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Abstract

Asymbiotic germination of immature seeds of orchids represents a valuable method for large-scale seedling production, addressing both commercial demand
and the conservation of rare and endangered species. In this study, we explored the efficacy of three low-cost substrates: Polyurethane foam (PUF), Coconut
husk chips (CHC), and Tree Leaf litter (TLL), as substitutes for the expensive agar-gelled medium in the in vitro seedling culture of three commercially
important orchid species, namely, Paphiopedilum fairrieanum (Lindl.) Stein., P. venustum (Wall. ex Sims) Pfitzer, both endangered Slipper orchids, and
Dendrobium densiflorum Lindl. ex Wall. During a 120-day culture period, we recorded germination time, germination frequency, and the proportion of
different growth stages on these substrates, comparing them to the agar-gelled medium. All substrates were fortified with half Murashige and Skoog medium,
0.5 mg/L a-Napthaleneacetic acid, 10% Coconut water, and 2% Sucrose. Subsequently, in vitro hardening of rooted seedlings was conducted using composites
prepared from cost-effective materials, including charcoal, brick pieces, and coconut husk chips. Further, secondary hardening was done on the same
composite that additionally contained garden soil, sand, and a top cover of moss. Among the tested substrates, agar-gelled medium exhibited the highest seed
germination and seedling formation for Paphiopedilum, while it performed equally well as PUF for D. densiflorum. Conversely, the germination time for all
species was one week shorter when using PUF. In comparison, CHC resulted in a lower germination frequency and prolonged germination time. Although
protocorms (stage 3) of all species developed maximally on CHC, only D. densiflorum reached the rooted seedling stage. The performance of TLL was
significantly inferior for all species, with none of them progressing to protocorm (stage 3). After primary hardening, ~80% of seedlings of P. fairrieanum and
D. densiflorum, and ~70% of seedlings of P. venustum survived. Following 90 days of secondary hardening inside a 70% shade net house, about two-thirds,
three-fourths, and half of the total transplants of P. fairrieanum, P. venustum, and D. densiflorum, respectively, thrived in the pots. Our findings suggest that
PUF presents a cost-effective alternative for cultivating P. fairrieanum, P. venustum, and D. densiflorum. Additionally, CHC holds promise for low-cost

production of their protocorms, which, upon multiplication on suitable media, could be developed into a large number of seedlings.
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1. Introduction

Orchids stand as one of the most prized floriculture products due
to their exquisite floral beauty and prolonged shelf life, traded both
as cut flowers and potted plants in national and international
markets. About 1300 orchid species belonging to 190 genera have
been reported from India and that includes 972 species (168
genera) from Northeast India and 577 species (148 genera) alone
from Arunachal Pradesh (Rao, 2018). Unfortunately, rampant
habitat destruction, land-use changes, unregulated harvesting, and
climate change have contributed to the decline of many orchid
species in the wild (Fay, 2018). Consequently, a significant number
of orchid species are categorized as critically endangered,
endangered, vulnerable, and threatened, leading to restrictions on
their international trade from wild sources as per the Convention
on International Trade in Endangered Species of Wild Fauna and
Flora (CITES, 2021). Orchids produce numerous dust-like, tiny
seeds that have a low rate of in vivo germination due to their
dependence on mycorrhizal association and specific vegetational
niches for successful germination (Dearnaley, 2007; Favre-Godal
et al,, 2020; Kolanowska et al., 2020). Consequently, habitat-
specialist orchids with narrow ecological amplitudes, compared to
generalist species, exhibit slow recovery and self-replenishment in
pre-disturbed forests (Besi et al., 2019; Martin-Forés et al., 2022;
Evans and Jacquemyn, 2022).

