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Passifl ora edulis f. fl avicarpa is a perennial vine 
mainly grown in tropical countries which has 
agricultural and horti cultural importance. Yet, the 
unavailability of an effi  cient micropropagati on 
technique is a major obstacle to overcome. Diff erent 
surface sterilizati on methods were tested for the 
stem and leaf explants. To determine the best plant 
growth regulator concentrati ons for callus inducti on, 
diff erent combinati ons of NAA (2 to 5 mg/L) and BAP 
(0.1 to 0.3 mg/L) were tested. Murashige and Skoog 
full-strength medium was used as the basal medium 
for cultures. The use of 10% Clorox™ at 150 rpm for 
12 minutes twice, followed by 0.1 g/L AgNO3 for 
12 minutes found to be the most eff ecti ve surface 
sterilizati on method for leaves with a 100% survival 
rate. Results found 0.2 mg/L NAA; 2 mg/L BAP and 
0.1 mg/L NAA; 4 mg/L BAP to be opti mal for callus 
inducti on from leaves under light and dark conditi ons 
with calli inducti on rates of 33.33% and 16.67%, 
respecti vely. For stems best results were obtained for 
0.3 mg/L NAA; and 2 mg/L BAP with a 66.67% calli 
inducti on rate in light conditi ons and 33.33% in dark 
conditi ons. Calli were obtained from both explants 
within an average of 38.5 days and 44 days in light 
and dark conditi ons respecti vely. Calli of yellow 
passion fruit can be obtained using full MS media 
supplemented with NAA ranging from 0.1 to 0.3 mg/L 
and BAP ranging from 2 to 4 mg/L. Despite successes, 

vitrifi cati on and contaminati on underscore the need 
for refi nements on this protocol. 

Keywords: Yellow passion fruit; callus; micropropa-
gati on; NAA; BAP      

Introducti on

Passifl ora edulis f. fl avicarpa, or yellow passion 
fruit, is a tropical perennial semi-woody vine which 
belongs to the Passifl oraceae family and Passifl ora 
genus indigenous to Brazil (Amugune, 1992; Silva 
& Souza, 2020; Taïwe & Kuete, 2017). Sri Lanka, 
being a tropical country stands as one of the largest 
producers of passion fruit in the world. Bandarawela 
purple, Rahangala hybrid, and Horana gold are the 
passion fruit varieti es culti vated in Sri Lanka, while 
Horana gold stands as the most popular culti var 
(Department of Agriculture Sri Lanka, 2023). 

Horana gold is popular for its disti ncti vely att racti ve 
fl owers and acidic fruit. The fruit of the plant holds 
signifi cance in producing juice, jam, tea, and ice 
cream. Due to the rich compositi on of bioacti ve 
compounds such as vitamin C, beta-carotene, and 
fl avonoids passion fruit juice has high anti oxidant 
content (Viuda-Martos et al., 2020; Wijeratnam, 
2015). Research has shown that the consumpti on 
of yellow passion fruit helps reduce infl ammati on, 
alleviate anxiety symptoms, regulate blood sugar 
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levels, and protect against oxidati ve stress-related 
diseases such as certain types of cancer (Rai et al., 
2022). 

The primary methods employed to propagate yellow 
passion fruit are stem cutti  ngs and seed propagati on 
(Taïwe & Kuete, 2017). Even though, stem cutti  ngs 
are preferred as they ensure that the produced 
plants are visually identi cal to the mother plants, due 
to microbial att acks stem cutti  ngs are not considered 
to be the best opti on and cross-pollinati on makes 
seeds also not to be the best propagati on method. 

As Sri Lanka is one of the world’s largest producers of 
Passifl ora, applying micropropagati on techniques to 
advance the market will be of great use. Therefore, it 
is essenti al to develop an enhanced and standardized 
micropropagati on protocol specifi c to yellow passion 
fruit. Even though, micropropagati on techniques 
have been widely studied, the unique requirements 
and challenges posed by P. edulis f. fl avicarpa remain 
relati vely unexplored. Though previous studies in 
diff erent countries have examined the use of leaf disc 
explants in the micropropagati on of diff erent varieti es 
of passion fruit, there is a notable inconsistency and 
diversity in the reported ti meframes required for 
callus formati on specifi cally on the yellow passion 
fruit variety (Mukasa et al., 2016; Ozarowski & Thiem, 
2013; Senanayake & Silva, 2023; Tuhaise et al., 2019). 

This research was undertaken with the comprehensive 
considerati on of various factors to fi gure out opti mal 
combinati ons of cytokinin and auxin for callus 
inducti on using leaf discs and stems as explants.   

