
72

M
ys

or
e 

Jo
ur

na
l o

f A
gr

ic
ul

tu
ra

l S
ci

en
ce

s
Mysore J. Agric. Sci., 60 (1) : 72-82 (2026)

Standardization of Media for In vitro Culture Establishment and Shoot
Multiplication of the Endangered Orchid Eulophia nuda Lindl.

S. BASANA GOUDA1, P. VENKATESHA MURTHY2, K. S. NIRMALA3, C. SUNEETHA4 AND N. NAGESHA5

1,2&4Department of Horticulture, 5Department of Plant Biotechnology, College of Agriculture, UAS, GKVK
3Directorate of Post Graduate Studies, UAS, GKVK, Bengaluru - 560 065

e-Mail : basanagoudas1999@gmail.com

Received : October 2025

Accepted : November 2025

AUTHORS CONTRIBUTION

Corresponding Author :

S. BASANA GOUDA

Keywords : Conservation, Culture media, In vitro, Protocorm-like bodies, Seed germination

S. BASANA GOUDA :

Conceptualization, conduct
of experiment, manuscript
writing and data analysis

P. VENKATESHA MURTHY &
C. SUNEETHA :

Conceptualization,
experimental planning and
manuscript editing

K. S. NIRMALA &
N. NAGESHA :

Conceptualization, design,
experimental planning,
editing and guidance

ABSTRACT

A systematic investigation was undertaken to optimize in vitro propagation

protocols for Eulophia nuda Lindl. an endangered terrestrial orchid of tropical

Asia notable for its medicinal properties. In vitro culture techniques provide an

effective approach for the propagation and conservation of endangered species, while

the optimization of culture media is essential for successful seed development. Six

solid media formulations: Murashige and Skoog (MS) full and half strength,

Lindemann full and half strength and Orchimax full and half strength were

evaluated for seed germination and development of protocorm-like bodies (PLBs).

Orchimax full strength media supported the highest seed germination rate (92.20 %)

and the most rapid germination occurring at 66.60 days after culturing (DAC). PLBs

were established earliest (66.60 DAC) and most profusely (91.12 %) on the same

media. Optimal shoot induction was achieved using Orchimax full strength media

supplemented with BAP (1.0 mg/L) and NAA (0.5 mg/L), which resulted in early

shoot initiation (11.20 days), maximum shoot number (4.60 per explant) and maximum

shoot length (4.30/ cm) at 90 DAC. These findings establish an efficient in vitro

propagation system, facilitating large-scale multiplication and conservation of this

threatened orchid species.

THE Orchidaceae family represents one of the
largest and most diverse families of angiosperms,

encompassing about 28,000 species that are globally
distributed across various ecosystems with complex
ecological interactions (Fonseka, 2020). Terrestrial
orchids suchas Eulophia nuda Lindl. are significant
from both environmental and ethnomedicinal
perspectives, particularly in biodiversity hotspots like
the Western Ghats and Northeast India (Hada et al.,
2020). The tubers of E. nuda have been traditionally
used for medicinal purposes, including the treatment
of tumours, blood diseases, scrofulous neck glands
and respiratory ailments. These traditional uses

highlight their potential pharmacological benefits
(Misra et al., 2023).

Despite its economic and ecological value, the
population of E. nuda have declined due to habitat
degradation, climate change and overharvesting
driven by high demand for medicinal use (Ticktin et
al., 2023). Moreover, orchid seed germination in
natural habitat is limited by the species’minute
dust-like seeds that lack endosperm. Germination
depends on specific mycorrhizal fungi that support
nutrient provision during early developmental stages
(Zhao et al., 2021). This obligate mutualism and seed
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physiology contribute to low natural regeneration and
recruitment in wild populations (Fonseka, 2020).