Paphiopedilum Pfitzer, widely known as the 'Slipper orchid,’'
represents one such terrestrial genus critically endangered
according to IUCN (2017) and CITES (2021), receiving legal
protection in India (Deb and Jakha, 2019). Native to tropical Asia,
this genus comprises approximately 96-100 species, including nine

species recorded in India. Paphiopedilum hold immense value in
the ornamental market due to their uniquely structured, multi-
colored, long-lasting flowers (60-90 days) (Rao, 2006), along with
attractive evergreen foliage produced by certain species (Cribb,
1998; Hong et al., 2008). However, large-scale production of
Paphiopedilum is primarily achieved through in vitro asymbiotic
germination of immature seeds, as mature plant-derived explants
are recalcitrant to shoot induction and plant regeneration, often
suffering from severe endogenous bacterial contamination (Deb
and Jakha, 2020).

In vitro asymbiotic seed germination on agar-based nutrient
medium is a commonly employed technique for large-scale
production of orchid seedlings to meet market demands and
support conservation efforts (Pongener and Deb, 2019).
Nevertheless, agar, the most widely used solidifying agent in plant
tissue culture media, has its limitations, including high cost and
other undesirable characteristics (Babbar and Jain, 1998;
Bhattacharya et al., 1994; Ebile et al., 2022). To optimize seedling
production and reduce costs, researchers have explored efficacy of
various gelling and non-gelling agents as low-cost agar alternatives
for multiple plant species, including orchids, yielding varying levels
of success (Ebile et al., 2022; Deb and Pongener, 2022). Among
non-gelling agents, Polyurethane foam (PUF) and Coconut
coir/husk have been recognized as suitable substrates for certain
orchid species. PUF, owing to its lightweight, spongy, and resilient
structure, effectively absorbs an aqueous medium, meeting
fundamental requirements in in vitro plant tissue culture systems,
and additionally serving as a beneficial raft material for root
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immobilization (Kawka et al., 2021). Its low surface-area nature
exhibits remarkably high sorption capacities (Han et al., 2015).

In this study, we aimed to economize the production cost of orchids
by investigating the potential of low-cost non-gelling substrates for
in vitro asymbiotic seed germination, seedling formation, as well
as subsequent hardening and acclimatization. We focused on three
commercially important orchids from Arunachal Pradesh:
Paphiopedilum fairrieanum (Lindl.) Stein., a critically endangered
and endemic orchid of Eastern Himalaya (Rankou and Kumar,
2015), P. venustum (Wall. ex Sims) Pfitzer, an endemic and
endangered orchid of Northeast India (Rankou and Kumar, 2015;
Kaur and Bhutani, 2016), and Dendrobium densiflorum Lindl. ex
Wall. (a medicinal epiphyte and splendid ornamental species
among the Dendrobium genus). For in vitro seed germination and
seedling development, we employed three low-cost materials,
namely Polyurethane foam, Coconut husk chips, and Tree Leaf
litter as non-gelling substrates, while a composite comprising
charcoal, brick pieces, coconut husk chips, and garden soil was
examined for in vitro and ex vitro hardening and acclimatization
of the plantlets. This paper highlights the merits and demerits of
these low-cost substrates in orchid cultivation.

2. Materials and methods
2.1. Capsule source and sterilization

Naturally pollinated immature green capsules of Paphiopedilum
fairrieanum, P. venustum and D. densiflorum were collected from
orchid orchard maintained by State Forest Research Forest (SFRI)
at Dirang and Itanagar (Arunachal Pradesh). The approximate age
of the capsules of the above species at the time of collection was
about 240 — 270, 210 — 240 and 150 — 180 days after pollination
(DAP), respectively. The capsules were carefully scrubbed with a
laboratory detergent called “Extran” (1:100 v/v; MA 02, Merck) to
remove dust and then thoroughly rinsed under clean running water
to eliminate traces of the detergent. Subsequently, the capsules
were surface-sterilized with an aqueous solution of 0.05% Tween
20 and 0.1% Mercuric chloride for 10 min. under a laminar air
cabinet, followed by washing with sterilized double-distilled water
until all foam was removed. The capsules were then sprayed with
70% ethanol, quickly flamed off, and longitudinally cut with a
sterile blade to scoop out seeds in sterile petridishes for raising
culture.

