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Abstract 

The pitaya, also known as the dragon fruit, is a climbing vine that first gained popularity as a decorative plant 

before becoming a fruit crop. Stem cuttings are utilized as planting material because the seeds of preserved pitaya 

have a very low viability rate. Several research have looked at various pitaya propagation techniques, however 

there is relatively little data on the procedures for producing high-quality planting material using tissue culture. 

In the current study, we looked at the possibility of direct shoot regeneration of three different pitaya explants 

using stem segments from in vitro germinated seedlings in Murrashige and Skoog (MS) basal medium 

supplemented with five different concentrations of Benzylaminopurine (BAP): 0, 0.1, 0.2, 0.3, 0.4, and 0.5 mg/l. 

Following that, plantlets that had undergone direct organogenesis regeneration were rooted in the same MS basal 

medium. The newly regenerated shoots were started on explants using MS basal media supplemented with 

various BAP concentrations in less than 4 weeks. The highest number of shoot average per explant was obtained 

from MS medium containing 0.5 mg/l BAP and the least was found without using BAP in Yellow pitaya. The 

MS medium with 0.4 mg/l BAP produced the largest average number of shoots per explant, and the lowest were 

also seen with control treatment in the red pitaya variety. The Whitest pitaya shoots were produced in MS 

medium supplemented with 0.4 mg/l BAP, and the fewest were produced in the control treatment, which was 

higher than red pitaya. On their own, mature shoots from regenerated plants began to root in the same medium. 

Keywords: Pitaya, Dragon fruit, BAP, Hylocereus, Shoot, Multiplication, Micropropagation.   

INTRODUCTION 

Pitaya or dragon fruit, which has attracted attention due to its attractive appearance, taste, and nutritional 

content in recent years, is located in the genus Hylocereus of the Cactaceae family of the Caryophyllales 

order [1]. It is known by many names in the world. Pitaya (dragon fruit) is the fruit produced by the plant 

with the same name belonging to the genus Hylocereus of the Cactaceae [2]. It contains glucose, betaines, 

vitamins, organic acids, soluble dietary fiber, phyto albumins and minerals [3]. Pitaya is not only utilized 

as fruit, but also can be taken as flower, vegetable, health products and medicine [4]. The fruit is delicious 

and it can also be processed into juice, jam, ice cream, pastries, vinegar and wine. Its plant is attractive 

due to its exotic appearance [5]. It was initially used as ornamental plant and latter due to its health benefits 

and market value emerged as a new fruit crop [6]. Owing to its rich nutrient contents and antioxidant 

properties, it is emerging as a super fruit worldwide. Belongs to family Cactaceae, basically, it is perennial 

semi epiphytic climbing cactus vine [7]. The cactus family are highly adaptable to a new environment. The 

plants are able to tolerate drought, heat, poor soil, and cold [8]. The modification of the stem for water 

storage, the reduction or absence of leaves, the waxy surfaces, and night-time opening of the tissues for 

carbon dioxide uptake (the CAM process), enable the plants to tolerate harsh conditions [9]. Terms used to 

describe plants with such adaptations include xerophyte and succulent [10]. These adaptations to survive 

dry, hot conditions, apply to the above-ground plant [11]. The roots are non-succulent and require small 

amounts of water and cooler temperatures [12]. Cacti will not tolerate saline or water-logged conditions, 

nor will they grow where there is an absence of plant life [13]. In their native lands, the plants were used 

for many purposes, but one of major importance is the fruit as a food source [14]. Fruit was collected from 

naturally established stands. Later, cuttings were taken from highly productive plants and grown around  
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houses [15]. A similar process is now in place in several countries around 

the world to establish plantations of cacti with edible fruit, from column, 

shrubby and climbing types [16]. The fruits are scooped out with a spoon, 

much like a kiwi fruit. The flesh is firm and crisp, with a delicately sweet 

and lingering flavor [17]. The juicy flesh can be used in marmalade, jellies, 

ice creams and soft drinks [18]. Dragon fruits do not contain cholesterol, 

saturated fat. Therefore, regular consumption will help manage blood 

pressure and control cholesterol levels [19]. The seeds have a high in 

polyunsaturated fatty acids (omega-3 and omega-6 fatty acids), reduced 

triglycerides and lower the risk of cardiovascular disorders [20, 21]. Fruits 

are high in fiber (regular consumption can help avoid constipation, 

improve digestive health and help to reduce weight), rich in vitamins C, 

B (B1, B2, and B3), calcium, iron, lycopene, and antioxidants that help 

in human health [22]. The fruit as a food substitute for rice and as a source 

of dietary fiber. Fruits contain phytoalbumins, which have antioxidant 

properties that help prevent the formation of cancer cells (Ruzainah et al. 

