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Abstract

Passiflora caerulea L. is a herbaceous climber that belongs to the Passifloraceae family. One of the most impor-
tant techniques used in plant biotechnology is tissue culture, which allows for the mass production of pathogen-
free plants. Cotyledonary nodes have a great potential for shoot proliferation; however, to the best of our
knowledge there are no reports regarding plant regeneration from cotyledonary nodes of P. caerulea. Therefore,
this study aimed to evaluate the potential of two different types of explants (shoot tips and cotyledonary nodes)
to obtain shoot multiplication of P. caerulea. Various concentrations of 6-benzylaminopurine (BAP) (0.5, 1, and
1.5 mg/l), 6-furfurylaminopurine (kinetin, KIN) (1 and 2 mg/l), and thidiazuron (TDZ) (0.25, 0.5, and 1 mg/l) in
combination with indole butyric acid (IBA) were used in a completely randomized design, in three replications.
The results showed that the highest percentage of regeneration frequency (90%) and a maximum number of
shoots (8.86) in cotyledonary node explants were obtained on MS medium supplemented with 1.5 mg/l BAP along
with 0.15 mg/l IBA. Furthermore, in the shoot tip explants, the percentage of regeneration rate (96.66%) and the
highest number of shoots (9.86) were obtained in the above-mentioned medium. In rooting experiments, the
maximum rooting percentage (90%) was obtained on MS medium containing 1 mg/l IBA. In vitro-raised plantlets
were placed in pots and were stored in soil under room temperature for 20 to 30 days before planting, and it
showed more than 90% survival rate. Based on our results, the protocol described in this study has a high
potential to be used in the micropropagation of this valuable plant.
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Introduction

In vitro propagation of plants is a useful and efficient
technique that allows for the mass production of virus-
free plants. Tissue and organ culture has been widely
used for mass production (Hesami and Daneshvar,
2016). With respect to the application of tissue culture
techniques in the propagation of ornamental and medi-
cinal plants, most studies have focused on two goals:
mass production of plants and the production of disease-
free plants (Yang et al., 2010). Indirect shoot organo-
genesis, as one of the methods of plant tissue culture,
has some disadvantages: it is a time-consuming process,
and it creates wide somaclonal varieties with morpho-
logical abnormalities. However, direct shoot organo-

genesis is an efficient method for the micropropagation
because of its high potentiality of production of a large
number of plants that are genetically identical to the
mother plant, without any genetic instability, in a short
time, (Lee and Phillips, 1987; Siwach and Gill, 2011).
Shoot multiplication is affected by many factors such as
plant species, growth medium, minerals, organic matter,
carbohydrates, plant growth regulators (PGRs), and en-
vironmental conditions. One of the most important fac-
tors is the effect of PGRs, for example, the type and
concentration of auxins and cytokinins (Pati et al., 2006).

Passion flower (Passiflora caerulea L.) is a climbing,
evergreen shrub or ivy (Montanher et al., 2007) that
belongs to Passifloraceae family. Passiflora species are
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spread in tropical and warm temperate regions of the
world (Jafari et al., 2016). They are also grown in the
northern parts of Iran, but unfortunately, there is little
information about the history of this plant in Iran (Mo-
zaffarian, 1996). Passion flower propagation can be
achieved through seeds, which may limit its large-scale
production because of low seed germination and plant’s
susceptibility to viral pathogens such as passion fruit
woodiness virus and cowpea aphid-borne mosaic virus
(Nascimento et al., 2012). Tissue culture is an alter-
native technique to control viral diseases and produce
plants with high genetic uniformity (Gioria et al., 2000).
In vitro propagation of P. caerulea has been performed
through direct organogenesis by some researchers (Ra-
gavendran et al., 2012; Anand et al., 2012; Vieira et al.,
2014). Direct organogenesis of other Passiflora species
has also been reported by several researchers. For ex-
ample, Anand and coworkers (2012) investigated direct
organogenesis of Passiflora foetida using node explants.
They reported that the highest percentage of shoot re-
generation was obtained on Murashige and Skoog (MS)
medium containing 2 mg/l 6-benzylaminopurine (BAP)
along with 1 mg/l 6-furfurylaminopurine (kinetin, KIN).
In another study, Shekhawat and coworkers (2015),
reported that 100% regeneration of Passiflora edulis was
achieved on MS medium containing 2 mg/l of BAP for
node explants.

