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ABSTRACT A protocol for in vitro regeneration of Vanda hastifera via protocorm-like bodies (PLBs) induction from the leaf 
section was established. In this study, young leaves from the in vitro-grown seedlings of V. hastifera were divided into apical 
and basal segments and cultured on Mitra basal media. The effect of individual and combinations of plant growth regulators 

(PGRs) including 6-benzylaminopurine (BAP), kinetin, -naphtaleneacetic acid (NAA), indole-3-butyric acid (IBA) and 
indole-3-acetic acid (IAA) at different concentrations were studied. PLBs were initiated at the cut-end surfaces after 35 days 
of culture via direct or indirect regeneration pathways. The addition of PGRs singly promoted the formation of (PLBs) from 
both leaf segments, however, the combination of 4.0mg/L of BAP + 4.0mg/L of NAA obtained the highest PLBs formation 
(10.45 ± 2.47) from the leaf base explant. The present finding holds significant importance as it not only promotes large-
scale cultivation but also contributes to the conservation of this native orchid species. 
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INTRODUCTION  

Orchidaceae is among the largest and most diverse families of flowering plants, estimated to 

contain 28, 000 species from 736 genera (Christenhusz & Byng, 2016). Vanda hastifera is an epiphyte 

orchid endemic to Borneo which can be found distributed in Mt. Kinabalu and Tambunan areas in 

Sabah. The flowers of this orchid are large and sweetly scented, with colour ranges from white to 

cream with reddish-brown blotching, and it flowers throughout the year (Chan et al., 1994). Illegal 

collection and habitat destruction for land development have posed a significant threat to the wild 

orchid population (Besi et al., 2020; 2021; Juiling et al., 2020). Due to these harmful activities, many 

wild orchid species including V. hastifera have become extremely rare with some have been driven to 

extinction. Hence, the development of an effective conservation strategy becomes crucial to 

preserving and propagating orchids, not only for conservation purposes but also for horticultural 

exploitation, which can be achieved through techniques like plant tissue culture.  

 

Despite the large number of orchid species in Borneo, efforts to conserve these native species 

through biotechnology approaches remain limited. For Vanda orchids, the application of plant tissue 

culture has been manipulated for years to conserve several rare species including V. dearei (Jualang et 

al., 2014), V. helvola (David et al. 2015), V. brunnea (Nowakowska et al., 2022), and V. tessellata (Manokari 

et al., 2022). Micropropagation through leaf sections or whole leaves has been identified as a 

promising approach for regeneration. This method is preferred because leaf explants are readily 

obtainable, less costly to the mother plant, and accessible throughout any season, in contrast to 

inflorescence explants (Chookoh et al., 2019). The in vitro regeneration from the leaf culture could be 

achieved via protocorm-like bodies (PLBs) formation. The term “PLBs” refers to the specific type of 

protocorm-producing germination, which is a characteristic feature of orchids (Cardoso et al., 2020). 

The incorporation of various types of PGRs in the culture media was beneficial to stimulate the PLBs 
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formation from leaf explant culture (Manokari et al., 2021). This approach was successfully 

demonstrated in V. cristata (Pathak et al., 2022) and V. coerulea (Jitsopakul et al., 2013) enabling the 

large-scale regeneration from leaf explants while conserving the mother plant. Considering the 

endangered status of the native Vanda spp. in Borneo, we aimed to establish a suitable protocol for in 

vitro regeneration of V. hastifera via PLBs induction from the leaf segment culture. The established 

protocol may be exploited for large-scale propagation of this endogenous orchid as well as to 

reintroduce the in vitro regenerated plants into their natural habitats.  

 

 

METHODOLOGY 

 

Plant materials 

Young leaves from the in vitro-grown V. hastifera seedlings were sectioned into apical and base 

segments under sterile conditions, each measuring 0.5 cm2 in size as explants. 

 

Effect of singly and in combinations of PGRs on PLBs induction  

In this study, the leaves segments (apical and base) were cultured on Mitra basal medium (Mitra 

et al., 1976) supplemented with individual PGRs including BAP, kinetin, NAA, IBA and IBA at 1.0, 

2.0, 4.0 and 6.0 mg/l of concentrations. To see the effect of PGRs in combination, NAA and BAP were 

selected and tested at various concentrations. All treatments were fortified with 2 g/L of peptone and 

2% (w/v) of sucrose before being adjusted to pH 5.6. Finally, the media was solidified with 0.8% (w/v) 

of agar (Sigma), followed by sterilization at 121 °C for 20 minutes. All cultures were maintained at 

the temperature of 25 ± 2 °C under 16 h of photoperiods (20-50 µmol m-2 s-1) provided by cool white 

florescent tubes (Philips, Malaysia).  

 

Data collection and statistical analysis  

Five leaf explants were cultured on every plate, with each treatment consisting of five replicates. 