2009) [23]. The flower buds of dragon fruit are used to make soups or 

mixed with salads and the red pulp of the dragon [24].  

There are four types dragon fruit based on their colour [25]. But in this 

study, we only use three types of dragon fruit varieties. 

1. Hylocereus undatus i.e., red colour fruit with white colour flesh. 

2. Hylocereus polyrhizus i.e., red colour fruit with red colour flesh. 

3. Hylocereus megalanthus i.e., yellow colour fruit with white colour 

flesh.  

Taxonomic Hierarchy of Three Pitaya varieties 

Kingdom Plantae   

Subkingdom Viridiplantae   

Infrakingdom Streptophyta   

Superdivision Embryophyta   

Division Tracheophyta   

Subdivision Spermatophytina   

Class Magnoliopsida   

Superorder Caryophyllanae   

Order Caryophyllales   

 Family Cactaceae Juss.  

Genus Hylocereus 

Species Hylocereus undatus (Haw.) Britton & Rose  

Hylocereus polyrhizus (F.A.C.Weber) Britton & Rose 

Hylocereus megalanthus (K.Schum. ex Vaupel) Moran 

The plants take 3 years to grow from seed [26]. Thus, the multiplication of 

dragon fruits under in vitro conditions is a superlative method [27]. Tissue 

culture provides an alternative solution for producing many genetically 

similar, phytosanitarily and physiologically high-quality plantlets within 

a limited period [28].  

Correspondence: Kay Thi Oo is Deputy Director, Plant Tissue Culture 

Laboratory, Department of Biotechnology Research, Kyaukse Township, 

Mandalay Region, Myanmar (e-mail; kaythi123@gmail.com)  

MATERIALS AND METHODS 

Plant Materials and Source of Explants 

Seeds of Dragon fruit were extracted from fresh ripe fruit. Red and white 

ones of which have been purchased from local fruit sellers in Kyaukse, 

Myanmar and the yellow one obtained from Mawlamying, Myanmar. 

Seeds of three dragon fruit varieties were used as source of explants for 

in vitro micropropagation. Aseptic cultures of Dragon fruit or Pitaya were 

established via in vitro plantlet regeneration. 

Preparation of explants 

All three cultivars of the plant were regenerated in vitro to produce stem 

explants, which were harvested from aseptic seedlings that were 4 weeks 

old. After being separated from the flesh, the seeds were sterilized using 

a modified version of the procedure described by De Feria et al. [29]. 

Establishment of seed cultures  

After being separately extracted, seeds were surface-sterilized by 

spraying with 70% ethanol for two minutes and dipping in a solution of 

1% sodium hypochlorite and 6% Tween 20 for ten minutes. Following 

proper cleaning with autoclaved distilled water, sterilized seeds were 

grown on MS medium containing 3% sucrose and 0.6% agar and 

maintained at 25–27°C with a continuous light under fluorescent tube 

light (50 mol m-2s-1). Each glass vessel contained 10 surface-sterilized 

seeds and 20ml of basal MS media. After culture for about 4 weeks of 

incubation, the sterilized explants were obtained. 

Preparation of Culture medium 

In the present experiment, basal MS [30] media without any plant hormone 

were used for seed germination and MS media supplemented with five 

different concentrations (0, 0.1, 0.2, 0.3, 0.4, 0.5 mg/l) of BAP (6-benzyl- 

amino- purine) and control were used for shoot proliferation and root 

development. Agar (6 g/L) was added to solidify the medium and the pH 

was adjusted to 5.8 with 1N HCL or 1 N NaOH 20 ml of prepared culture 

medium was poured into each glass culture vessel (250 ml capacity) and 

then they were covered using plastic lid [31]. These culture vessels were 

autoclaved at 121°C for 20 min at 15 psi subsequently they were kept to 

cool before the explant inoculation. 

Cultural Environment and Culture Condition 

All cultures were incubated under continuous cool and white fluorescent 

tube light (1500 Lux) and 27±1̊ C temperature controlled with air-

conditioning system at 25 ± 2°C. Culture observations were recorded on 

the shoot proliferation and root formation. Proliferation trials continued 

by being subcultured every four weeks in a fresh culture medium. 

Micropropagation was evaluated at the end of 5th subcultures and the 

rooting studies was evaluated at the end of 6 months.  