2.2. Preparation of substrata for orchid culture

Polyurethane Foam (PUF) obtained from the local market, Coconut
Husk Chips (CHC) prepared from dry ripened fruits, and Fresh
Tree Leaf Litter (TLL) collected from the Botanical Garden were
used as agar alternatives. PUF was appropriately cut to fit into
culture tubes, while CHC and TLL were chopped into small pieces
(5 mm size), soaked in a 1:100 v/v solution of "Extran" for 6 hrs,
and thoroughly rinsed with clean water. All these substrata were
air-dried, autoclaved at 15 psi for 15 min., and then stored for
further use (Pongener and Deb, 2019).

2.3. Culture media and conditions for asymbiotic seed
germination

In vitro asymbiotic seed germination was conducted using agar-
gelled half Murashige and Skoog medium (%2 MS) supplemented
with 0.5 mg/L a-Napthaleneacetic acid (NAA) and 10% Coconut
water (v/v, CW). Sucrose (2% w/v) and Agar (0.8% w/v) were
added to the medium (Zeng et al., 2012). A volume of 15 ml of liquid
medium was dispensed into each culture tube (size: 25 mm x 150
mm). For other substrata, the same quantity, except agar, was
dispensed into the culture tubes (Deb and Pongener, 2013). The pH
of the media was adjusted to 5.8+0.5 with 1N NaOH/1N HCl before
autoclaving at 15 psi for 20 min.

The seeds were scooped out with a spatula (0.5 mm wide) and
inoculated onto agar-gelled medium and other substrata. Culture
tubes of Paphiopedilum were incubated in the dark for 45 days,
whereas those of D. densiflorum were incubated for 15 days.
Afterward, the cultures were provided with a 16/8 h photoperiod
under cool white light at 40 pmol m-2s-* and maintained at 24+2 °C.

2.4. Sub-culturing and in vitro- and ex vitro hardening of plantlets

Eighteen healthy seedlings (20-30 mm length) were taken out from
each substratum after 120 days and sub-cultured (3 seedlings per
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tube) on V2MS agar-gelled (0.8% w/v) growth medium
supplemented with NAA (0.5 mg/L), CW (10%) and sucrose 2%
(w/v). After 60 days of sub-culturing, four seedlings, each
measuring 35 to 45 mm in length, were transferred into six
separate culture containers for a 30-day period of in vitro primary
hardening. This hardening process occurred on a matrix consisting
of a combination of charcoal pieces, brick pieces, and CHC (1:1:1).
This matrix was kept suitably moistened using a solution of % MS,
as described by Pongener and Deb (2019). Surviving seedlings were
then transferred to a secondary hardening stage by transplanting
them into plastic cups filled with a potting mixture of garden soil,
sand, charcoal, and brick (2:1:1:1 v/v) and covered with Sphagnum
moss. These seedlings were covered with perforated plastic bags
and kept under a 70% shade net for 30 days. Finally, well-
established plantlets were grown in a natural environment for the
next 60 days and monitored for survivability.

2.5. Experimental design and data analysis

The experimental design was completely randomized, and all the
treatments consisted of six culture tubes as replicates. Experiments
were repeated twice. Cultures were visually observed after 7 days of
inoculation to record the seed germination time. After 120 days of
inoculation, the germinated seeds from three 1.0 cm2 grids were
randomly scooped out from each tube and dispersed over a glass
slide (Roy et al., 2011). Various developmental stages of seedlings
were observed and counted under a stereomicroscope (Stemi 508,
Carl Zeiss), and their proportions were calculated by dividing the

Seed germination and seedling development growth stages of orchid
(Zeng et al., 2012)

Stage  Description

o) Ungerminated seed with embryo and no rupturing of the testa
1 Rupture of the testa by enlarging embryo (= germination)

2 Appearance of the shoot (= promeristem) and /rhizoids

3 Emergence and elongation of the first leaf

4 One leaf and one or more roots present

5 Presence of two or more leaves, roots present (= seedling)

number of seeds in a given stage by the total number of seeds
multiplied by 100.

Data were analyzed using one-way ANOVA with SPSS 21 version,
and standard error of the mean was calculated. Means were further
compared using Duncan Multiple Range Test at p = 0.05.