Due to these constraints, asymbiotic seed culture has
emerged as a vital tool capable of circumventing
mycorrhizal dependence by providing sterile, nutrient
enriched environments conducive to seedling
development (Bhowmik and Rahman, 2020a). While
Murashige and Skoog (MS) media and Lindemann
media are widely used, their effectiveness varies
among orchid species, particularly terrestrial orchids
such as E. nuda (Kaladharan et al., 2024). Recently,
proprietary media like Orchimax, enriched with
organic nitrogen sources such as tryptone and
buffering agents like activated charcoal, have
demonstrated enhanced seed germination and
protocorm-like bodies (PLBs) development across
diverse terrestrial orchids (Yahya et al., 2024).

Regardless of broader applications in orchid tissue
culture, few studies have rigorously optimized culture
media specifically for E. nuda, a species categorized
as endangered (Dawande and Gurav, 2015). This work
systematically compares MS media, Lindemann media
and Orchimax media, both at full and half strength,
to establish a reproducible and efficient propagation
protocol capable of supporting the conservation and
sustainable use of this species. This research supports

Plate 1 : Morphological features of E. nuda: (A) Whole plant with tuber and roots; (B) Flower

ongoing efforts within global botanical conservation
frame works that emphasize biotechnological
interventions, including micropropagation and ex situ
germplasm preservation, for endangered orchid
species (Jolman et al., 2022 and Kaladharan et al.,
2024).

MATERIAL AND METHODS

Plant Material Collection

Mature specimens of E. nuda were collected from the
Halasi village forest area (15°31’50"N, 74°34’24"E)
in Belagavi, Karnataka, India and their identity was
confirmed by Dr. A.N. Shringeshwar, Botanist at the
Mahatma Gandhi Botanical Garden, University of
Agricultural Sciences, GKVK, Bengaluru.

In vitro Seed Sterilization and Culture Initiation

The collected specimens (Plate 1) were subsequently
maintained in the orchidarium at the Plant Tissue
Culture Laboratory, Department of Horticulture, UAS,
GKVK, Bengaluru. Following hand pollination, seed
capsules were harvested 150 to 180 days after
pollination to optimize embryo maturity. The
immature capsules were initially placed in a sterile
bottle containing 100 to 200 ml of distilled water with
1 to 2 drops of Tween 20 and sterilized for 30 minutes

Mysore J. Agric. Sci., 60 (1) : 72-82 (2026) S. BASANA GOUDA et al.
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with intermittent shaking. They were washed three
times with sterile distilled water for five minutes each
to remove all traces of Tween 20 from the surface of
the pods. Later, the capsules were treated with 0.2
per cent Bavistin solution, shaken continuously for
20 minutes and rinsed three times with sterile distilled
water for 5 minutes each. After, the capsules were
transferred to a sterile bottle containing freshly
prepared 0.1 per cent mercuric chloride solution,
where they were soaked for three minutes with
intermittent shaking. The solution was drained and
the explants were washed five times with sterile
distilled water to remove any remaining chemical
residues. Excess moisture was carefully removed
using sterile filter paper placed on sterile petri dishes.
In the end, the capsules were dipped in 70 per cent
ethanol and flamed for five seconds.

Seed Germination and Development of PLBs on
Various Culture Media

Six media treatments were prepared (Table 1):
Murashige and Skoog (full and half strength),
Lindemann (full and half) and Orchimax (full and half
strength) media and they were supplemented with
6 g/L agar and pH was adjusted to 5.70. Sucrose was
added at 30 g/L (Budensha et al., 2025) in Murashige
and Skoog media (MS) and 20 g/L in Lindemann and
Orchimax media. Orchimax media was enriched with
tryptone, MES buffer and activated charcoal (Yahya
et al., 2024). The compositions and concentrations of
all media are provided in Annexure (I to III). Ten
replications per treatment were conducted with

T
1

Murashige & Skoog (MS)
Full strength

T
2

Half strength

T
3

Lindemann orchid
Full strength

T
4

Half strength

T
5

Orchimax
Full strength

T
6

Half strength

TABLE 1

Culture media treatments for in vitro seed
germination and PLBs development in E. nuda