Materials and Methods 

The research was conducted in the plant ti ssue 
culture laboratory at the Sri Lanka Insti tute of 
Informati on Technology, Malabe, Sri Lanka. Explants 
were obtained from domesti cally culti vated healthy 
plants of Horana gold, in Kaduwela and Kandy, Sri 
Lanka. 

Explants were individually cleaned using Vim™ and 
subsequent experiments involving various surface 

sterilizati on protocols were performed using diff erent 
concentrati ons and combinati ons of Isopropyl alcohol 
(IPA), Clorox™, Fungicide and Silver nitrate (AgNO3) as 
shown in Table 1 for leaf discs. The protocol described 
by Kodithuwakku and Silva (2020) was followed for 
stem explants. 

For the sterilizati on of leaves:

Surface sterilizati on was carried out as menti oned 
in Table 1 and was followed by 5.0 mL/L Fungicide 
for 10 minutes in methods 7,8 and 9, and 0.1 g/L 
AgNO3 for 10 and 12 minutes in methods 10 and 11 
respecti vely.

T able 1. The summary of surface sterilizati on methods 
for leaf explant 
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1 50 5 3 5 50

2 50 5 4 5 50

3 50 5 5 5 50

4 70 5 6 5 50

5 70 5 8 5 50

6 70 5 10 5 50

7 NA NA 8 (twice) 12 125

8 NA NA 10 
(twice) 12 125

9 NA NA 12 
(twice) 12 125

10 NA NA 10 
(twice) 12 180

11 NA NA 10 
(twice) 12 150

Establishment of explants in culture tubes   

 All glassware and plasti cware were sterilized using 
the CSUP technique (Peiris et al., 2012). The basal 
medium for culturing was the Murashige and Skoog 
(MS) medium supplemented with 3% sugar and 
myoinositol (100mg/L) (Murashige & Skoog, 1962). 
Various plant growth regulator combinati ons were 
tested to determine the best plant growth regulator 
combinati on and concentrati on as shown in Table 2.
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 Table 2. Summary of the plant growth regulator 
combinati ons used for the callus inducti on  
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t Plant growth regulator 
concentrati ons
mg/L BAP 

(mg/L)
1 Leaf 0.1 NAA 2.0
2 Leaf 0.1 NAA 3.0
3 Leaf 0.2 NAA 4.0
4 Leaf 3.0 - 2,4-D 2.0

5 Leaf 2.0 - 2,4-D + 0.8 IAA + 
1.0 KIN 2.0

6 Stem None 4.0
7 Stem None 3.0
8 Leaf 0.2 NAA 3.0
9 Leaf 0.3 NAA 2.0

10 Leaf 0.3 NAA 3.0
11 Leaf 0.1 NAA 4.0
12 Leaf 0.2 NAA 2.0
13 Leaf 0.2 NAA 4.0

14 Leaf/ 
Stem 0.2 NAA 5.0

15 Leaf 0.3 NAA 4.0
16 Stem None 4.0
17 Leaf 0.3 NAA 5.0

18 Leaf/ 
Stem 0.1 NAA 5.0

19 Stem None 5.0

20 Leaf/ 
Stem 0.2 NAA 3.0

21 Leaf/ 
Stem 0.3 NAA 2.0

22 Leaf None None
23 Leaf 3.0 - 2,4-D 2.0
24 Leaf 0.2 NAA 3.0
25 Leaf 0.3 NAA 2.0

Leaf explants were secti oned into 1 cm2  squares and 
stems were cut into 1 cm segments and placed in 
culture tubes. They were exposed to light and dark 
conditi ons. The cultures were initi ally monitored for 
72 hours and then regularly observed aft erwards for 
any changes. Any cultures found to be contaminated 
or showing signs of vitrifi cati on were promptly 
discarded from the storage area (temperature – 25 C 

; Humidity - 40% 60%).

Da ta collecti on and analysis 

The survival rates for each surface sterilizati on 
method were calculated using the following formula.

The dataset was analysed uti lizing Microsoft  Excel 
soft ware. A one-way analysis of variance (ANOVA) 
was performed with signifi cance levels established at 
P < 0.05 considering 25 replicates for each conditi on. 