3. Results

In order to find out alternative substrata suitable for low-cost
orchid production, immature seeds of P. fairrieanum, P. venustum
and D. densiflorum were asymbiotically germinated on three
different non-gelling substrata (PUF, CHC and TLL) and agar-
gelled medium as control. All substrata were supplemented with V2

Table 1: Survival rate of seedlings of different orchid species after sub-
culturing for 60 days on fortified ¥2 MS agar-gelled growth medium

Orchid species Survival rate (%) of Seedling derived from
different substrata

Agar PUF CHC
P. fairrieanum 94.4+5.6 94.4+5.6 -
P. venustum 88.9+7.0 88.9+7.0 -
D. densiflorum 94.4+5.6 94.4+5.6 88.9+7.0

Values are Mean + SEM. Effect of substrata was not significant (p>0.05) for any
species.

Table 2: Survival rate of seedlings of different orchid species after
Primary and Secondary hardening

Orchid species Survival rate (%) of seedlings

In vitro hardening (30  Ex vitro hardening (90

days) days)
P. fairrieanum 83.3%5.3 70.0£10.9
P. venustum 70.8+7.7 70.6£12.0
D. densiflorum 83.3+10.5 50.0£12.9

Values are Mean + SEM.

MS medium containing NAA (0.5 mg/L), CW (10%), and Sucrose
(2%). The progression of seeds (stage 0) to different developmental
stages (1-5) was recorded after 120 days of culture (Figure 1). The
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seed germination time of all the orchid species on three substrata
except TLL, ranged between 23-79 days. TLL proved to be an
inferior substratum, with seeds germinating in 70-92 days (Figure
2a). Among the substrata, germination was relatively early on PUF
followed by agar and CHC (p<0.05). On each substratum, seed

h S

h o 1 e g %

Figure 1: Asymbiotic seed germination of orchids after 120 days on different substrata.
(a-b) P. fairrieanum (a) Stage 1-3 on agar-gelled medium (b) Stage 4 on PUF; (c-d) P.
venustum (c) Stage 1-4 on agar-gelled medium (d) Stage 1-4 on PUF; (e-f) D.
densiflorum (e) Stage 4-5 on agar-gelled medium, (f) Stage 4-5 on PUF

germination of D. densiflorum occurred earlier than P.
fairrieanum and P. venustum, whose germination time was
virtually the same.

Swelling (Stage 1) followed by testa burst (stage 2) occurred in
inoculated seeds of all three orchid species on each substratum.
Seed germination rate (sum total proportion of Stage o to 5) was
maximum on agar and minimum on TLL (Figure 2h). However,
there was a marked difference between the two orchid genera.
Seeds of D. densiflorum germinated relatively more on every
substratum than Paphiopedilum spp. The germination rate of D.
densiflorum, P. fairrieanum and P. venustum on agar was 84.7%,
78.7% and 74.3% respectively, followed by PUF (82.4%, 67.9% and
65.1%), CHC (78.5%, 50.3% and 43.2%), and TLL (38.3%, 19.3%
and 17.6%), showing a significant difference among the media
towards growth promotion. On the later substratum, the
germinated seeds of Paphiopedilum spp. and D. densiflorum could
only reach up to stage 1 and stage 2, respectively, and did not
develop into protocorm even after 120 days of culture (Figure 2c-

e).

CHC did not appear to be a viable substratum for Paphiopedilum
species, as both of them could not progress beyond stage 3.
However, it proved to be a viable option for D. densiflorum which
could progress to stage 4 (15.9%) and stage 5 (10.7%) after 120 days
of culture (Figure 2f-g).

Seedlings (stage 4 and 5) of all three orchid species developed on
both agar and PUF- supported media. However, there was a
significant difference between the two media for Paphiopedilum
spp. On agar, both P. fairrieanum and P. venustum formed
proportionately more seedling of stage 4 (9.3% and 7.1%,
respectively) and stage 5 (8.2% and 4.8%, respectively), whereas on
PUF, the numbers were only 3.9% and 3.6% for stage 4 and 3.5%
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and 3.6% for stage 5, respectively (Figure 2f-g). However, in case of
D. densiflorum, the rate of morphogenesis to stage 5 was
statistically equal on both media (13.7% and 12.0%), but stage 4
was significantly more on PUF (25.7% vs 29.0%). It was also found
that, in case of D. densiflorum, the rate of seedling formation (both
stage 4 and 5) on agar, PUF and CHC supported media was much
higher in comparison to Paphiopedilum spp. (Figure 2f-g).

