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In vitro regeneration of Passiflora foetida l. 
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ABSTRACT: 
 

 Passiflora foetida is an angiosperm plant with high medicinal value and is 
becoming less in natural communities. It is used as a bacteriocide, antidysentric and 
antilithic. Aqueous extracts of leaves or whole plants have been used to treat colic, 
colds, diarrhea, asthma, and sleeping problems.  P. foetida has quick and effective 
action in burn wounds and is recommended by Brazilian Drugs centre as an 
antirheumatic. The present study report an efficient in vitro regeneration protocol by 
using leaf, node, internode and shoot tip explants for this species. Explants are surface 
sterilized and inoculated in to culture medium with different concentration of growth 
regulators. The shoot tip derived callus effectively (76%) produced shoots in the MS 
medium containing BAP and NAA at 3.0 and 0.5 mg/l respectively. The nodal and 
shoot tip segments derived shoots and rooted effectively (70% & 80%) in the basal 
medium containing the auxin, IBA and IAA alone at 1.0 mg/l respectively. The nodal 
callus derived in vitro rooted shoots responded well (92%) in the hardening medium.  
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INTRODUCTION 

 India for many years has enjoyed a moderate 

harvest of purple passion fruit in the nilgiris in the 

South and in various parts of northern India. 

Passion fruit is an exotic and fast-growing 

perennial. It is a creeping vine like other members 

of the genus, and yields an edible fruit. The specific 

name, foetida means “stinking” in Latin and refers 

to the strong aroma emitted by damaged foliage 

(Flavia Guzzo et al., 2004). It grows as much as 30 

ft (10 m) tall, with a thick, woody stem. The stems 

are thin and wiry, covered with minute sticky 

yellow hairs (Figure. 1).The leaves are heart 

shaped three- to five lobed, alternate, arranged 

helically, with long-stalked glands and long fine 

hairs on margins, producing a disagreeable smell 

when crushed. The flowers are white to pale cream 

coloured, about 5-6 cm in diameter and bisexual. 

Passion fruit is mainly used in jams, jellies, and 

fruit juices. It is used for medicinal purposes as a 

sedative, as well as a food source. It is used for 

mood disorders (depression, anxiety, and stress). 

Young leaves and plant tips are edible. Dry leaves 

are used in Vietnamese folk medicine to relieve 

sleeping problems. The whole plant is used in the 

treatment of insomnia and anxiety. In India, it is 

traditionally used for diarrhea, throat and ear 

infections, liver disorders, tumors, itches, fever, 

skin diseases and for wound dressing (A. G. Ingale 

et al., 2010).  

 

MATERIALS AND METHODS 

In vitro regeneration 

 The application of tissue culture technology 

for the establishment of in vitro   regeneration of 

the study species has been done by following the 

methods as described below. 

 

Sources of plant materials 

     Healthy plant, Passiflora foetida were 

collected from the habitat of occurrence of in and 

around Coimbatore district. 

Explant selection and sterilization 

 Healthy and immature leaves shoot tip, 

nodal and intermodal segments of this species were 

used as explants. These segments were washed 

under running tap water followed by treatment with 

a surfactant, tween 20 (5% w/v) for five minutes. 

After repeated washes in double distilled water, to 

eliminate the fungal contamination explants were 

treated with the carbendazim (50% w/v), and with 

fungicide (10%) also for 15 minutes and rinsed with 

double distilled water 2 or 3 times. To eliminate 

bacterial contamination explants were also treated 

with 5% antibiotics (Ampicillin and Ribampicin) 

for 30 minutes followed by three rinses in sterile 

double distilled water (Shekhawat, M.S. et al., 

2007). Furthermore, surface sterilization was 

carried out by dipping the explants in 0.1% 

mercuric chloride for 3 minutes followed by 3-4 

rinses in sterilized double distilled water. 

Culture medium and its composition 

 MS (Murashige and Skoog, 1962) basal 

medium contains 3% sucrose solidified with 0.8% 

agar was used. The pH of the medium adjusted to 

5.8-5.9 prior to the addition of the agar. 