Acclimatization of the Tissue Culture Plantlets  

After 6 months of incubation in the culture room, plantlets were 

transferred from the bottle, and the agar was gently removed from the 

roots. The ex vitro plantlets were maintained in plastic bags containing 

sand, biofertilizer, soil (1:1:2). The plantlets were cultured on the terrace 

under field conditions. For the adaptation to the environment, the in vitro 

plantlets were transplanted to a tray with sterile potting mixture After 2 

months, the in vitro plantlets were fully exposed to external 

environmental conditions and hydrated once per week 

Statistical Analysis 

In this context, all three varieties and micropropagation media were 

evaluated. In shooting studies, number of shoot and shoot length (cm) 

were evaluated. For rooting, only number of root was recorded. A fully 

randomized design was used to duplicate each treatment five times for 

the in vitro experiment. It was recorded how many additional shoots 

sprouted from each original shoot. Also noted was the quantity of roots 

that sprouted throughout the experiment. Using the statistical program 

Minitab 13.1, one-way ANOVA was used to analyze the collected data 

and P=0.05 was used to measure deviations between means. To evaluate 

the treatment means, least significant differences (LSD) were computed 

at the 5% level of significance. 

RESULTS AND DISCUSSIONS 

The present study was conducted for micropropaga-tion of three different 

pitaya varieties in the basal MS media containing different concentrations 

of plant growth hormone BAP. There is no culture showed signs of 

contamination, and satisfactory outcomes were noted. Investigations 

have been done into the production of pitaya plants using in vitro tissue 
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culture [32]. Three distinct pitaya type in the in vitro micropropagation, 

shoot multiplication, and rooting on MS medium supplemented with 

various concentrations of BAP were assessed. Our research revealed that 

several pitaya species reacted differently to various media. Consequently, 

it is crucial to create procedures for each kind, and this research provides 

the data to do so.  

In this study, the highest number of shoot average per explant (11.00 ± 

2.65) was obtained from MS medium containing 0.5 mg/l BAP and the 

least (2.667 ± 0.577) was found without using BAP in Yellow pitaya 

(Table 1). The highest shoot development in average number of shoot per 

explant (11.33±3.06) was observed with MS medium containing 0.4 mg/l 

BAP and the lowest (2.667 ± 0.577) also found with control treatment in 

Red pitaya variety (Table 2). The use of MS medium supplemented with 

0.4 mg/l BAP also gave highest multiplication rate of White pitaya shoot 

with (4.000 ± 1.000) found in MS medium supplemented with 0.4 mg/l 

BAP and the least amount of shoot (2.000 ± 1.000) was also found in 

control treatment but lower than Red pitaya (Table 3). Similar to this, 

Khalafalla et al. [33] reported that Opuntia ficus-indica shoot development 

is positively impacted by MS media supplemented with plant growth 

regulators (benzyladenine (BA), kinetin (Kin), and naphthalene acetic 

acid (NAA)).  MS medium supplemented with 5 mg/l BAP had the most 

shoot multiplication, according to their research. When the plant 

components were cultivated on multiplication media containing various 

quantities and combinations of plant growth regulators, shoot 

multiplication occurred. There have been previous reports of multiple 

shoot induction from various cactus explants in relation to the response 

to utilizing different cytokinin hormones, particularly BAP. (Dahanayake 

et al., 2011) [34] [35].  

Considering the number of root, MS supplemented with 0.4mg/l BAP 

(5.67±2.08) is the hormone concentration that gives the best results 

according to the average root number in Yellow pitaya (Table 1). 

Although there was no significant difference between BAP 0.1 mg/l and 

BAP 0.2 mg/l, it was determined that the two hormone concentrations 

were successful in terms of root development for this pitaya species. But 

there was found that hormone free medium gave the least root formation 

in Yellow pitaya. Controversially, in both Red and White pitaya, the best 

root formation (5.000 ± 1.000) and (4.333 ± 1.528) were observed in 

hormone free MS medium respectively (Table 2 and 3). Accordingly, it 

was observed that the hormone-free MS medium might be sufficient for 

the lengthening of the roots. Similarly, Clayton et al. found that 11 rare 

or endangered cactus species provide successful rooting in hormone-free 

MS medium [36]. 

It was also determined that well-rooted plantlets had higher survival rates 

after transplanting into soil [37]. It has been determined that the plants 

cling to life and continue to grow during the acclimatization of the in vitro 

propagated pitaya cultivars to the external environment [38]. It was 

determined that all the pitaya varieties, which gave successful results in 

in vitro rooting, was also successful in acclimatization (Figure 8). On the 

other hand, it was observed that the growth progressed slowly in all 

cultivars. 

