers were from in vitro flowers of different stages collected randomly from the shoots formed 
in vitro in semi-solid MS  medium without exogenous BA for 8 weeks and the in vivo flowers were collected 
randomly from pot plants grown outdoors.

Figure 4: Pollens of in vivo Pentas lanceolata flowers: 
(a) before and (b) after staining. Scale bar = 20 µm.

(a) (b) (c) (d)
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that the in vivo and in vitro pollen in Rubiaceae has 
never been compared due to the unavailability of in 
vitro pollen in this family. Although in vitro flowers  
of many plant families could produce flowers or  
inflorescence in vitro, it may be possible that these may 
not always produce pollen. Nevertheless, it is important  
to note that for P. lanceolata, it was the lifespan of the 
in vitro inflorescence was prolonged for more than  
30 days (some could persist until 60 days), whereas 
that of the in vivo inflorescence bloomed on the plant 
for only around 7–14 days. This observation might be 
of practical value, for example, in vitro inflorescence 
of P. lanceolata as a test-tube gift or as a novel product 
in the bouquet industry [18].

4 Conclusions

Though micropropagation of Pentas lanceolata 
nodal explant might not require BA, the length of the  
regenerated shoot seemed to be enhanced in the presence  
of added BA. Besides, it also affected the inflorescence  
induction percentage, the average number of  
inflorescence/jar, and the average number of flower/
inflorescence of P. lanceolata. The prolonged lifespan 
of the beautiful inflorescence blooming in vitro of P. 
lanceolata may be worthly for further application 
as well. This might lead to a novel ornamental gift  
product from this plant biotechnology research.
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