Preparation of medium 

 Double distilled water was used for 

preparing the medium. The nutrient medium 

basically consists of inorganic nutrients, carbon 

source, vitamins, irons and amino acids. The 

chemicals were weighed accurately in electronic 

weighing balance. All the stock solutions were 

prepared in and stored in well-stopped sterilized 

bottles and preserved in refrigerator at 4°C. Specific 

quantity of the stock solutions of the chemicals and 

growth regulators were pipette out onto a one liter 

beaker and required sucrose was added. The final 

volume was made up with distilled water and the 

pH was adjusted to 5.8-5.9 with 0.1N NaOH or 

0.1N HCL using a pH meter (M.E. Mohamed et al., 

1996).  The bottles after covering with a 

polyethylene cap were autoclaved at 1.06 kg 

pressure/sq cm for about 20 minutes at 121°C. The 

autoclaved medium in the culture bottles were 

cooled and allowed to solidify and it was stored in 

dark for further use. The inoculations were done 

after four days to ensure that the bottles were free 

from contamination. 
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Figure: 1 - Passiflora foetida L. 



Growth regulators and their preparation 

 Three important groups of growth regulators 

such as auxins, cytokines and kinetins were used in 

the experiments (Bui Le Thanh Khiet et al., 2006). 

All the growth regulators were stored at 4°C until 

use.  

Auxin and their preparation 
 Three auxin namely α-naphthalene acetic 

acid (NAA), indole 3-acetic acid (IAA) and indole 

3-buteric acid (IBA) were used in the experiments 

(Vikrant A. et al., 2001). The stock solution was 

prepared by dissolving 10mg of auxin individually 

in 1ml with sterile distilled water. The required 

volumes of auxin were added to the nutrient media, 

before autoclaving and were used in different 

concentrations. 

Cytokines and their preparation 

 The stock solution was prepared by 

dissolving 10mg of 6-benzyl amino purine (BAP), 

kinetin 6-furfurylaminopurine in 1ml of 0.1N 

Hydrochloric acid (HCL) and the volume was made 

up to 10 ml by adding sterile distilled water. The 

different concentrations were used before 

autoclaving. 

Culture conditions 

 All the cultures were maintained in the 

culture room at a temperature of 25±2°C and 

relative humidity of 65-70%. The cultures were 

kept under white light intensity of 3000 lux 

provided from white fluorescent lamps (Philips, 

India) with 14 hours photoperiodic duration. 

In vitro studies 

 The present investigation on in vitro 

propagation of the study species were carried out in 

the tissue culture laboratory of Department of 

Biotechnology, Hindusthan college of Arts and 

Science, Coimbatore. In vitro techniques like 

callogenesis, organogenesis and micro propagation 

were attempted. 

Callogenesis 

 Leaf segments of 0.5×0.5cm, nodal 

segments (below the two terminal nodes) and shoot 

tip measuring about 0.4-0.6 cm length were used as 

explants for the study species. They were cultured 

on full strength MS medium supplemented with the 

growth regulators BAP (6-benzylaminopurine), 

NAA (α-Napthalene acetic acid), Kn (Kinetin). 

Twenty five explants were used for each culture and 

the experiments were twiced. The percentage of 

explants responding for callus multiple shoot 

induction, time taken for this induction, total 

number of shoots/ explants and length of the shoots 

were recorded after 40 days of culture (Aitchison, 

P.A. et al., 1977).  In the subculturing experiments 

for organogenesis, the callus and in vitro produced 

shoots were harvested and used as secondary 

explants of culture on the same medium. Sub 

culturing was carried out at the regular interval of 

22-30 days using the same medium. The callus 

pieces (0.5×0.5cm) and the in vitro developed 

micro-shoots were cut into segments (0.4-0.6cm 

length with single internode). These secondary 

explants were subcultured on MS medium 

containing the same growth regulators as used in 

callusing (Vikrant A. et al., 2001). 

Rooting of in vitro multiplied shoots 

 The elongated shoots were transferred to MS 

medium supplemented with different auxin like 

IAA, IBA and NAA at different concentration for 

root induction. The rooted plantlets were removed 

from culture tubes and transferred for hardening. 

Callus induction 

 MS medium enriched with auxin (NAA), 

cytokinins (BAP), kinetin (Kn) in the concentration 

range of 1.0-2.5mg/l were tested for callus 

induction and morphogenesis. Percentage of callus 

induction of five week old cultures was calculated 

(Bhojwani,S.S 1983).   Callus was sub cultured 

regularly at an interval of three weeks. 

Callus frequency 

 The percentage of callusing was recorded at 

the end of the fifth week. Frequency of callus 

induction was calculated by using the following 

formula and expressed in percentage: 

 
                                                       Number of explants responded 

 Callus frequency (%) =                                                                      ×100                 

                                                       Total no of explants cultured 

Hardening 

 The well developed healthy explants were 

removed from the culture flask and were thoroughly 

washed in running tap water to remove the adhering 
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S. 

