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ABSTRACT

Eulophia nuda Lindl. (Family- Orchidaceae) is an endangered species which has vast potential medicinal
applications. It is naturally propagated through its tubers, yet, they only generate very few propagules.
Therefore, in the present investigation, an effective protocol has been established for the asymbiotic seed
germination and embryogenesis of E. nuda. Seeds from the capsules were used as a source of explant and
were cultured on Malmgren Modified Terrestrial Orchid Medium (MG), BM-1 Terrestrial Orchid Medium
(BM-1) and % Murashige and Skoog medium (MS). Selected media were also supplemented with coconut
water (15 % CW), IAA, Kn alone and in combination. From the results, it was observed that the seeds
germinated only on BM-1 media. The germination and embryo formation were recorded during 10-25
days, seed coat splitting during 25-50 days and development of protocorm like bodies during 60-90 days.
The explants grown on BM-1 supplemented with 15% CW & IAA and Kn alone and in combination showed
in vitro germination with globular embryo development in 3-4 weeks and development of protocorm in 4-
5weeks. The first leaf primordia development was highly influenced by addition of IAA &Kn, alone and in
combination with time required in range of 7-8 weeks. No leaf primordia development was observed on
BM-1 media supplemented with CW only. The results clearly confirmed that BM-1 Terrestrial Orchid
Medium was most favorable for the germination of seeds of E. nuda. The present research could be very
important for the conservation and extensive propagation of this highly important and medicinal orchid,
whose survival is under danger due to overexploitation.
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Introduction

Family Orchidaceae has ~32,000 species, distributed
in 800+ genera (Mercado and Delgado, 2020), which
are known for their exotic beauty and lengthy shelf
life. Many large, widespread, and prominent genera
are widely included in the IUCN Red Data Book
(IUCN, 2023). They face serious issues of extinction
and an uncertain future due to unethical collecting
practices for commercial objectives (Fay, 2018;

Wraith et al., 2020). Because of their extended juve-
nile stage, orchids naturally require a symbiotic re-
lationship with mycorrhiza for their seeds to germi-
nate and continue developing (Albores et al., 2005).
Orchids are also known to harbour medicinal prop-
erties (Paul et al., 2017). Among them, Eulophia is a
genus containing over 220 species, the majority of
which are found in Africa. Because of its unusual
ecosystem and wide-ranging decorative and medici-
nal qualities, this genus is extremely significant



5540

(Shriram and Kumar, 2021). About 40 of these spe-
cies are spread throughout tropical Asia, up to the
foothills of the Himalayas (Teoh, 2021). Eulophia
nuda Lindl. is commonly known as ‘Manya” in San-
skrit, ‘Salammishri” or ‘Goruma’ in Hindi, and as
‘Amarkand’ in Marathi. Besides that, among various
tribes, uses as medicines and food (rhizome) are
known (Dawande and Gurav, 2015). Tubers are ef-
fective against tumors, inflammation of bronchi, dis-
eases of the blood, as a vermifuge, etc. (Bhatt et al.,
2020). Orchid plants show flowering at 4-5 years,
but the majority of flowers do not pollinate natu-
rally, pollination occurs in only ~5% flowers, fertili-
zation of ovules and formation of capsules is also
rare (Roberts and Dixon, 2008).

Besides the conventional methods of vegetative
propagation, the in-vitro culture methods can be
used for large-scale multiplication (Nongdam et al.,
2023). Natural propagation is through its tubers, but
very few propagules are produced. In situ conserva-
tion methods have had mixed results due to the
poor germination and survival rates in natural set-
tings as well as the need for particular fungal inter-
actions (Shriram and Kumar, 2021). While several
reports on in vitro propagation of orchids are
known, in vitro culture of E. nuda seeds as explants
is scantily reported. Therefore, the objective of the
present study was to establish a method for its
propagation through seed germination in vitro and
embryogenesis.

Materials and Methods

Plants material

The plant material (pods) was collected from plants
of E. nuda, planted and maintained at the Botanical
Garden of the Department of Botany, Shardabai
Pawar Mahila Arts, Commerce and Science College,
Shardanagar, Baramati, Maharashtra, India. Seeds
were harvested from the pods and used as a source
of explants.