Treatment Solid media Media strength

approximately 150 to 200 seeds (equivalent to half a
spatula) transferred into each culture bottle using a
sterile spatula under a laminar airflow chamber (LAF)
(Bharath and Raju, 2023). Key parameters in the study
included days to seed germination, days taken for
PLBs formation, percentage seed germination and
establishment of PLBs. Specifically, days to seed
germination were recorded as the time from culture
initiation to embryo emergence, while days to PLBs
formation were noted from culture initiation until the
appearance of compact, globular, creamywhite to pale
green structures with distinct spherical protuberances.
The percentage of germination was calculated 90 DAC
as the number of seeds that formed embryos over the
total seeds sown and the establishment of PLBs was
evaluated at 120 DAC, representing the proportion of
seeds producing PLBs out of the total seeds
germinated. These parameters collectively provided
insights into the temporal progression and efficiency
of in vitro orchid seed germination and PLBs
development.

Culture Condition

The cultures were maintained under cool white
fluorescent illumination at a light intensity of
30-40 µmol m-² s-¹ (approximately 2000 lux) with a
16-hour photo period, at a constant temperature of
24 ± 2 °C.

Shoot Induction and Proliferation from PLBs
using Different Plant Growth Regulators (PGRs)

Among all the tested media, Orchimax full strength
media proved to be the most effective and was
therefore selected for further experiments. PLBs of
E. nuda measuring 4 to 5 mm, obtained from the
previous experiment were used as explants. The
influence of different concentrations of 6-Benzyl
amino purine (BAP), Kinetin (KIN) and Naphthalene
Acetic Acid (NAA), both individually and in
combinations, on the growth and proliferation of PLBs
was evaluated (Table 2). Observations were recorded
for days taken for shoot initiation, number of shoots
formed and shoot length (cm) after 90 DAC in the
shoot induction media for E. nuda.

Mysore J. Agric. Sci., 60 (1) : 72-82 (2026) S. BASANA GOUDA et al.
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Statistical Analysis

Statistical analysis was carried out using the F-test at
a 1 per cent level of significance and the critical
difference (CD) values were determined using the

T
1

Control

T
2

0.5

T
3

BAP 1.0

T
4

1.5

T
5

0.5

T
6

NAA 1.0

T
7

1.5

T
8

0.5

T
9

KIN 1.0

T
10

1.5

T
11

0.5 + 0.5

T
12

0.5 + 1.0

T
13

0.5 + 1.5

T
14

1.0 + 0.5

T
15

BAP+NAA 1.0 + 1.0

T
16

1.0 + 1.5

T
17

1.5 + 0.5

T
18

1.5 + 1.0

T
19

1.5 + 1.5

T
20

0.5 + 0.5

T
21

0.5 + 1.0

T
22

0.5 + 1.5

T
23

1.0 + 0.5

T
24

KIN+NAA 1.0 + 1.0

T
25

1.0 + 1.5

T
26

1.5 + 0.5

T
27

1.5 + 1.0

T
28

1.5 + 1.5

TABLE 2

Plant growth regulator treatments employed for
shoot induction and regeneration from PLBs of

E. nuda

BAP- Benzylaminopurine, KIN- Kinetin,
NAA- Naphthalene Acetic Acid

Treatment Concentration (mg/L)

Online Statistical Analysis Tool (OPSTAT) software
package.

RESULTS AND DISCUSSION

Effect of Different Basal Media on Seed
Germination and PLBs Development

Days taken for Seed Germination : The composition
and ionic strength of the culture media significantly
influenced the time required for seed germination in
E. nuda (Table 3). Early seed germination occurred
on Orchimax full strength solid media (T

5
) at 66.60

DAC, followed by Orchimax half strength solid media
(T

6
) at 70.90 DAC. In contrast, delayed germination

was recorded on full strength Lindemann solid media
(T

3
) at 88.90 DAC.