Stage 5 seedlings of all orchid species that developed on each
substratum were sub-cultured on the same Y2 MS medium
containing NAA (0.5 mg/L) and CW (10 %) for further growth.
After 60 days of sub-culturing, 89-94% seedlings of P.
fairrieanum, P. venustum and D. densiflorum obtained from
different substrata survived (Table 1, Figure 3). Afterwards,
twenty-four seedlings of each species pooled together from
different substrata were transferred for primary hardening on a
matrix composed of Charcoal pieces, Brick pieces and CHC (1:1:1,
v/v). After 30 days of transfer, 83.3% seedlings each of P.
fairrieanum and D. densiflorum, and 70.8% seedlings of P.
venustum survived (Table 2, Figure 3). Subsequently, all surviving
seedlings of each species were transplanted for secondary
hardening on a potting mixture prepared from Garden soil,
Charcoal pieces, Brick pieces and Sand (2:1:1:1, v/v). After 9o days
of transfer, 70.0%, 70.6% and 50% seedlings, respectively, of P.
fairrieanum, P. venustum and D. densiflorum thrived in the pots
(Table 2).

4. Discussion

The objective of this study was to explore low-cost substrata as
potential alternatives to agar in orchid tissue culture and primary
hardening of seedlings for three commercially important orchids:
Paphiopedilum fairrieanum, P. venustum, and Dendrobium
densiflorum. The survival of these seedlings during secondary
hardening was also assessed. Asymbiotic seed germination and
seedling development were conducted using PUF, CHC, and TLL
as low-cost non-gelling substrata, along with agar-gelled medium,
all fortified with ¥2 MS solution containing 0.5 mg/L NAA, 10% CW
and 2% sucrose.

The results showed that germination frequency, initiation time,
and proportions of protocorm and seedling formation during the
120-day period varied with different substrata as well as the orchid
genera. Germination experiments conducted on 240-270 DAP
seeds of P. fairrieanum, 210-240 DAP seeds of P. venustum and
150-180 DAP seeds of D. densiflorum showed the highest
germination frequency of ~75% in Paphiopedilum and ~85% in D.
densiflorum on fortified Y2 MS agar-gelled medium (Figure 2f-g).
Asymbiotic germination of fully mature orchid seeds is considered
often difficult due to formation of a lignified testa, and the
germination frequency is reported to drop beyond certain level of
seed maturity (Pieriket al., 1988; Lee et al., 2006; Zeng et al., 2016).
Mao and Ranyaphi (2013) reported that in six species of
Paphiopedilum (P. fairrieanum, P. hirsutissimum, P. insigne, P.
spicerianum, P. venustum and P. villosum), the time taken for in
vitro seed germination varied from 4-9 weeks depending upon the
species, and the seeds from immature 6 months old capsules
germinated faster than the mature 10 months old capsules. Kaur
and Bhutani (2016) made similar observations in case of P.
venustum that 83% seed from undehisced capsules germinated
readily on modified terrestrial orchid medium whereas, only 20%
seeds from dehisced, dry, brown capsules could germinate and that
too in a comparatively longer time. Besides lignified testa, high
concentration of abscisic acid present in very young seeds has also
been reported to inhibit asymbiotic germination in case of P.
armeniacum (Xu et al, 2020). Therefore, high germination
frequency recorded in the present study indicates that during this
period (DAP) the embryos of these orchid species were well
developed, however, their testa was yet not lignified, and the seeds
were amply permeable to water and nutrients (Long et al., 2010;
Zeng et al., 2014). It is also known that the influence of seed
maturity on germination frequency is species-specific (Long et al.,
2010) and the optimum seed age for high germination varies from
90 — (120-180) - 400 DAP in different species of Paphiopedilum
(Lee 2007; Long et al., 2010; Chen et al., 2015; Zeng et al., 2016;
Yao et al., 2021). For various Dendrobium species, the optimum
seed age for maximum germination is reported to range from (120-
180) — 240 — 270 DAP (Paul et al., 2012; Teixeira da Silva et al.,
2015; Longchar and Deb, 2022). It has also been observed in many
cases that germination frequency of orchids is influenced by growth
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Figure 2: Effect of different substrata supplemented with %2 MS, 0.5 mgL* NAA, 10% CW and 2% Sucrose on seed germination and development for 120-day
culture of three orchid species. Values (Mean + SEM) followed by different letters on top of columns for each orchid species are significantly different at p<0.05

