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ABSTRACT

Lateral buds of Vanda x Miss Joaquim were cultured on a modified agar medium
containing 10% coconut water and 0.1 mg/l a-naphthalene acetic acid for one month before
being transferred to a liquid medium. Histological analysis was carried out on paraffin sections
stained with hematoxylin. The cultured buds on an agar medium resembled a typical angiosperm
shoot apex. After leaf excision, some of these buds initiated meristematic cells on the abaxial
position of young leaves. Serial sections revealed that callus formation originated from a single
meristematic cell that had dense cytoplasm with a large nucleus. The calli were composed of
parenchyma cells bounded by an epidermis-like layer and subsequently these cells differentiated
into protocorm-ike bodies when they were submerged in a liquid medium.

INTRODUCTION

Success in clonal propagation of orchids through tissue culture has been reported by
many researchers!. For commercial proposes, multiplication of a desired orchid plant by tissue
culture technology is satisfactory. However, anatomical study and origin of callus tissue is
inadequate. Morel” studied organogenesis of Cymbidium and Cattleya and reported that
protocorm-like bodies (plb) usually appeared in epidermal and hypodermal layers. Intuwong and
Sagawa® reported that young inflorescence of Sarcanthine orchid showed clusters of meristematic
activities in the hypodermal layers of rachis, from which plb developed. Vajrabhaya and
Vajrabhaya (personal communication) noted that new tissues of Dendrobium inflorescence
derived from epidermis.

Since literature on the histology of orchid callus is still limited and most work was
done on sympodial orchids, the purpose of this paper is to present the results on the origin
of callus formation of monopodial orchids.

MATERIALS AND METHODS

Lateral buds of Vanda x Miss Joaquim, a monopodial orchid, which is the hybrid of
Vanda teres (Roxb.) Lindl. x Vanda hookerana Rchb. £ were excised aseptically following the
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method described by Kunisaki et a/l0. Briefly, stems were topped at the node of the seventh
leaf and cut into 1.5-2 inch sections. These sections were surface-sterilized in the solution of
10% Clorox for 10 min. Leaf beyond the sheath was removed and sections were transferred
to 5% Clorox for 5 min. After thoroughly rinsing in sterile distilled water, these buds were
excised and placed on modified medium (Table 1) supplemented with 10% coconut water (CW)
and 0.1 mg/l a-naphthalene acetic acid (NAA). The cultures were incubated at 27 + 2°C under
fluorescent lamps adjusted to intensity ranging between 2,000-3,000 lux for 14 hours each day.
A month after initial culture, young leaves covering the buds were cut. The defoliated explants
were placed in a liquid medium without sucrose. Liquid cultures were continuously agitated at
ca. 100 rpm on a reciprocating shaker for another 1-2 months. The serial sections (10 um) were
prepared from tissues fixed in FAA, dehydrated through a tertiary butyl alcohol series and
subsequently stained in hematoxylin.

RESULTS

During the first month of culture on an agar medium, Vanda buds swelled considerably
and became semi-spherical due to the development of leaf primordia (Fig. 1a). Observation under
a light microscope revealed that the anatomy of the cultured buds was resembled natural buds
(Fig. 1b). Removal of leaf primordium and apex was necessary before transferring to a liquid
medium to induce proliferating bodies; if this is not done, the young leaves elongated and each
bud grew into a single plantlet (Fig. 1c). Greater proliferation was achieved when buds were
cultured in a liquid medium and the plb was green and healthy and there was no necessity
for cutting these plb since they were separated easily by agitation (Fig. 1d).

Microscopic examination of the serial sections showed that eight buds out of twenty
five initiated meristematic cells on the leaf epidermis of young leaves (Fig. 2a). The newly formed
tissue originated from this single meristematic cell that had a dense cytoplasm with a large,
well-stained nucleus (Fig. 2b). Rich cytoplasm of the cell was quite conspicuous in contrast to
the original surrounding cells. Fig. 2a also showed scattered single meristematic cells on the
abaxial position of young leaves.