Media, Plant Growth Regulators and Organic
Supplements

Various basal media like %2 MS, MG and BM-1 were
used. These three media were supplemented with
organic supplement, coconut water (CW) (15%), and
plant growth regulators (PGRs) like, indole acetic
acid (IAA) alone (0.5-1.5 mg/1), kinetin (Kn) alone
(0.5-1.5 mg/1), and in combination were tested. As
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control, BM-1, MG, and % MS media without any
adjuvant were used.

Sterilization of the explant and inoculation

The pod was first washed under running tap water.
It was treated with 2-3 drops of Dettol in distilled
water, sterilized with 70% alcohol for 30 seconds,
treated with 1% Bavistin (fungicide) for 20 minutes
on shaker. The pod was transferred to a clean lami-
nar airflow chamber, 0.1%mercuric chloride (HgCl,)
treatment was carried out for 1 min., followed by
washing with sterile distilled water three times. The
pod was cut open by a sterile surgical blade, fol-
lowed by inoculation and culturing of seeds on BM-
1, MG, and ¥ MS media.

Incubation

Sterilized media (20-25 ml) of each composition was
dispensed per petri plate and inoculated with ster-
ilized seeds as explants. The cultures were incu-
bated at 25 + 2 °C under photoperiod of 16h (irradi-
ance of 40.54 pmol m?s?) and 50-60% relative hu-
midity (RH). After every 7-8 days, transfers to fresh
media were performed and responses were noted.

Statistical Analyses

For each experiment, three replicates were main-
tained. The observations were taken after four
weeks of the culture. The results were measured as
mean * standard error for three replicates. Compari-
son of means values for significant were done using
Duncan’s multiple range test (DMRT) at 5 % prob-
ability level. SPSS (16.0) software was used for sta-
tistical analysis.

Results and Discussion

Asymbiotic seed germination

Non-symbiotic germination of seed is significantly
affected by various factors such as seed age, compo-
sition of the media and PGRs used (Bhowmik and
Rahman, 2022). Wild, capsule bearing whole plants
(Fig. 1A, B) were used as a mother plant. Seeds (Fig.
1C) were taken out and inoculated on different me-
dia viz. 2 MS, BM-1 and MG. The germination was
observed only on BM-1 media on 10" day of culture.
However, other two media could not respond for
seed germination. Similarly, in previous studies,
maximum germination has been reached at different
stages of maturity, in E. nuda (Nanekar et al., 2014)
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and Dendrobium crepidatum (Gurung et al., 2020). The
findings suggested that species-dependent particu-
lar maturity stage has a major impact on orchid seed
germination in vitro. Furthermore, because orchid
cultures have a nutritional regime distinct to each
species, no single medium is suitable for all of them
(Nongdam et al., 2023). Various explants like inflo-
rescence, leaves, flowers, roots, and pseudo bulbs
(Martin and Madassery, 2006) have been used for in
vitro propagation of different commercial orchid
species like D. moschatum, D. palpebrae Lindl., Vanda

coerulea and many others (Bhowmik and Rahman,
2!'\")['\\

Fig. 1. Eulophia nuda used in the experiment: (A) whole
plant, (B) pod, (C) seeds.

Effect of media on seed germination and embryo
formation

BM-1 exhibited a notably greater proportion of ger-
minating seeds and development of embryo (Table
1), e.g. seed coat splitting was observed after 25 to
50" day of culture. The protocorm development was
recorded after 60" day of incubation. Positive effects
of BM-1 media on a symbiotic seed germination on

Table 1. Effect of different media for seed germination
and embryo formation in E. nuda

Media Incubation period (in days)

0-6 7-9 10-25 25-50 60-90
12 MS - - - - -
BM-1 - - + ++ +++
MG - - - - -

No embryo differentiation/germination -, Embryo differ-
entiation/germination +, Seed coat split ++, Protocorm
development +++.
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E. nuda are reported (Nanekar et al., 2014), which
agrees with the present study. Compared to the
other two media, BM1 had a noticeably higher pro-
portion of seed germination. Similarly, in our results
and in agreement with earlier reports, nutritional
media is very important for germination of seeds a
symbiotically and embryo formation (Pyati, 2022;
Nongdam et al., 2023).