Germination Percentage (%) : The germination
percentage of E.nuda seeds at 90 DAC demonstrated
significant variation across the culture media tested.
The highest germination rate of 92.20 per cent was
observed on Orchimax full strength solid media,
followed by 88.66 per cent on Orchimax half strength
solid media. The lowest germination rate of 70.94
per cent, occurred on Lindemann full strength solid
media (Fig. 1).

T
1 
- MS full strength solid media 79.60

T
2 
- MS half strength solid media 74.10

T
3 
- Lindeman full strength solid media 88.90

T
4 
- Lindeman half strength solid media 83.90

T
5 
- Orchimax full strength solid media 66.60

T
6 
- Orchimax half strength solid media 70.90

F-Test **

S. Em.± 0.80

CD at 1% 2.98

TABLE 3

Effect of different culture media on days taken
for seed germination in E. nuda

** Significant at P= 0.01

Treatments
Days taken

for seed
germination

Mysore J. Agric. Sci., 60 (1) : 72-82 (2026) S. BASANA GOUDA et al.
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Fig. 1 : Influence of different culture media on germination percentage (%) in E. nuda
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Culture media treatments 

The exceptional effectiveness of Orchimax full
strength solid media in promoting orchid seed
germination, compared to other media, may be
attributed to its carefully formulated composition
tailored specifically for orchids. It provides an optimal
balance of mineral salts, carbohydrates and organic
additives such as tryptone and activated charcoal.
Research has consistently demonstrated that orchid
seed germination improves significantly in media that
combine both organic and inorganic nitrogen sources
(Stewart and Kane, 2016). In Orchimax media,
tryptone acts as an organic nitrogen source, enhancing
germination more effectively than other media.
Furthermore, tryptone supplies readily available
amino acids, while activated charcoal adsorbs
phenolic compounds that might otherwise inhibit
growth, thereby creating an ideal environment for
early seed germination and development (Utami and
Hariyanto, 2020).

Yahya et al. (2024) reported that Phalaenopsis spp.
cultured on Orchimax media exhibited the earliest
seed germination and the highest germination
percentage among all media tested. Bektas and
Sokmen (2016) similarly found enhanced germination
of Serapias vomeracea on Orchimax media.

Arcidiacono et al. (2021) compared seed germination
of Anacamptis longicornu on Orchimax and MS
media, observing a 95.50 per cent germination rate
on Orchimax versus 21.40 per cent on MS media. In
the same experiments with Ophrys panormitana,
germination occurred exclusively on Orchimax media
and failed on MS media. These differences were
primarily attributed to variations in nutrient
composition, particularly the form and concentration
of nitrogen.

In Ophrys reinholdii subsp. straussii, Ahmadzadeh
et al. (2025) reported highest average germination on
Gamborg’s B

5
 quarter strength media (87.31%) and

Malmgren media (83.83%), whereas MS quarter
strength media (65.86%) and Orchimax media
(60.50%) yielded significantly lower rates of
germination. Under the same experiment, Comperia
comperiana displayed uniformly low germination,
peaking at 14.04 per cent on P723 media and dropping
to 4.50 per cent on B

5 
quarter strength media, likely

reflecting species-specific nutritional requirements or
physiological dormancy. These findings demonstrate
that optimal asymbiotic seed germination media differ
markedly among terrestrial orchid species, driven by
genetic variation and seed composition. Following

Mysore J. Agric. Sci., 60 (1) : 72-82 (2026) S. BASANA GOUDA et al.
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germination, the developmental progression towards
PLBs formation was strongly influenced by the same
media composition.

Days Taken for PLBs Formation : In E. nuda, PLBs
formation occurred earliest in Orchimax full strength
solid media (80.10 DAC) followed by Orchimax half
strength solid media at 84.10 DAC. In contrast,
Lindemann full strength solid media showed the
slowest formation at 97.40 DAC (Table 4).