Considering the important role of micropropagation
technique in regeneration protocols, one of the goals of
studies on tissue culture is to provide convenient and
efficient methods for rapid organogenesis and mass pro-
duction of plants under in vitro conditions, which can
provide appropriate ground for other research such as
genetic engineering. Previous studies on various plants
such as Sterculia urens (Purohit and Dave, 1996), Dal-
bergia sissoo (Pradhan et al., 1998), Cassia sophera
(Parveen and Shahzad, 2010), and Stereospermum sua-
veolens (Darshini et al., 2014) have shown that cotyle-
donary node explants have a great potential for shoot
proliferation. However, based on the available literature,
to date, there is no report on shoot proliferation of
passion flower using cotyledonary node explants. There-
fore, in this study, we aimed to evaluate the potential of
cotyledonary nodes and shoot tip explants on shoot
proliferation of P. caerulea by using different concentra-
tions of growth regulators.

Materials and methods

Plant material

This study was conducted at the Department of
Horticulture Science, Ramin Agriculture and Natural Re-
sources University, Khuzestan, Iran. At first, to elimi-
nate surface contamination, seeds were washed for
30 min under tap water. The seeds were then surface
sterilized, with 70% ethyl alcohol for 40 s and then dip-
ped in 10% sodium hypochlorite solution for 10 min
(with 5% active chlorine) under a laminar air flow cham-
ber. Then, the seeds were washed thrice in sterilized
distilled water, for 3-5 min each time. In order to achieve
seed germination and production of seedlings free from
pollution and in order to prepare explants, seeds, after
being surface sterilized, were cultured in a one-tenth
strength MS medium, and all cultures were incubated in
a culture room at 25 ± 2EC in light of 65 μmol m!2s!1.
Explants including shoot tips and cotyledonary node
segments were prepared from in vitro-grown seedlings
(Fig. 1A).

Effects of PGRs on shoot regeneration

Explants (shoot tips and cotyledonary node seg-
ments) were cut into sections of 5-7 mm in length and
were placed horizontally in MS medium containing 0.5,
1, 1.5 mg/l BAP; 1 and 2 mg/l KN; or 0.25, 0.5, and
1 mg/l thidiazuron (TDZ) in combination with indole
butyric acid (IBA). Cytokinin to IBA ratio in the medium
was 10:1. The basic culture medium consisted of MS
medium (1962) fortified with 30 g/l sucrose as a source
of carbohydrates and 7 g/l agar used to solidify the me-
dium. Before adding agar, the pH of the medium was
adjusted to 5.8. Glasswares containing the medium were
disinfected using an autoclave at a temperature of
121.5EC and pressure of 15 psi for 20 min. After placing
the explants in the medium, culture dishes were main-
tained in a growth chamber at 25 ± 2EC under 16 h
photoperiod. The light intensity was 65 μmol m!2s!1.
Parameters including regeneration rate, number, and
length of shoots were recorded after 6 weeks of growth.

Root formation and acclimatization

After the stage of organogenesis, shoots formed
from cotyledonary node explants (2 to 3 cm) were used
for rooting stage. Modified MS medium with IBA,
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1-naphthaleneacetic acid (NAA), or indole-3-acetic acid
(IAA) at 0.5, 1, and 2 mg/l and medium without PGRs
(control) were used for rooting the shoots. Parameters,
including rooting frequency, number, and length of roots
were recorded after 5 weeks of growth. Plantlets with
desirable shoots and leaves as well as strong roots were
transferred to sterile pots containing perlite mixed with
cocopeat (ratio 1 : 1) for acclimatization purposes and
were kept in a growth chamber for 20 to 30 days. They
were finally transferred to a greenhouse and the survival
rate of plantlets was recorded.

Statistical analysis

All experiments were performed with completely
randomized design in three replications (each replica-
tion consisted of 10 samples). Statistical analysis of
these tests was performed using the SAS (9.3) software
and mean comparison was tested with Duncan’s multiple
range test (P < 0.05).