Subculturing into the fresh medium was performed at four-week intervals. After 60 days of culture, 

data including the days to PLBs initiations, the percentage of explant producing PLBs, the average 

number of PLBs produced per responsive explant, as well as the PLBs generation pathways were 

recorded. All data were analyzed using IBM SPSS Statistics and subjected to analysis of variance 

(ANOVA). Mean comparisons of the data were conducted using Duncan's multiple range tests with 

a significance level set at p < 0.05. 

 

 

RESULT AND DISCUSSION 

 

Effect of individual PGR on PLBs induction 

The effect of individual PGRs including BAP, kinetin, NAA, IAA, and IBA was tested on the leaf 

explants (apical and base segments) at different concentrations specifically 1, 2, 4, or 6 mg/L. Medium 

devoid of any PGRs served as control. During this study, two regeneration pathways for protocorm-

like bodies (PLBs) induction were observed (Figure 1). The first pathway is the direct formation of 

PLBs without the callus phase. The second pathway is the indirect pathway which involves an 

intermediary callus phase. When treated with BAP alone, the cut end of the leaf explant was observed 

to be swollen, and it was later developed into PLBs within 37 days of culture. Adding 2mg/L of BAP 

has promoted the highest PLBs formation at an average of three PLBs per responded explant (32%) 

(Table 1). Meanwhile, the addition of kinetin at 1, 2, and 4 mg/L only promoted an average of one 

PLB per responded explant. Treatment with individual auxin (NAA at 1 or 2 mg/L) promoted an 
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average of one PLB per responsive explant. Meanwhile, the addition of IAA and IBA at all 

concentrations failed to stimulate the formation of any PLBs. 

 

 

 
Figure 1. PLBs induction pathways from leaf base explant. A, B, C, F: Direct pathway (1st pathway); 

A, D, E, F: Indirect pathway with intermediary callus phase (2nd pathway). Bar: 0.5 cm 

 

In this study, PLBs were predominantly initiated on the cut-end surface of the leaf base explant of 

V. hastifera rather than on the leaf tip explant. According to Antony et al. (2014), this phenomenon was 

attributed to the activation of previously inactive cells near the cut surface, leading to cell 

proliferation. The current findings are consistent with previous studies that have reported the 

effectiveness of leaf base section in promoting PLBs induction in certain orchid species including V. 

cristata (Pathak et al., 2022), Rhynchostylis retusa (Kumari & Pathak, 2021), and Tolumnia orchids 

(Chookoh et al., 2019).  

 

Effect of PGRs in combinations 

To increase the PLBs induction from both leaf segments of V. hastifera, the combination of BAP and 

NAA was tested at different concentrations of 1, 2, 4, and 6 mg/L. The result revealed that, although 

PLB initiation was observed in both leaf segments, it was found that the culture of the leaf base 

yielded more favourable results compared to the use of leaf tip explants. When using leaf bases as 

explants, the combination of 4.0 mg/L NAA + 4.0 mg/L BAP promoted an average of 10 PLBs within 

60 days of culture (Table 2). On the other hand, the culture of leaf apical explant only produced an 

average of six PLBs on the same treatment (4.0 mg/l NAA + 4.0 mg/l BAP). All treatments have 

promoted the PLBs formation via an indirect regeneration pathway which involved an intermediary 

callus phase.  

 

The concentration range between auxin and cytokinin is essential for the success of PLBs induction 

(Zakaria et al., 2021). The current finding is in line with Pathak et al. (2022) that the combination of 8.8 

µM of BAP + 10.6 µM of NAA has successfully promoted in vitro regeneration from the leaf base 

culture of V. cristata. Previously, the combination of BAP and NAA was also reported beneficial in 

promoting PLBs induction from the leaf culture of Rhynchostylis gigantea (Pathak et al., 2017), Aerides 

multiflora (Bhowmik & Rahman, 2020) and Vanilla planifolia (Malhotra et al., 2021). 
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Table 1. Effects of individual PGR on PLBs induction from leaf base and apical segments of 

V. hastifera, cultured on Mitra (Mitra et al., 1976) medium under 16 h photoperiod at 25±2 °C 

for 60 days. 

PGRs 

concentration 

(mg/L) 

Explant-

producing PLBs 

(%) 

PLBs per responsive explant 

(Mean ± SD) 

PLBs 

induction 

(days) 