No 

Growth  

Regulators 

Initial dissolving  

solution 

1 IBA Absolute alcohol 

2 GA3 Absolute alcohol 

3 IAA 70% alcohol 

4 NAA 1N Naoh 

5 BAP 0.1N Hcl 

6 2,4,D 70% alcohol 

7 Kinetin 0.1N Hcl 

Preparation of Growth Hormones 
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nutrient medium completely without causing 

damage to roots. Then the plants were soaked in 1% 

(w/v) fungicide, methyl-3 benzimidizole carbomate 

(Bavistin) solution for 10-15 minutes and 

transferred to plastic pots (Bhojwani, S.S 1983).   

Twenty five plantlets per potting mixture were 

tested and growth rates were calculated after 30 

days of hardening. During hardening process, 

initially the plantlets were kept under shade not 

present inside the 75% shade house for ten days. 

After 10 days, they were gradually transferred to 

75% shade house and maintained for two weeks. 

Then the plantlets were exposed to the natural 

environmental conditions. 

 

RESULTS AND DISCUSSION 

In vitro regeneration 

            The number of days required for callus 

induction of explants is 10-35 after inoculation of 

explants (Table 1). The percentage of explants 

responding for callus formation with respect to 

internode and leaves were lower, lies less than 15 

and 18 only. However, it was noticed that the shoot 

tip and node explants responded well for callus 

formation when cultured on MS medium 

supplemented with the growth regulators, BAP and 

NAA at 2.5 and 0.3 mg/l respectively. Similarly, 

higher amount of (60%) shoot tip explants 

responded well for callus formation in the MS 

medium containing the growth regulators BAP and 

NAA at 2.5 and 0.3 mg/l respectively. On the other 

hand, all attempts with various combinations of 

BAP and NAA in basal medium produced different 

color of callus. Furthermore it was observed that the 

explants such as node and internode produced light 

brown and dark brown colored calli respectively, 

while the explants of shoot tip and leaf produced 

green coloured calli when the explants inoculated 

onto the MS basal medium containing different 

concentrations of growth regulators. 

 The sub culturing experiments were 

conducted by using callus as the secondary explants 

for shoot proliferation and root induction in the MS 

basal medium with various concentrations of the 

growth regulators, BAP, NAA, IAA and IBA. The 

results obtained are described below 

 In the basal medium, the responses of node 

derived callus for shoot initiation to various 

concentrations and combinations of BAP, NAA, 

IAA and IBA are given in (Table 2). The shoot 

formation during sub culturing was highly effective 

(80%) in the basal medium containing BAP and 

NAA at 3.0 and 0.5 mg/l respectively followed by 

70% in BAP and NAA at 2.5 and 0.5 mg/l in the 

basal medium. Similarly, the shoot initiation of 

shoot tip derived callus was widely varied 

according to concentrations and combinations of 

growth regulators BAP, NAA, IAA and IBA in the 

basal medium (Table 3). The MS medium fortified 

with the growth regulators BAP and NAA at 3.0 

and 0.5 mg/l respectively registered higher amount 

(76%) of shoot initiation from the shoot tip derived 

callus. The results indicate that the cytokinin, BAP 

in combination with the auxin, NAA was found to 

be more suitable for the improved response of calli 

to produce shoots during sub culturing. The number 

of shoots produced was greater (13 shoots/callus) 

and shoot length was higher (7.4 cm) in basal 

medium containing BAP and NAA at 3.0 and 0.5 

mg/l respectively for node derived callus. Whereas 

the shoot tip derived callus produce more number 

of shoots (17 shoots/callus) in the medium 

containing the growth regulators BAP alone at 3.0 

mg/l. The shoot length was higher (7.3 cm) in the 

MS medium enriched with the growth regulators 

BAP and IAA at 2.0 and 1.0 mg/l respectively 

Komathiet al.,2011              

Growth                                              

regulators 

(mg/l) 

 Days required for callus    

formation after inoculation 
Callus formation (%)  Color of the callus 

BAP  NAA Node 
Shoot    

tip 

Inter 

node 
Leaf Node 

Shoot 

tip 

Inter 

node 
Leaf Node 

Shoot   

tip 

Inter 

node 
Leaf 

 1.0  0.3  15  18  31  32  50  30    8  10  LB  G  DB   G 

 1.5  0.3  15  18  29  29  60  50  13  13  LB  G  DB   G 

 2.0  0.3  19  17  25  29  70  50  14  17  LB  G  DB   G 

 2.5  0.3  10  10  20  27  75  60  15  18  LB  G  DB   G 

TABLE 1. Effect of different concentration of growth regulators on callus induction from node, shoot tip 

internode and leaf explants of the species, Passiflora foetida. 