Results and discussion

Effects of PGRs on shoot regeneration

Nowadays, tissue culture is considered by ornamen-
tal and medicinal plants growers as a technique for rapid
and homogeneous production of high-quality plants as
well as the production of pathogen-free plants at a com-
mercial level (Sammaiah et al., 2011). Production of la-
teral shoots is one of the parameters that is important in
tissue culture because lateral shoots can be separated in
the subculture stage and each one can be cultured as
a separate sample, thereby increasing the proliferation
speed. Regeneration is an extremely complex process,
affected by multiple qualitative and quantitative factors
such as genotype, culture medium, PGRs (cytokinins and
auxins), agar, type, size, age, the position of explants,
and duration of light intensity (Gattuso et al., 2003). Ex-
ogenous PGRs can stimulate cell division, cell growth,
and cell differentiation in the medium. So far, few stu-
dies have been reported in the field of direct regenera-
tion and effects of different concentrations of PGRs on
micropropagation of P. caerulea (Busilacchi et al., 2008;
Ozarowski et al., 2013; Prithrivaj et al., 2015); there are
also several reports on other species of this genus, such
as P. foetida  (Anand et al., 2012), Passiflora setacea
(Vieira et al., 2014), P. edulis ) Nhut et al., 2007) and
Passiflora cincinnata (Da Silva et al., 2011). Shoot proli-

feration protocol via cotyledonary nodes and shoot tip
segments as explants presented in this study, has im-
portant advantages such as large-scale production in
a short period of time. In this study, type and concentra-
tion of cytokinins (BAP, KIN, and TDZ) in combination
with an auxin (IBA) gave different effects on shoot pro-
liferation of cotyledonary node and shoot tip explants
(Table 1). After 6 weeks of culturing P. caerulea ex-
plants in different media, the explants showed different
rate of regeneration. The presented results showed that
the highest regeneration rate of cotyledonary node ex-
plants of P. caerulea  (90%) and the highest number of
shoots (8.86) were achieved in MS medium supplemen-
ted with 1.5 mg/l BAP along with 0.15 mg/l IBA
(Fig. 1B), which showed a significant difference com-
pared with other treatments. No regeneration response
was recorded in the explants cultured on basal MS me-
dium without PGRs (control treatment). Furthermore,
the presented results of the effect of different concentra-
tions of growth regulators on the regeneration of shoot
tip explants of P. caerulea after 6 weeks of incubation
showed that the highest regeneration rate (96.66%), as
well as the highest number of shoots (9.86), was obtai-
ned on MS medium containing 1.5 mg/l BAP and
0.15 mg/l IBA (Fig. 1C), which showed a significant diffe-
rence when compared with other treatment conditions.
No response was observed in control medium (Table 1).
This test showed that the number of shoots and the
regeneration rate increased in the shoot tip and cotyle-
donary node explants with an increase in the BAP con-
centration from 0.5 to 1.5 mg/l. But the regeneration
rate and the number of shoots were significantly reduced
when the concentration of TDZ hormone increased from
0.25 to 1.0 mg/l (Table 1). Similar to our results, Ning
and coworkers (2007) reported that the number of
shoots per explant of Prunus mume decreased by in-
creasing TDZ concentration. In this study, the MS me-
dium containing BAP in combination with IBA was the
best treatment for regenerating both explant types
(cotyledonary nodes and shoot tip segments). These
results are in line with the findings of Ragavendran and
coworkers (2012) who showed that BAP compared with
TDZ and KIN is more effective in explant regeneration.
Furthermore, Anand and coworkers (2012) reported
that the maximum shoot regeneration of P. foetida via
nodal segments was observed in MS medium supple-
mented with 1.5 mg/l BAP and 0.5 mg/l NAA. In case of 
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Table 1. Effect of different plant growth regulators in MS medium on morphogenic response
of Passiflora caerulea from shoot tip and cotyledonary node explants

