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Abstract
Somatic embryogenesis is one of techniques in plant micropropagation. The induction
of somatic embryogenesis through callus phase was done on Vanda tricolor Lindl. var.
pallida. This study aimed to find out the effect of naphtalene acetic acid (NAA) and
benzyl amino purine (BAP) in inducing somatic embryogenesis via callus on the basal
leaf segments of Vanda tricolor Lindl. var. pallida. The half-strength of Murashige and
Skoog (⋅ MS) medium with 1 % sucrose, incorporated with (0.02 mg ⋅ L−1 and 0.05
mg ⋅ L−1) NAA and also 0.01 mg ⋅ L−1 BAP were used in this experiment. The best
medium for embryogenic callus formation and proliferation was 0.05 mg ⋅ L−1 NAA in
combination with 0.01 mg ⋅ L−1 BAP. The formation of somatic embryos occurred 30
d after the calluses were cultured on to ½ MS without the addition of plant growth
regulator and subsequently formed shoots.

Keywords: basal leaf segments; somatic embryogenesis; Vanda tricolor Lindl. var.
pallida.

1. Introduction

Vanda is one of orchid genera that consist of about 50 species. This genus is popular
because its flower has an attractive color, big size and in particular species, it has a
fragrant aroma. Until today, the reproduction of orchid is carried out by using semi-
conventional method, where the orchid is crossed with itself or with the other plant
but still is the same species. After that, the resulting seeds are usually cultured on the
culture media and then grown until they reach the ideal condition for acclimatization.
This procedure cause the offsprings are different from the parental. In addition, the
time needed to produce the offsprings is too long.

One method for rapid propagations of orchid is the production of protocorm-like
bodies (PLBs). The success of PLBs production is depend on the explants type, plant
genotype, and plant growth regulator in the culture medium. Somatic embryos on
orchid have been proven to have the same structure as protocorm, so that they are
called protocorm-like bodies [1].

The process in which the somatic cells develop into embryos without performing
gamete fusion is called somatic embryogenesis [2]. Somatic embryo not only can
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be formed directly from cell and tissue or organ, but also through indirect pathway
from callus. The stages in the indirect somatic embryogenesis are the induction of
embryogenic callus, the embryo maturation, and the germination phase in order to
produce a whole plant. Every step in the somatic embryogenesis needs the help of
auxin and cytokinin in different combination ratio. Auxin has important role in somatic
embryogenesis for induction and proliferation of embryogenic callus [3]. Rianawati et.
al. [4] reported that callus induction from leaf segments of Phalaenopsis sp. developed
on½MSmedium incorporated with 10 mg ⋅ L−1 2,4-Dichlorophenoxyacetic acid (2,4-D)
and 0.1 mg ⋅ L−1 Thidiazuron (TDZ).

Study of somatic embryogenesis, especially on Vanda tricolor Lindl. var. pallida, has
not been done before. Yet it has been done on another variety, e.g. Dwiyani et. al. [5]
investigated callus induction on Vanda tricolor Lindl. var. suavis. The attempt tomultiply
Vanda tricolor Lindl. var. pallida via callus phase to form somatic embryo is needed to
support the development of transgenic orchids and the conservation of rare orchids
spesies. The objective of this experiment was to discover the effect of NAA and BAP
in inducing somatic embryogenesis via indirect pathway on the basal leaf segments
of Vanda tricolor Lindl. var. pallida.

2. Materials and methods

2.1. Materials

Explants source was the plantlet of Vanda tricolor Lindl. var. pallida collected from Han-
doyo Budi Orchid, Malang, East Java Province, Indonesia. The explants used were basal
leaf segments. Murashige-Skoog (MS) (Phytotech) was used as the culture medium.
NAA and BAP were the plant growth regulators applied as treatments.