(DMRT).

media (low salts concentration and optimum level of organic
additives and growth regulators) and optimum germination
conditions (Arditti, 1967; Kauth et al., 2008; Zeng et al., 2014;
Teixeira da Silva et al., 2015; Zeng et al., 2016). Seed treatment with
NaOCl or NaOH also enhances seed germination (Lee 2007; Zeng
et al.,, 2012; Chen et al., 2015).

On PUF, ~65% of seeds from both Paphiopedilum species and
~78% of seeds from D. densiflorum germinated, and a good
number of them formed protocorms and developed into seedlings
(Figure 2e-g). Thus, PUF proved to be as effective as agar on these
counts for D. densiflorum. However, its effect for Paphiopedilums,
though satisfactory, was significantly lesser than the agar. On the

other hand, seed germination in Paphiopedilum and Dendrobium
began on PUF about one week earlier than on agar, with
germination initiation times of 8 and 3 weeks, respectively.

CHC appeared to be good enough substratum for seedling
production for D. densiflorum but not for the Paphiopedilums, as
their germinated seeds could develop maximally up to protocorm
(stage 3), despite a fair enough germination frequency (Figure 2e, h).
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The germination initiation time of seeds on this substratum was
almost the same as on agar-gelled medium for D. densiflorum but
about 3 weeks delayed for Paphiopedilum (Figure 2a).

As a substratum, PUF has been adjudged as good as agar-gelled
medium for tissue culturing of D. densiflorum, and development of
well-rooted healthy plantlets with their velamenous roots attached
to its surface has also been observed for some other orchids (Deb
and Pongener, 2010, 2013, 2022). Slightly superior performance of
PUF in comparison to both agar and coconut coir for Cymbidium
aloifolium but slightly inferior performance to agar yet superior to
coconut coir for Cymbidium iridioides has been reported by Deb
and Pongener (2010, 2013). We observed that among the three
orchids, seed germination of D. densiflorum was always more
irrespective of substrata and occurred in just 3-5 weeks. High seed
germination frequency in vitro has been reported in several
Dendrobium species (Teixeira da Silva et al., 2015). Quicker seed
germination in D. densiflorum occurring in 3 weeks on both agar-
gelled and PUF substrata, and two week early germination on PUF
and coconut coir in comparison to agar-gelled medium by two
species of Cymbidium have been reported (Deb and Pongener,
2010, 2013, 2022). Aggarwal and Nirmala (2012) have also
highlighted the benefits of coir matrix which supported early
greening of the germinated seeds and higher rate of protocorm
multiplication in Cymbidium pendulum.

We found seed germination frequency of all the orchid species on
TLL to be very low in proportion, taking very long period in
germination and not progressing to higher stage of morphogenesis.
Germination frequency, germination initiation time and the
highest growth stage attained by Paphiopedilum and D.
densiflorum on this substratum was ~1/5% and ~2/5%, 13 weeks
and 10 weeks, and stage 1 (rupturing of testa) and stage 2
(promeristem) respectively (Figure 1). Deb and Pongener (2010,
2013) also reported leaf litter as inferior substratum on which
seedling of Cymbidium did not develop despite 50% seed
germination occurring within 7 weeks.