Plant Growth Regulators [mg/l] Shoot tips Cotyledonary node

BAP TDZ KIN IBA
organogenesis

frequency
[%]

shoot
number

organogenesis
frequency

[%]

shoot
number

0 0 0 0 0.00 
h

0.00 
g

0.00 
g

0.00 
i

0.5 0 0 0.05 70.00 
c

6.23 
c

70.00 
b

5.63 
c

1.0 0 0 0.1 76.66 
b

8.16 
b

73.33 
b

7.13 
b

1.5 0 0 0.15 96.66 
a

9.86 
a

90.00 
a

8.86 
a

0 0.25 0 0.025 40.00 
e

4.06 
e

33.33 
d

3.73 
f

0 0.5 0 0.05 20.00 
g

2.83 
f

10.00 
f

2.16 
h

0 1.0 0 0.1 30.00 
f

3.23 
f

23.33 
e

3.03 
g

0 0 1.0 0.1 56.66 
d

3.13 
f

50.00 
c

4.13 
e

0 0 2.0 0.2 60.00 
d

5.20 
d

50.00 
c

4.63 
d

Note: MS – Murashige and Skoog; BAP – 6-aminobenzylpurine; KIN – 6-furfurylaminopurine; TDZ – thidia-
zuron; IBA – indole butyric acid. Mean comparison to the 5% level according to Duncan's multiple range test.
Columns with common characters, no significant difference

studies performed by other researchers, BAP turned out
to play an important role in the regeneration process,
which is consistent with the results obtained in our ex-
periments (Busilacchi et al., 2008; Ozarowski et al.,
2013; Prithrivaj et al., 2015). The balance between
auxins and cytokinins is an important morphogenic fac-
tor for the initial growth of shoots. The differentiation
process is also regulated by the relative concentration of
auxins and cytokinins in the growth medium (Murashige,
1980). Pasternak and coworkers (2000) reported that
auxins are involved in DNA replication and cytokinins
are necessary for plant cell division. In general, cyto-
kinins play multiple roles in the control of plant deve-
lopment such as cell cycle in plant cells, initiation and
lateral meristem activity, RNA and protein synthesis,
and stimulation and activation of enzymes involved in
the development of plants (Dobránszki and Da Silva,
2010). BAP can shift the apical dominance toward the
growth of lateral buds, which in turn leads to cell divi-
sion in the meristem cells and increased number of bran-
ches as well as increased cell division rate in lateral buds
(Gomez-Leyva et al., 2008).

Effect of IBA, IAA, and NAA on root formation

Rooting is a crucial step in the success of micropro-
pagation. Without effective root system, plant acclimati-
zation would be difficult, and the rate of plant propa-

gation might be severely affected. The process of root
formation is influenced by a number of internal and ex-
ternal factors. Among the internal factors, the most
important role is ascribed to phytohormones, especially
the auxins (Techato and Lim, 2000). Auxin-type and con-
centration significantly influence the root formation.
Auxins (IBA, NAA, and IAA) are needed only in the early
stages of the emergence of new roots. They also affect
the growth of newly formed roots (Dobránszki and Da
Silva, 2010). In our experiments, individual shoots with
2-3 leaves, grown to 1-2 cm long, were separated from
multiple shoots clump and inoculated to MS basal media
containing different concentrations of IBA (0.5, 1, and
2 mg/l), NAA (0.5, 1, and 2 mg/l), IAA (0.5, 1, and
2 mg/l), and without growth regulators (control) for
rooting. After 5 weeks of growth, the percentage of
shoots forming roots, the number of roots per shoot, and
the length of roots were recorded. The results of the
effect of different PGRs on the formation of roots sho-
wed that the maximum percentage of rooting (90%) and
the maximum number of roots (9.83) were observed in
MS medium supplemented with 1.0 mg/l IBA (Fig. 1D).
No rooting was observed on MS medium without PGRs
(control) (Table 2). In this study, IAA or NAA were less
effective than IBA in stimulating root formation. Like-
wise, Prithrivaj and coworkers (2015) reported that the
highest percentage of root formation of P. caerulea was 
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Fig. 1. Shoot proliferation of P. caerulea  from shoot tips and nodal segments. A – in vitro seed germination of P. caerulea,
B – induction of shoots in six weeks of culture from shoot tip explants, C – development and multiplication of shoots after six
weeks of culture from cotyledonary node explant, D – induction of roots in two weeks of culture, E – acclimatized regenerated