Effect of PGRs on embryogenesis

Different PGRs like auxin (IAA) and cytokinin (Kn),
and coconut water (CW) as an organic supplement
were examined separately and in combination in
BM-1 media. Embryo showed swelling on each PGR
combination on BM-1 medium after 15 days incuba-
tion. Embryo emerged out from seeds by rupturing
test after 22 days. Globular embryo was observed
after 30 days. Average time taken for development
of globular embryo was 3-4 weeks. After 40 days
incubation period, embryo became yellowish and
after 53 days, embryo became greenish and leaf de-
velopment was observed. Protocorm developed
from globular embryo after 4"week and further first
leaf primordia in 7" week (Table 2).

In the present investigation, all the combinations
showed globular embryo, protocorm and first leaf
primordium development in E. nuda. However,
early protocorm development were observed on
BM-1 media incorporated with IAA (0.5 mg/I) alone
and also on IAA (1.5 mg/1) with Kn (0.5 mg/1) in
presence of 15 % CW during the 4™ week of incuba-
tion. Other studied media composition and their lev-
els showed the globular embryo, protocorm and first
leaf primordium development during 3-4* week, 4-
5" week and 7-8" weeks of incubation respectively.
These results suggested that IAA and Kn applica-
tion promotes differentiation of germinated orchid
seeds. Ony globular embryo (3-4" week) and
protocorm (4-5" week) were developed after the
application of 15 % CW in the BM-1 media; how-
ever, first leaf primordium was not developed after
this application. In this study, IAA alone showed a
positive response for the embryo development;
however, Kn and TAA in combination also showed
the embryo development in E. nuda. In earlier stud-
ies, 1-Naphthaleneacetic Acid (NAA) in combina-
tion with 6-Benzyleaminopurine (BAP) was a suit-
able medium for the shoot development in E. nuda
(Nanekar, 2014) and in E. graminea (Bhowmik and
Rahman, 2022).
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Table 2. In vitro germination and embryo formation of E. nuda Lindl. on BM-1 Terrestrial Orchid Media with differ-

ent plant growth regulators.

Media Plant growth regulators Average time (in weeks) taken for development
IAA Kin Globular Protocorm First leaf
(mg/1) (mg/1) embryo primordium
BM-1 0.0 0.0 - - -
BM-1 + 15 % CW 0.0 0.0 3-4 4-5 -
BM-1 + 15 % CW 0.5 3-4 4 7-8
BM-1 + 15 % CW 1.0 3-4 4-5 7-8
BM-1 + 15 % CW 1.5 3-4 4-5 7-8
BM-1 + 15 % CW 0.5 3-4 4-5 7-8
BM-1 + 15 % CW 1.0 3-4 4-5 7-8
BM-1 + 15 % CW 1.5 3-4 4-5 7-8
BM-1 + 15 % CW 0.5 0.5 3-4 4-5 7-8
BM-1 + 15 % CW 0.5 1.0 3-4 4-5 7-8
BM-1 + 15 % CW 0.5 1.5 3-4 4-5 7-8
BM-1 + 15 % CW 1.0 0.5 3-4 4-5 7-8
BM-1 + 15 % CW 1.5 0.5 3-4 4 7-8
>~ ol "
Fig. 2. Different developmental stages of E. nuda (A)An undifferenti-
ated embryo inside the seed coat(52x), (B&C) Emergence of
globular embryo(52x), (D) Green embryo(52x), (E&F) Globular
embryo with appendicle (arrow)(52x), (G&H) Protocorm with
first leaf primordium shown with arrow (52x), (I) Protocorm
with first leaf primordium with rhizoid (32.5x), (J) Protocorm
of pre-seedling stage with rhizoids at the base(32.5x).
Conclusion strated that BM-1 Terrestrial Orchid Medium was

In the present study, number of factors were opti-
mized, including the explant selection, media com-
position and plant growth regulators alone and in
combination with organic supplements. As a result,
an effective protocol has been established for the
optimum a symbiotic seed germination and em-
bryogenesis in E. nuda. The results clearly demon-

most suitable for germination of seeds. The current
findings might be crucial for the conservation and
widespread reproduction of this extremely signifi-
cant medicinal orchid, which is being threatened by
overexploitation.
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