Establishment of Protocorm-like Bodies (%) : The
establishment and early morphogenetic responses
of E. nuda were significantly affected by the
composition of the culture media, as demonstrated
(Fig. 2 & Plate 2) by statistically significant
differences in the percentage establishment of
PLBs at 120 DAC. The highest establishment of
PLBs was recorded in Orchimax full strength
media (91.12%), followed by Orchimax half strength
media (87.95%). Poor establishment of PLBs
was noted in Lindeman full strength solid media
(71.70%). In comparison, Lindemann media often
resulted in slower PLBs formation and lower
induction frequencies, likely due to a less optimal
nutrient balance and absence of necessary organic
additives. MS media are commonly used but may
produce suboptimal results for orchids due to higher
salt concentrations and lower organic compound
content. This can delay early developmental stages,
including the initiation of PLBs (Nowakowska et al.,
2022). Raj et al. (2021) observed that PLBs induction
occurred at 20 DAC on MS half strength media,
whereas, PLBs induction was delayed until 66.60
DAC on Lindemann full strength media. This result
underscores the critical role of media composition and
strength in modulating PLBs  formation timing in
orchid tissue culture. PLBs formation and

Fig. 2 : Influence of different culture media on the establishment of PLBs (%) from seeds of E. nuda

Mysore J. Agric. Sci., 60 (1) : 72-82 (2026) S. BASANA GOUDA et al.

T
1
- MS full strength solid media 91.10

T
2
- MS half strength solid media 87.40

T
3
- Lindeman full strength solid media 97.40

T
4
- Lindeman half strength solid media 94.40

T
5
- Orchimax full strength solid media 80.10

T
6
- Orchimax half strength solid media 84.10

F-Test **

S. Em.± 0.71

CD at 1% 2.70

TABLE 4

Effect of different culture media on days taken
for PLBs formationfrom seeds of E. nuda

** Significant at P= 0.01

Treatments
Days taken
for PLBs
formation



78

M
ys

or
e 

Jo
ur

na
l o

f A
gr

ic
ul

tu
ra

l S
ci

en
ce

s

Plate 2 : Development of PLBs from seeds of E. nuda.

 (A) In Orchimax full strength solid media and (B) Lindemann full strength solid media

establishment varied considerably among orchid
taxa, reflecting species-specific responses to media
composition. Optimizing nutrient and organic
components to match each species’ physiological

and genetic characteristics is therefore crucial for
maximizing propagation efficiency.

Once PLBs were established, their morphogenic
potential was further assessed through shoot

T
1
 - Control T

8 
 - KIN 0.5 T

15
 - BAP 1.0 + NAA 1.0 T

22
 - KIN 0.5 + NAA 1.5

T
2
 - BAP 0.5 T

9
  - KIN 1.0 T

16
 - BAP 1.0 + NAA 1.5 T

23
 - KIN 1.0 + NAA 0.5

T
3
 - BAP 1.0 T

10
 - KIN 1.5 T

17
 - BAP 1.5 + NAA 0.5 T

24
 - KIN 1.0 + NAA 1.0

T
4
 - BAP 1.5 T

11
 - BAP 0.5 + NAA 0.5 T

18
 - BAP 1.5 + NAA 1.0 T

25
 - KIN 1.0 + NAA 1.5

T
5
 - NAA 0.5 T

12
 - BAP 0.5 + NAA 1.0 T

19 
- BAP 1.5 + NAA 1.5 T

26
 - KIN 1.5 + NAA 0.5

T
6
 - NAA 1.0 T

13
 - BAP 0.5 + NAA 1.5 T

20
 - KIN 0.5 + NAA 0.5 T

27
 - KIN 1.5 + NAA 1.0

T
7
 - NAA 1.5 T

14
 - BAP 1.0 + NAA 0.5 T

21
 - KIN 0.5 + NAA 1.0 T

28
 - KIN 1.5 + NAA 1.5

Fig. 3 : Influence of PGRs and their combinations on number of shoots per PLBin E. nuda at 90 DAC in shooting media

Mysore J. Agric. Sci., 60 (1) : 72-82 (2026) S. BASANA GOUDA et al.
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induction and proliferation studies using different
plant growth regulators.