Based on the results obtained, PUF stands out to be a low-cost agar
alternative for orchid tissue culture. CHC may be useful for
production of protocorms (stage 3) of all these orchid species as a
fairly good percentage of germinated seeds developed into
Protocorm that could be used as explants for their multiplication
by sub-culturing on suitable media and further morphogenesis into
seedlings. These substrata have additional advantages over agar as
they provide physical support to the protocorms and seedlings by
providing attachment sites for the rhizoids and roots, have water
absorption and retention properties, allow nutrient replenishment
(Deb and Pongener, 2022), and proper aeration necessary for
gaseous exchange, and could also be reused for the same purpose
(Kawka et al., 2021; Deb and Pongener, 2022).

In vitro raised orchid seedlings require stepwise and careful
procedure while being transferred to ex vitro condition (Diengdoh
et al., 2017) and several protocols have been used for their efficient
acclimatization/primary hardening (Deb et al, 2022) and
secondary hardening (Deb and Pongener, 2022). Keeping this
aspect in view, we first sub-cultured the rooted seedlings produced
on different substrata on ¥2 MS agar medium fortified with same
concentration of NAA, CW and sucrose for further development of
shoots and roots so that upon transfer for primary hardening the
seedlings could withstand the harsh conditions imposed by non-
agar matrix and get properly established on composite matrix. As
a result, ~80% seedlings of P. fairrieanum and D. densiflorum
each, and ~70% seedlings of P. venustum survived after 30 days of
primary hardening (Table 2). After secondary hardening, two-
third, three-fourth and half of the total transplants of P.
fairrieanum, P. venustum and D. densiflorum respectively thrived
in pots after 9o days (Table 2). Composites prepared from
Charcoal, Brick pieces and decayed organic matters have been
reported to be effective for proper acclimatization and hardening
of orchid seedlings. Deb and Jakha (2019) used nutrient regime
similar to our study for P. villosum var. boxallii on a composite
matrix consisted of charcoal, brick pieces, sand, decaying organic
matters, dried cow dung in equal ratio and recorded ~65% survival
of transplants in the greenhouse condition. Likewise, composite of
charcoal and brick pieces for proper acclimatization and hardening
of epiphytic orchid Cymbidium pendulum (Aggarwal and Nirmala,
2012), and the same with vermicompost for C. mastersii (Mohanty
et al.,, 2012); coconut husk and wood bark for Dendrobium
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Figure 3: (a-¢) P. fairricanum (a) Seedling subculture (b) Primary hardening (c) Secondary
hardening; (d-f) P. venustum (d) Seedling subculture (e) Primary hardening (f) Secondary
hardening; (g-i) D. densiflorum (g) Seedling subculture (h) Primary hardening (i) Secondary
hardening

heterocarpum (Longchar and Deb, 2022); charcoal and brick
pieces topped with moss for D. hookerianum (Paul et al., 2012) and
D. crepidatum (Bhattacharyya et al., 2016); cocopeat, pine bark
and sphagnum moss for D. densiflorum (Pant et al., 2022); brick
pieces, charcoal pieces, coco peat and vermiculite for D. aphyllum
(Hossain et al., 2013); and charcoal, brick pieces and decayed wood
and moss mix for primary hardening (Deb et al., 2022) have been
recommended as suitable substrata.

5. Conclusion

The aim of the study was to explore the suitability of non-agar low-
cost substrata for asymbiotic germination and in vitro seedling
production of Paphiopedilum fairrieanum, P. venustum and
Dendrobium densiflorum as well as to test the effectiveness of a
composite prepared from other low-cost substrata for
acclimatization and primary hardening of rooted seedlings,
followed by secondary hardening of transplanted seedlings. The
results indicate that Polyurethane foam is a viable alternative for
Paphiopedilum species, and Coconut husk chips show promise for
D. densiflorum. Charcoal, brick and Coconut husk chips based
low-cost substrata proves to be a worthy option for the hardening
of Paphiopedilums and D. densiflorum, and might also be used for
other orchids as well. The utilization of such such cost-effective
materials would not only contribute to large-scale seedling
production for conservation purposes but also meet the rising
demand for commercially important orchids.
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