 LB- Light Brown, DB- Dark Brown and G - Green. 



while sub culturing the callus. It indicates the fact 

that the concentration of auxin (NAA) was needed 

for the shooting attributes of node and shoot tip 

derived callus of this species. (Figure: 2). 

 The rooting characters like percentage of 

shoot producing roots, number of roots produced by 

shoot and root length as influenced and root length 

as influenced by the individual addition of growth 

regulators viz., IBA, IAA and NAA in basal 

medium for the study species are exhibited in 

(Table 4 & 5). 

 The nodal callus derived green adventitious 

shoots of the species are carefully removed and sub 

cultured on the MS medium supplemented with 

individual addition of auxins for the adventitious 

root initiation (Table 4). It was observed that the 

node callus derived shoots rooted effectively (70%) 

in the basal medium either with IBA alone at 1.0 

mg/l. whereas, the number of root/shoot was also 

greater (20 roots/shoot) in the same concentration 

of auxin, IBA. However, the NAA concentration at 

1.0 mg/l produced higher length of roots (4-7 cm). 

The rooting attributes like percentage of roots 

produced by shoots, number of root/shoot and root 

length were varied widely for shoot tip callus 

derived shoots of the study species. A higher 

percent of shoots rooted well in the MS medium 

containing the growth regulator IAA alone at 1.0 

mg/l. The number of roots produced by shoots is 

higher in the same concentration of growth 

regulator auxin, IAA. However the root length was 

greater (4.9 cm) in the medium containing the 

growth regulator auxin, NAA at 1.0 mg/l. While the 

other supplementations of basal medium with IAA 

and NAA resuspended considerably to the rooting 

attributes of both node and shoot tip derived shoots 

of the study species. 

           The genus Passiflora comprises hundred 

species, mainly native of the South American 

tropics and rainforests, which are grouped into 21 

subgenera. Some species are widely studied for 

their economic importance and are chiefly 

cultivated for production of fruit juice. To obtain a 

continuous source of material for a screening of 
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Growth regulators 

 (mg/l) 
 Culture 

Rsponse 

(%) 

 No.of 

shoots

/callus 

 Shoot 

 length 

(cm) BA

P 
NAA IBA IAA 

1.0 - - - 20 07 4.2 

1.5 - - - 20 10 4.6 

2.0 - - - 30 11 5.1 

2.5 0.5 - - 70 13 5.8 

3.0 0.5 - - 80 13 7.4 

1.5 - 1.0 - 50 10 5.2 

2.0 - 1.0 - 55 08 5.7 

2.5 - - - 49 11 6.1 

3.0 - - - 60 07 6.7 

1.5 - - 1.0 57 13 6.2 

2.0 - - 1.0 36 12 4.1 

2.5 - - - 18 09 3.8 

3.0 - - - 20 10 2.7 

TABLE 2. Effect of different concentration of growth 

regulators on shoot initiation, shoot number and 

shoot length after sub culturing the node derived 

callus of the species, Passiflora foetida. 

Growth regulators  

(mg/l) 
 Culture 

response 

(%) 

No.of 

shoots/

callus 

 Shoot 

length 

(cm) 
BAP NAA IBA IAA 

 1.0    -    -    -         16      07     4.1 

 1.5    -    -    -         18      08     4.5 

 2.0    -    -    -         20      12     5.2 

 2.5  0.5    -    -         70      13     7.7 

 3.0  0.5    -    -         76      15     7.1 

 1.5    -  1.0    -         50      10    5.2 

 2.0    -  1.0    -         60      10     7.3 

 2.5    -    -    -         30      14     6.0 

 3.0    -    -    -         40      17     6.2 

 1.5    -    -  1.0         27     08     6.5 

 2.0    -    -  1.0         42      13     6.8 

 2.5    -    -    -         15      11     3.7 

 3.0    -    -    -         23      13     4.3 

TABLE 3. Effect of different concentration of growth 

regulators on shoot initiation, shoot number and the 

node derived callus of the species, Passiflora foetida. 

figure2 figure2a figure2b 

Figure: 2 &2a -Micro propagation of Passiflora foetida 

Figure: 2b - Callus induction of Passiflora foetida 



 

 

secondary metabolites, zygotic embryo culture was 

attempted for 62 Passiflora species, starting from 

seeds mainly collected in the wild. Twenty nine of 

these species produced calli, which had very 

different growth rates. Plants were successfully 

regenerated from calli of 13 different species. For 

25 of the responsive species this is the first report of 

in vitro culture (Flavia Guzzo et al., 2004). 