Effect of Various Plant Growth Regulators (PGRs)
on Shoot Induction and Proliferation

The response of E. nuda to different PGR
combinations showed notable variation in shoot
initiation and morphogenic development from
PLBs.  Among all treatments, the combination of
BAP (1.0 mg/L) and NAA (0.5 mg/L) (T

14
)

proved most effective, resulting in the earliest
shoot initiation (11.20 DAC) as shown in Table 5.
At 90 DAC in shooting media the highest number of
shoots recorded was 4.60 per explant (Fig. 3)
and the maximum shoot length was 4.30 cm
(Fig. 4, Plate 3). In contrast, the control treatment
showed delayed shoot initiation (38.60 DAC),
produced fewer shoots (0.86 per explant) and
exhibited a minimum shoot length of  0.40 cm,
indicating a weak morphogenic response overall.

The enhanced morphogenic response observed with
the BAP (1.0 mg/L) and NAA (0.5 mg/L) combination
can be attributed to the synergistic interaction between
cytokinin and auxin, which together stimulate both
cell division and elongation. Cytokinins such as BAP
activate meristematic activity and promote shoot
induction, while auxins like NAA facilitate cell
enlargement and differentiation, resulting in organized
morphogenesis (Dar et al., 2021). The balanced
BAP:NAA ratio (2:1) provided an optimal hormonal
environment that minimized excessive callus
formation and developmental abnormalities often
associated with cytokinin-dominant media. This
equilibrium promoted synchronized shoot initiation
and elongation, yielding vigorous and morpho-
logically stable plantlets.

Shoot elongation was most pronounced under the
combined treatment, reaffirming the complementary
roles of cytokinin and auxin in regulating cell division,
expansion and tissue differentiation- consistent with
earlier findings in Hyssopus officinalis (Shoja and
Shishavan, 2021). Elevated cytokinin levels alone can
inhibit elongation through ethylene accumulation,
emphasizing the importance of maintaining an

T
1 
- Control 38.60

T
2  

- BAP 0.5 13.80

T
3 
- BAP 1.0 12.60

T
4 
- BAP 1.5 13.80

T
5 
- NAA 0.5 15.20

T
6 
- NAA 1.0 15.60

T
7 
- NAA 1.5 15.80

T
8 
- KIN 0.5 14.60

T
9 
- KIN 1.0 14.40

T
10 

- KIN 1.5 13.80

T
11 

- BAP 0.5 + NAA 0.5 13.20

T
12 

- BAP 0.5 + NAA 1.0 13.40

T
13 

- BAP 0.5 + NAA 1.5 13.80

T
14 

- BAP 1.0 + NAA 0.5 11.20

T
15 

- BAP 1.0 + NAA 1.0 12.80

T
16 

- BAP 1.0 + NAA 1.5 15.20

T
17 

- BAP 1.5 + NAA 0.5 14.40

T
18 

- BAP 1.5 + NAA 1.0 14.60

T
19 

- BAP 1.5 + NAA 1.5 14.80

T
20 

- KIN 0.5 + NAA 0.5 13.40

T
21 

- KIN 0.5 + NAA 1.0 13.80

T
22 

- KIN 0.5 + NAA 1.5 14.20

T
23 

- KIN 1.0 + NAA 0.5 14.40

T
24 

- KIN 1.0 + NAA 1.0 13.60

T
25

- KIN 1.0 + NAA 1.5 14.20

T
26

- KIN 1.5 + NAA 0.5 13.20

T
27

- KIN 1.5 + NAA 1.0 13.40

T
28

-  KIN 1.5 + NAA 1.5 13.60

F-Test **

S. Em.± 0.30

CD at 1% 1.11

TABLE 5

Influence of PGRs and their in combinations on
duration for shoot initiation in E. nuda