  

Figure 1: Surface sterilization and seed culture initiation of Pitaya 

 

 

Figure 2: Seed germination of Pitaya on MS basal medium 

 

Figure 3: Shoot initiation on MS media supplemented with BAP 0.3 mg/l of 

Yellow pitaya 

 

Figure 4: Shoot multiplication on MS media supplemented with Different BAP 

concentrations of Yellow pitaya 

 

Figure 5: Shoot multiplication on MS media supplemented with Different BAP 

concentrations of Red pitaya 

 

Figure 6: Shoot multiplication on MS media supplemented with Different BAP 

concentrations of White pitaya 
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Figure 7: Root formation of red pitaya in MS medium without plant growth 

regulator 

 

Figure 8: Hardening of in vitro propagated Pitaya plantlet 

Table 1: Effect of different BAP concentrations on shoot development 

and root formation of Yellow Pitaya 

BAP 

(mg/l) 

number of shoot shoot length (cm) number of root 

0 2.333 ± 0.577 2.933 ± 0.379 2.667 ± 1.528   

0.1 10.00 ±  2.00 5.07  ± 2.05   5.333  ± 0.577   

0.2 10.333 ± 1.528 4.367 ± 1.415   5.33 ±  2.52   

0.3 8.000 ± 1.000 4.833 ± 1.258   4.667 ± 1.528   

0.4 10.667 ± 1.155 4.833 ± 1.258   5.67  ± 2.08   

0.5 11.00 ± 2.65 3.200 ± 0.854   4.000 ± 1.000   

Data presented are means ± standard deviation 

Table 2: Effect of different BAP concentrations on shoot development 

and root formation of Red Pitaya 

BAP 

(mg/l) 
number of shoot shoot length (cm) number of root 

0 2.667 ±  0.577   3.567 ± 0.603   5.000 ± 1.000   

0.1 3.667 ± 1.528   3.433   ± 0.493   3.667 ± 1.528   

0.2 4.667 ± 1.528   3.300   ± 0.361   1.333 ± 0.577   

0.3 4.333 ± 1.528   3.267   ± 0.586 1.667 ± 0.577   

0.4 11.33 ±  3.06     3.1667  ± 0.1528   1.333 ± 0.577   

0.5 4.67  ± 2.08   4.567   ± 1.193 1.000 ± 0.000   

Data presented are means ± standard deviation 

Table 3: Effect of different BAP concentrations on shoot development 

and root formation of White Pitaya 

BAP 

(mg/l) 

number of shoot shoot length(cm) number of root 

0 2.000 ± 1.000   3.567 ±  0.603   4.333 ± 1.528   

0.1 2.667 ± 0.577   3.433  ± 0.493   3.000 ± 1.000   

0.2 3.333 ± 1.528   3.300 ± 0.361   3.67  ± 2.08   

0.3 2.667 ± 1.155   3.267  ± 0.586   2.000 ± 1.000   

0.4 4.000 ± 1.000   3.1667 ± 0.1528   1.667 ± 0.577   

0.5 3.333 ± 1.528   4.567  ± 1.193   1.667 ± 0.577   

Data presented are means ± standard deviation 

 

Figure 9: Effect of Different BAP Concentrations on Number of Shoot Formation 

(Yellow Pitaya) 

 

Figure 10: Effect of Different BAP Concentrations on Shoot length (Yellow 

Pitaya) 

 

Figure 11: Effect of Different BAP Concentrations on Number of root (Yellow 

Pitaya) 
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Figure 12: Effect of Different BAP Concentrations on Number of Shoot 

Formation (White Pitaya) 

 

Figure 13: Effect of Different BAP Concentrations on Shoot length (White Pitaya) 

 

Figure 14: Effect of Different BAP Concentrations on Number of root (White 

Pitaya) 

 

Figure 15: Effect of Different BAP Concentrations on Number of Shoot 

Formation (White Pitaya) 

 

Figure 16: Effect of Different BAP Concentrations on Shoot length (Red 

Pitaya) 

 

Figure 17: Effect of Different BAP Concentrations on Number of root 

(Red Pitaya) 

CONCLUSIONS 

The best alternative approach for producing large amounts of disease-

free, true-to-type planting material in the pitaya industry is in vitro 

propagation [39]. This study provides a successful protocol for 

micropropagation of three different pitaya varieties (Yellow, Red and 

White). On the micropropagation of various pitaya types, the effects of 

the media made with various BAP concentrations were assessed. The 

development of shoots, production of roots, and length of shoots were 

examined in media formulations with various concentrations of BAP and 

pitaya types. The inclusion of plant growth regulators such as BAP (0.4 
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mg/l and 0.5 mg/l) in culture media has been able to boost the elongation 

of the shoots, which may lead to the conclusion that the technique of 

micropropagation of pitaya types can be improved. Both of Red and 

White pitaya varieties were shown to be able to regenerate a substantial 

amount of roots on hormone-free medium, whereas Yellow pitaya kinds 

were found to develop roots well on the medium containing MS with 0.4 

mg/l BAP. It is anticipated that several investigations would produce 

fruitful outcomes [40]. The outcomes will offer very effective reference 

methods for pitaya micropropagation. 
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