plants of 20 days old

observed on MS medium containing 0.5 mg/l IBA after
4 weeks of incubation. In other experiments, different
concentrations of auxins were used in the root formation
of P. caerulea (Busilacchi et al., 2008; Ozarowski et al.,
2013; Prithrivaj et al., 2015). Ragavendran and cowor-
kers (2012) and Anand and coworkers (2012) have re-
ported that 1 and 0.5 mg/l IBA, respectively, were
suitable for rooting of P. foetida. Bellamine and cowor-
kers (1998) also reported that IBA is more appropriate
than NAA and IAA in inducing the rooting process. IBA
is more stable and less sensitive to the degradation and
is slowly metabolized by the peroxidase enzyme; which
can be one of possible causes for better effect of IBA
compared to other auxins (Dobránszki and Da Silva,
2010). In general, auxin at low concentration favors root
initiation, whereas at higher concentration induces
callus formation (Kollmeier et al., 2000). Therefore, our
study showed that the production of callus in the root
formation stage can be increased exponentially by high
concentrations of IBA, which in turn, can exert a nega-
tive impact on roots. Thus, high concentrations of IBA

can weaken the roots and destroy a high percentage of
plants in the acclimatization stage. Similar results were
obtained by previous researchers. Kollemeier and co-
workers (2000) reported that callus formation, at the
end of the plantlet, can impair vascular connections be-
tween roots and shoots and can also prevent the absorp-
tion of water and nutrients. In order to sustain plant’s
life and increase its efficacy in various environmental
conditions, it is necessary to gradually change rhizo-
sphere in order for plants to withstand stresses (Gaspar
et al., 1996; Ludwig-Muller, 2000). Thus, after 3 weeks,
the plantlet was subcultured in the hormone-free me-
dium for 2 weeks under the complete concentration of
mineral elements. Subsequently, the newly formed roots
were observed.

Acclimatization

The rooted plants with expanded leaves and well-
developed roots were transferred to the pots containing
perlite and cocopeat (1 : 1). Normal growth for the
potted plants was observed after 25 to 30 days from the 
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Table 2. Effect of IAA, IBA and NAA on root induction in regenerated shoots
of Passiflora caerulea on MS medium

Growth regulator

Percent
of shoots

producing roots
[%]

Number
of roots/shoot

Control (Free of PGRs) 0.00 
h

0.00 
i

0.5 mg/l IBA 50.00 
c

7.10 
b

1.0 mg/l IBA 90.00 
a

9.83 
a

2.0 mg/l IBA 60.00 
b

6.26 
c

0.5 mg/l NAA 50.00 
c

3.93 
d

1.0 mg/l NAA 40.00 
d

3.20 
e

2.0 mg/l NAA 33.33 
e

2.13 
f

0.5 mg/l IAA 20.00 
f

1.60 
g

1.0 mg/l IAA 20.00 
f

1.23 
h

2.0 mg/l IAA 13.33 
g

1.06 
h

Note: MS – Murashige and Skoog; BAP – 6-aminobenzylpurine; NAA
– 1-naphthaleneacetic acid; IBA – indole butyric acid; PGRs – plant growth
regulators. Mean comparison to the 5% level according to Duncan’s multi-
ple range test. Columns with common characters, no significant difference

transfer. After this period, the pots were transferred to
a greenhouse, and 90% of the rooted plantlets survived
(Fig. 1E), which is somewhat in agreement with other
studies (e.g., Busilacchi and coworkers (2008), Ozarow-
ski and coworkers (2013), and Prithrivaj and coworkers
(2015)), where the authors used this method with dif-
ferent planting substratum for acclimatization. Da Silva
and coworkers (2011) acclimatized tissue culture plant-
lets of P. edulis on a mixture of coconut fiber and Plant-
max® (1 : 1) and obtained healthy plants.

Conclusions

The results of this study revealed that cotyledonary
nodes and shoot tip explants had the highest regenera-
tion rate in modified MS medium with 1.5 mg/l BAP
along with 0.15 mg/l IBA. Furthermore, our overall re-
sults showed that IBA was more effective in root forma-
tion of P. caerulea  when compared with NAA and IAA.
The described proliferation protocol has significant ad-
vantages such as large-scale production in a short period
of time and is considered not only as an aspect of in vitro
propagation of P. caerulea but also as a suitable tech-
nique for breeding and gene transfer purposes.
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