 Passion fruit is a highly valuable species but 

it has some problems about pests and diseases. 

There are some reports about shoot regeneration 

and plantlet formation of vine crops from various 

explants and using different techniques, but these 

are not suitable. In this study, we used callus 

derived from in vitro plantlets of yellow passion 

fruit to initiate cell suspension culture. Cultures 

were maintained in MS medium supplemented with 

various NAA concentrations (0.0-2.0 mg l-1), 30 g l

-1 sucrose. Cell growth was evaluated by counting 

cell numbers on 0, 5, 10, 15, 20 and 25 days of 

culture. After 20 days of culture, 2 ml of suspension 

culture was transferred to hormone-free MS 

medium containing 60 gl-1 sucrose and 8 gl-1 agar 

to induce callus formation. These calli were used to 

regenerate shoots(Bui Le Thanh Khiet et al., 2006). 

 Passion fruit is a highly valuable species but 

it has some problems about pests and diseases. 

There are some reports about shoot regeneration 

and plantlet formation of vine crops from various 

explants and using different techniques, but these 

are not suitable. Cell suspension culture is a tool to 

study cell growth, to produce secondary metabolites 

and a tool for rapid micro propagation of some 

economically valuable crops. Using this technique, 

we can understand cell growth parameters and 

establish an efficient protocol. In this study, we 

used callus derived from in vitro plantlets of yellow 

passion fruit to initiate cell suspension culture. 

Cultures were maintained in MS medium 

supplemented with various NAA concentrations 

(0.0-2.0 mg l-1), 30 g l-1 sucrose. Cell growth was 

evaluated by counting cell numbers on 0, 5, 10, 15, 

20 and 25 days of culture. After 20 days of culture, 

2 ml of suspension culture was transferred to 

hormone-free MS medium containing 60 gl-1 

sucrose and 8 gl-1 agar to induce callus formation. 

These calli were used to regenerate shoots (Bui Le 

Thanh Khiet et al., 2006). 

 

CONCLUSION: 

 Callus was induced efficiently from the leaf 

explants of Passiflora foetida L. (Passion fruit) on 

Murashige and Skoog (MS) medium containing 2 

mg/l 2,4-dichlorophenoxy acetic acid (2,4-D) and 

0.5 mg/l kinetin (KN) after 16 days. Maximum 

callus (65% response, 610 mg fresh weight and 55 

mg dry weight) was formed on MS medium 

supplemented with low sucrose and salt 

concentration than that of high sucrose and salt 

concentration (Rasool SN et al., 2011).         
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Growth regulators 

(mg/l) 

  

Culture 

response 

(%) 

  

  

No.of 

roots/

callus 

  

Root 

length 

(cm) IBA IAA NAA 

0.1 - - 30 12 3.2 

0.3 - - 40 13 3.3 

0.5 - - 60 17 3.2 

1.0 - - 70 20 4.2 

- 0.1 - 20 12 3.1 

- 0.3 - 30 16 3.3 

- 0.5 - 45 18 3.7 

- 1.0 - 61 17 3.2 

- - 0.1 20 09 4.1 

- - 0.3 30 11 4.2 

- - 0.5 40 13 4.5 

- - 1.0 65 14 4.7 

TABLE 4. Effect of different concentration of growth 

regulators on root initiation, root number and root 

length after sub culturing the node derived callus of 

the species, Passiflora foetida. 

  

Growth regulators 

(mg/l) 

  
Culture 

response 

(%) 

  

  

No. of 

roots/

callus 

  

Shoot 

length  

(cm) 
IBA IAA NAA 

0.1 - - 30 10 3.1 

0.3 - - 41 12 3.4 

0.5 - - 62 14 3.9 

1.0 - - 84 18 4.2 

- 0.1 - 25 11 3.2 

- 0.3 - 33 14 3.5 

- 0.5 - 45 15 3.7 

- 1.0 - 61 16 3.7 

- - 0.1 29 08 4.1 

- - 0.3 34 10 4.3 

- - 0.5 41 12 4.5 

- - 1.0 67 14 4.9 

TABLE 5. Effect of different concentration of growth 

regulators on root initiation, root number and root 

length after sub culturing the node derived callus of 

the species, Passiflora foetida. 
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