The first division of the single cell was anticlinal, giving rise to the two-celled stage
(Fig. 2¢). The second division of the two-celled stage took place in both cells simultaneously,
forming the four-celled stage (Fig. 2d). Shortly afterwards in four-celled stage, daughter cells
underwent periclinal division (Fig. 2e) resulting in the formation of a globular structure (Fig. 2f).
From this stage, rows of meristematic cells increased in extent by anticlinal and periclinal division
so that callus mass developed in large numbers over this area (Fig. 3a). The sections also showed
that the calli were composed of small prominent and isodiametric parenchyma cells formed
on the surface of this callus (Fig. 3b) resulting in shoot apex-like structure or meristemoid (Fig. 3c).
Many meristemoids in different stages were observed over a broad area of the leaf and showed
no continuity of vascular traces to parental tissue (Fig. 3d).

DISCUSSION

It is considered that Vanda callus was first initiated while cultured on an agar medium
owing to the removal of leaf primordium. Effect of wounding has been clearly shown on a
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TABLE 1. Composition of medium used in culturing Vanda buds

Constituents Concentrations (mg/l)

Major elements

KNO4 2,500
MgSo,4.7H,0O 400
NH4H,PO, 300
CaCl,.2H,0O 200
Iron compound
F.SO,4.7H,O 15
Na,EDTA 20
Minor elements
MnCl,.4H,0 2
H3POg 1
ZnSO,4.7Hj0 0.1
CoCl,.6H,O 0.02
CuCl,.2H,O 0.01
Organic addenda
Myo-inositol 100
Nicotinic acid 5
Glycine 2
Pyridoxin HCI 0.5
Thiamine HCI 0.5
Folic acid 0.5
Biotin 0.05
Sugar
Sucrose 20,000
Auxin

NAA 0.1
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Fig. 1. Lateral bud of Vanda cultured on an agar medium {-a) semi-spherical shape (b) cross section of bud (¢) single

plantlet from an uninjured bud cultured in a liquid medium (d) protocorm-like bodies forming on the surface

of defoliated bud.
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Fig. 2. Histology of Vanda bud cultured on an agar medium after leaf excision showing (a) scattered meristematic cells
on young leaves (arrows) (b) a single meristematic cell with densely stained cytoplasm and nucleus (c) the two-
celled stage derived from anticlinal division of the single cell (d) the four-celled stage (e) appearance of periclinal
division (arrow) at the four-celled stage (f) the rising of daughter cells resulted from periclinal division.
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Fig. 3. (a) Callus originating from a single meristematic on the surface of young leaf (b) compact callus composed of
small dense parenchyma cells bounded by an epidermis-like layer (c) later stage of (b) show growing point
or meristermnoid (d) formation of several meristemoids without direct connection to the leaf cells below.
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variety of explants® 10 11,12, Besides wounding, the balance of concentrations of auxins and
cytokinins is changed and the new; balance promotes callusing. Additions of CW to the medium
invariably enhance callus proliferation since CW contains several growth regulators.

Multiplication of plb is usually carried out in a liquid medium. The advantage of a
liquid medium is that released waste substances are diluted and not accumulated around the
explants. There is better O, supply in a liquid medium and the transport of nutrients is mote
effective, hence increase in growth rate of plb. Growth and proliferation of plb depend on the
type of tissue and the composition of the nutrient medium used!. In our experiment the
addition of sucrose, the source of carbon and energy in all synthetic media, affected growth
of Vanda buds. This is in accord with other vandaceous orchids!0 12, 14, The reason for this
is not quite understood; however, electron microscopic studies have shown that cells of tissue
in a medium containing sucrose have lost their integrity, and parts of the cell ultrastructure were
damaged. Elimination of sucrose from the medium produced healthy tissues!4. Toxic substances
produced by the interaction of sucrose, CW and other nutrients during autoclaving is probably
another factor causing buds to turn yellow and become necrotic!®.

In orchid tissue culture from meristem, inflorescence and leat’ S, the calli formed at first
on explants differentiated into plantlets. In the culture of buds reported here, the single epidermal
cells which retain meristematic potential develop indirectly somatic embryogenesis with an
intervening callus stage. Such indirect embryogenesis has been described in Ranunculus
sceleratus'6 and Daucus carotal”. In early stages of the regeneration of these plants, the mode
of epidermal cell division is quite similar to that of embryogenesis from Vanda leaf epidermis.
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