2.2. Methods

This experiment was conducted with completely randomized design by using twenty
explants per treatment. The treatments were (i) 0.02 mg ⋅ L−1 NAA; (ii) 0.05 mg ⋅ L−1

NAA; (iii) 0.02 mg ⋅ L−1 NAA + 0.01 mg ⋅ L−1 BAP; (iv) 0.05 mg ⋅ L−1 NAA + 0.01 mg ⋅ L−1

BAP; and (v) without NAA and BAP.

The basal leaf part was excised and cultured aseptically inside the culture bottle
contained ½ MS medium with 1 % sucrose [6, 7], incorporated with the plant growth
regulator(s) according to each treatment. The cultures were incubated in an incubator
room at temperature of (24 ± 1) ∘C with 3 000 lux light intensity (1 lx = 1 lm ⋅m−2) . The
subculture was performed in every 4 wk into the same treatment media. The resulting
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Treatment Starting date of callus
initiation (average)+)

No. of explant formed
callus (%)

No. of explant formed
embryogenic callus

(%)

Without plant growth
regulator

- - -

0.02 mg ⋅ L−1 NAA 120 ± 5.7𝑎 5(1/20) -

0.05 mg ⋅ L−1 NAA 75 ± 3.9𝑐 35(7/20) 29(2/7)

0.02 mg ⋅ L−1 NAA +
0.01 mg ⋅ L−1 BAP

90 ± 8.6𝑏 15(3/20) 67(2/3)

0.05 mg ⋅ L−1 NAA +
0.01 mg ⋅ L−1 BAP

60 ± 7.5𝑐 45(9/20) 77(7/9)

+)Mean± SD values followed by different letter in the same column are significantly different
based on DMRT test (p = 0.05)

T˔˕˟˘ 1: The starting date of callus initiation, the percentage of explant formed callus, and the percentage
of explant formed embryogenic callus on Vanda tricolor Lindl. var. pallida.

calluseswere sub cultured into½MSwith 1% sucrose but without the addition of plant
growth regulator in order to induce somatic embryo.

Observation was conducted in every week, including the starting date of callus
initiation, the percentage of explant formed callus, the percentage of explant formed
embryogenic callus, and the callus morphology. The data of ’the starting date of callus
initiation’ was analyzed statistically by ANOVA, followed by Duncan’s Multiple Range
Tests (DMRT) at 𝛼 = 0.05.

3. Results and discussion

3.1. Initiation and proliferation of embryogenic callus

Initially, there is a swelling on the basal part of the leaf explant (Fig. 1A) that has
occurred at 60 d after culture on the ½ MS medium contained plant growth regulator,
while on the control (without the addition of plant growth regulator), the explants
show necrosis sign and subsequently dies. The callus formation (Fig. 1B) occurs at 60
d on the explants treated by 0.05 mg ⋅ L−1 NAA + 0.01 mg ½ L−1 BAP and at 75 d on the
explants treated by 0.05 mg ⋅ L−1 NAA. The both treatments do not differ significantly,
but faster than the explants treated with 0.02 mg ⋅ L−1 NAA and the treatment with the
addition of 0.02 mg ⋅ L−1 NAA + 0.01 mg ⋅ L−1 BAP (Table 1). According to Arditti [8], the
meristematic area on the orchid leaf was limited on the epidermal cell from the basal
part of the leaf. That is the reason, the swelling response on the explant continued
with callus formation only occurs on the basal part of the leaf explants.

In the process of callus proliferation, the callus surface was starting to form a shiny
green spheres at 90 d (Fig. 1C). In this experiment, 0.05 mg ⋅ L−1 NAA combined with
0.01 mg ⋅ L−1 BAP is capable to induce embryogenic callus, whereas 0.02 mg ⋅ L−1
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Figure 1: Early development of callus initiation on inner part of basal leaf segments A. The basal leaf
explant is swelling; B. Callus initiation on basal leaf explant; C. Callus proliferation.