PLBs 

induction 

pathway 

apical base apical base apical base apical base 

Control 0 0 0 0 0 - - - - 

BAP 1.0 16abc 20abc 2.20 ± 2.05a 1.70 ± 1.48ab 37 37 1st 1st 

 2.0 16abc 32a 0.90 ± 0.89ab 3.15 ± 2.98a 37 37 1st 1st 

 4.0 0 24ab 0 1.70 ± 1.20ab - 37 - 1st 

 6.0 0 12abc 0 2.20 ± 2.05ab - 40 - 2nd 

Kinetin 1.0 12abc 12abc 1.00 ± 0.9ab 1.20 ± 1.10ab 40 37 2nd 1st 

 2.0 8bc 16abc 1.00 ± 0.9ab 1.50 ± 1.50ab 40 37 2nd 1st 

 4.0 0 8bc 0 1.60 ± 1.41ab - 40 - 2nd 

 6.0 0 4c 0 0.40 ± 0.29b - 37 - 2nd 

NAA 1.0 16abc 16abc 1.20±1.10ab 1.10±1.02ab 45 45 2nd 2nd 

 2.0 8bc 12abc 0.60±0.55b 0.60±0.55b 45 45 2nd 2nd 

 4.0 0 4c 0 0.40±0.39b - 45 - 2nd 

 6.0 0 0 0 0 - - - - 

IAA 1.0 0 0 0 0 - - - - 

 2.0 0 0 0 0 - - - - 

 4.0 0 0 0 0 - - - - 

 6.0 0 0 0 0 - - - - 

IBA 1.0 0 0 0 0 - - - - 

 2.0 0 0 0 0 - - - - 

 4.0 0 0 0 0 - - - - 

 6.0 0 0 0 0 - - - - 

Mean values within a column followed by the same letters are not significantly different at p<0.05 according to 

Duncan’s Multiple Range Test; n=5 per treatment, conducted in 5 replicates. SD= Standard Deviation. 1st 

pathway: Direct pathway; 2nd pathway: Indirect pathway 

 

 

CONCLUSION 

Traditionally, plant tissue culture techniques have been used for asymbiotic seed germination in 

many orchid species, leading to the development of heterozygous plants. Therefore, the 

establishment of in vitro regeneration protocols for orchids from various vegetative explants is 

essential to maintain genetic stability. The current study has established a straightforward and 

efficient method for inducing PLBs from V. hastifera leaf segments. Both leaf segments responded to 

PLBs initiation, however, the leaf base culture produced better results. The incorporation of 4.0 mg/L 

of BAP + 4.0 mg/L of NAA in Mitra basal medium has resulted in the highest number of PLBs 

generated from the leaf base culture of V. hastifera after 60 days maintained under 16 h photoperiod. 

These findings underscore the effectiveness of leaf base culture and the fortification of NAA and BAP 

for the large-scale propagation of this native orchid. 
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Table 2. Effects of BAP and NAA in combinations on PLBs induction from leaf base and apical 

segments of V. hastifera, cultured on Mitra (Mitra et al., 1976) medium under 16 h photoperiod 

at 25±2 °C for 60 days. 

Treatment 

(mg/L) 

Explant-

producing PLBs 

(%) 

No. PLBs per responsive 

explant (mean ± SD) 

Days to PLBs 

formation 

(days) 

PLBs 

induction 

pathway 

NAA BAP Apical Base Apical Base Apical Base Apical Base 

1.0 1.0 5de 45b 1.50±1.00bcd 4.46±1.73b 39 39 2nd 2nd 

1.0 2.0 5de 43b 1.50±1.00bcd 4.13±2.85b 39 35 2nd 2nd 

1.0 4.0 12cde 64ab 3.00±2.83abcd 8.03±2.68ab 38 35 2nd 2nd 

1.0 6.0 16bcde 48b 4.20±3.90abc 8.22±3.30ab 38 35 2nd 2nd 

2.0 1.0 12cde 44b 3.60±3.36abcd 4.37±2.53b 38 35 2nd 2nd 

2.0 2.0 4de 48b 0.40±0.29cd 6.03±3.41ab 38 35 2nd 2nd 

2.0 4.0 8cde 68ab 0.60±0.50cd 7.90±2.54ab 38 35 2nd 2nd 

2.0 6.0 20abcde 72a 3.40±2.70abcd 8.40±2.88ab 38 35 2nd 2nd 

          

4.0 1.0 40a 55ab 4.29±1.16abc 7.73±4.65ab 38 35 2nd 2nd 

4.0 2.0 16bcde 60ab 2.70±2.54abcd 6.05±5.35ab 38 35 2nd 2nd 

4.0 4.0 36ab 64ab 6.27±3.59a 10.45±2.47a 38 35 2nd 2nd 

4.0 6.0 8cde 60ab 1.80±1.69bcd 7.90±2.96ab 38 35 2nd 2nd 

6.0 1.0 28abc 44b 5.30±3.67ab 8.43±2.76ab 38 35 2nd 2nd 

6.0 2.0 20abcde 40b 1.90±1.82bcd 6.90±2.04ab 38 35 2nd 2nd 

6.0 4.0 24abcd 48b 3.40±1.14abcd 6.17±3.07ab 38 35 2nd 2nd 

6.0 6.0 40a 68ab 2.93±1.49abcd 7.93±1.69ab 38 35 2nd 2nd 

Mean values within a column followed by the same letters are not significantly different at p<0.05 according to 

Duncan’s Multiple Range Test; n=5 per treatment, conducted in 5 replicates. SD= Standard Deviation. 1st 

pathway: Direct pathway; 2nd pathway: Indirect pathway 
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