** Significant at P= 0.01

Treatments (mg/L)
Days taken
for shoot
initiation

Mysore J. Agric. Sci., 60 (1) : 72-82 (2026) S. BASANA GOUDA et al.
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T
1
 - Control T

8 
 - KIN 0.5 T

15
 - BAP 1.0 + NAA 1.0 T

22
 - KIN 0.5 + NAA 1.5

T
2
 – BAP 0.5 T

9
  - KIN 1.0 T

16
 - BAP 1.0 + NAA 1.5 T

23
 - KIN 1.0 + NAA 0.5

T
3
 - BAP 1.0 T

10
 - KIN 1.5 T

17
 - BAP 1.5 + NAA 0.5 T

24
 - KIN 1.0 + NAA 1.0

T
4
 - BAP 1.5 T

11
 - BAP 0.5 + NAA 0.5 T

18
 - BAP 1.5 + NAA 1.0 T

25
 - KIN 1.0 + NAA 1.5

T
5
 - NAA 0.5 T

12
 - BAP 0.5 + NAA 1.0 T

19 
- BAP 1.5 + NAA 1.5 T

26
 - KIN 1.5 + NAA 0.5

T
6
 - NAA 1.0 T

13
 - BAP 0.5 + NAA 1.5 T

20
 - KIN 0.5 + NAA 0.5 T

27
 - KIN 1.5 + NAA 1.0

T
7
 - NAA 1.5 T

14
 - BAP 1.0 + NAA 0.5 T

21
 - KIN 0.5 + NAA 1.0 T

28
 - KIN 1.5 + NAA 1.5

Fig. 4 : Influence of PGRs and their combinationson shoot length (cm) of E. nuda at 90 DAC in shooting media

Mysore J. Agric. Sci., 60 (1) : 72-82 (2026) S. BASANA GOUDA et al.

Plate 3 : Shoot proliferation from PLBs in Orchimax full strength at 90 DAC.

(A) In control and (B) BAP (1.0 mg/ L) + NAA (0.5 mg/ L)
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appropriate cytokinin: auxin balance (Pasternak and
Steinmacher, 2024). Comparable synergistic effects
of BAP and NAA have been reported in several orchid
species, where their combined application enhanced
multiple shoot formation and elongation compared to
individual treatments, including Aerides multiflora
(Bhowmik and Rahman, 2020b) and Bulbophyllum
crassipes (Ayesha and Islam, 2024). In E. nuda, this
hormonal combination proved most effective,
producing early and uniform shoot initiation, rapid
proliferation and robust shoot development. These
results underscore the pivotal role of cytokinin: auxin
balance in optimizing in vitro morphogenesis and
achieving the regeneration of healthy, clonal plantlets.

This optimized in vitro regeneration protocol
represents a significant advancement in the ex situ
conservation of E. nuda, providing a rapid,
reproducible and highly efficient system for large-
scale propagation through PLBs. Orchimax full
strength medium proved most effective for early seed
germination, PLB formation and establishment, while
the combination of 1.0 mg/L BAP and 0.5 mg/L NAA
consistently promoted rapid and uniform shoot
initiation, enhanced multiplication and vigorous shoot
development. Although proprietary media like
Orchimax yield superior results, their cost may limit
applicability in resource-constrained settings;
therefore, future research should prioritize the
development of cost-effective media formulations and
the integration of beneficial mycorrhizal fungi during
post-PLB stages to improve acclimatization, field
establishment and ecological resilience. Overall, the
standardized protocol developed in this study provides
a robust foundation for mass propagation, restoration
programmes, germplasm conservation and the long-
term survival of E. nuda in its natural habitats.
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