Results and Discussion 

Opti mizati on of surface sterilizati on

As Figure 1, depicts, though the fi rst 4 treatments 
resulted in a 0% survival rate, the results progressively 
improved. By employing the surface sterilizati on 
method 8 (10% Clorox at 125 rpm for 12 minutes 
twice, followed by 5 mL/L fungicide for 10 minutes) 
a 100% survival rate was observed under the dark 
conditi on. A 100% survival rate under both light 
and dark conditi ons was achieved for method 10 
(10% Clorox for 12 minutes at 180 rpm followed by 
0.1 g/L AgNO3 for 10 minutes) and 11 (10% Clorox 
at 150 rpm for 12 minutes twice, followed by 0.1 
g/L AgNO3 for 12 minutes). The rotati on speed 
was reduced from 180 to 150 as the higher speed 
was found to damage the ti ssues of the explants. 
The effi  cacy of AgNO3 in miti gati ng contaminati on 
within cultures noted by Bleecker & Kende (2000) 
and Kumar et al. (2009) was confi rmed by this study. 
Consistent with this knowledge, this study also 
found the best surface sterilizati on technique for 
leaf explants with the treatment including AgNO3. 

Figu re 1. Survival Rate of cultures In Light and Dark 
Conditi ons for leaf and stem
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Upon conducti ng an ANOVA to assess the relati onship 
between survival rates and surface sterilizati on 
methods under light and dark conditi ons, a 
signifi cant result with a P-value of 0.027 and 0.017 
was obtained, respecti vely. As these p values are 
smaller than 0.05, a strong associati on was indicated 
between the survival rates and surface sterilizati on 
methods employed in the study.

Callus Inducti on

In media 11 (0.1 NAA; 4.0 BAP), 21 (0.3 NAA; 2.0 BAP) 
and 23 (23 3.0 2,4-D; 2.0 BAP) calli were observed 
in both lighti ng conditi ons. In leaf explant, calli 
formati on was observed in media numbers 12 (0.2 
NAA; 2.0 BAP), 23, and 8 (0.2 NAA; 3.0 BAP) (light 
conditi ons) and 11, 23, and 21 (dark conditi ons) and 
media 21 facilitated callus formati on in both lighti ng 
conditi ons in stem explants. The observati ons suggest 
that the low auxin (NAA; 2,4-D) concentrati ons 
combined with a high concentrati on of cytokinin 
(BAP) were inducing calli formati on in yellow passion 
fruit. In previous studies done on other passion 
fruit varieti es, similar results have been obtained as 
reported by Ozarowski and Thiem in 2013. 

Figure 2. shows the observed calli in the research. 
Observed calli was whiti sh in colour and originated 
from the explant margins in both stems and leaves.  

Figur e 2. Observed calli in cultures (A – Observed calli 
in stem explant (44 days) | B – Isolated calli (90 days) 
20th Media (0.2 NAA; 3.0 BAP) in dark conditi on

As shown in Figure 3, the highest incidence of callus 
formati on from leaf explants was observed for media 

12 (0.2 NAA; 2.0 BAP) and media 11 (0.1 NAA; 4.0 
BAP) in light and dark conditi ons respecti vely. A 100% 
vitrifi ed percentage was observed with media 11. The 
possible reason for this might have been the rati o of 
auxin to cytokine in this media. As noted by Lind and 
Rijkenberg in their paper that high concentrati ons of 
cytokine combined with a low auxin level can lead 
to vitrifi cati on because the cytokine can disrupt the 
normal cellular organizati on and water regulati on. 

Figure 3. Percentage of calli observed in leaf explants

In stem explant, media 21 (0.3 NAA; 2.0 BAP) exhibited 
the highest calli observed percentage of 66.67% light 
conditi ons. Conversely, under dark conditi ons, media 
20 (0.2 NAA; 3.0 BAP) and 21 demonstrated an 
equal highest percentage of 33.33%. These fi ndings 
underscore the infl uence of both media compositi on 
and lighti ng conditi ons on the in-vitro responses of 
plant ti ssues, highlighti ng the complexity of their 
interacti ons in ti ssue culture systems (Ikeuchi et al., 
2013). Furthermore, there were no observati ons of 
vitrifi ed calli in dark conditi ons. 

P values greater than 0.5 were obtained for callus 
inducti on rates in diff erent media combinati ons. 
Vitrifi cati on and contaminati ons incite the need 
for further investi gati on into alternati ve factors 
impacti ng callus formati on in yellow passion fruit 
ti ssue culture and refi nements in the protocol.

Conclusions

The investi gati on identi fi ed the opti mal surface 
sterilizati on technique for P. edulis f. fl avicarpa leaf 
explant. Integrati ng AgNO3 into sterilizati on protocols 
improved survival rates and reduced contaminati on 
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risks. The culti vati on of calli in P. edulis f. fl avicarpa 
is facilitated by the applicati on of MS media 
supplemented with NAA ranging from 0.1 to 0.3 mg/L 
and BAP ranging from 2 to 4 mg/L. Despite successes, 
challenges such as vitrifi cati on and contaminati on 
underscore the need for ongoing protocol refi nement 
to advance to be used in agriculture and geneti c 
engineering.  
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