Treatment Callus morphology

Without plant growth regulator No callus is formed, the explants tissue is died

0.02 mg ⋅ L−1 NAA Yellowish callus, no nodule is formed on the explants
surface

0.05 mg ⋅ L−1 NAA Yellowish callus, only a small part of the explants
surface forms nodule

0.02 mg ⋅ L−1 NAA + 0.01 mg ⋅ L−1

BAP
Green callus, only a small part of the explants surface
forms nodule, shiny

0.05 mg ⋅ L−1 NAA + 0.01 mg ⋅ L−1

BAP
Green callus, most of the explants surface forms
nodule, shiny

T˔˕˟˘ 2: Callus morphology on basal leaf segments of Vanda tricolor Lindl. var. pallida at 120 d.

NAA alone is not effective to produce the embryogenic callus. Some researchers also
reported that callus induction and proliferation of some orchid species, e.g. Cymbid-

ium (Swartz.) [9], Phalaenopsis (Blume.) [10], Dendrobium (Swartz.) [11], and Coelogyne

cristata (Lindl.) [12] occurred on the medium that contained both auxin and cytokinin,
where the auxin concentration was higher than the cytokinin. The optimum concen-
tration of NAA in this experiment is 0.05 mg ⋅ L−1, supposing that it is lower than the
previous study on somatic embryogenesis in Vanda [5, 13].

The highest percentage of callus formation (45 %) and of embryogenic callus (77
%) are taken place on the explants treated with 0.05 mg ⋅ L−1 NAA + 0.01 mg ⋅ L−1

BAP (Table 1). Visually, embryogenic callus is indicated by globular calluses on explant
surface that form shiny green nodules (Table 2 and Fig. 2A). In particular species,
somatic embryogenesis occurs because of the addition of cytokinin in combination
with auxin in higher concentration, so that the proliferation of embryogenic cells hap-
pens. Cytokinin is an important constituent in cell proliferation

3.2. Somatic embryo formation

The nodular callus (Fig. 2A) that has sub cultured into½MSmediumwithout the adding
of plant growth regulator, develops into an embryo somatic-like structure or generally
termed protocorm-like bodies (PLBs), just like described on Fig. 2B, 30 d after the initial
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Figure 2: Callus development on basal leaf segments of Vanda tricolor Lindl. var. pallida to form somatic
embryos and subsequently shoots A.Embryogenic calluses; B. Calluses are forming globular somatic
embryos on ½ MS medium; C. Somatic embryos development to form shoots.

culture. This result is in line with the study conducted by Huan et al. [8] on Cymbidium,
explaining that the PLBs formation from callus occurred on basal mediumwithout plant
growth regulator. In accordance with Mayer et al. [14], the adding of auxin could inhibit
the PLBs formation on Oncidium flexuosum (Sims.), while the lower concentration of
TDZ (1.5 𝜇M) could increase the PLBs formation.

3.3. Plant regeneration

Somatic embryos produced from calluses of Vanda tricolor Lindl. var. pallida develop
into shoots on ½ MS medium without plant growth regulator (Fig. 2C) 60 d after the
initial culture. The same result has been reported by Chen and Chan [15] in Phalaenopsis

amabilis [(L.) Blume]. On the contrary, Chen et al. [16] stated that PLBs fromflower peti-
ole explant of Epidendrum radicans (Lindl.) formed plantlets on MS medium contained
0.45 𝜇M TDZ. In this study, the somatic embryos of Vanda tricolor (Lindl.) var. pallida are
capable to form shoots on ½ MS medium without the help of plant growth regulator.
This finding is assumed to happen because the embryogenic callus is derived from
explants cultured on ½ MS medium incorporated with 0.05 mg ⋅ L−1 NAA and 0.01 mg
⋅ L−1 BAP, so that the effect of BAP is still exist on the embryogenic callus.

4. Conclusion

Embryogenic callus induction and proliferation from the basal leaf segments of Vanda
tricolor Lindl. var. pallida occur on ½ MS medium enriched with 1 % sucrose that also
contain 0.05 mg ⋅ L−1 NAA in combination with 0.01 mg ⋅ L−1 BAP. Embryogenic calluses
then form somatic embryos or PLBs on the same culture medium composition but
without plant growth regulator, followed by shoot formation.
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