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Abstract. Nuammee A, Pingyot T, Foowan S, Pumikong S, Rujichaipimon W, Sornpood S, Panyadee P. 2024. Effect of substrates of
transplantation of the rare epiphytic orchid Dendrobium farmeri for conservation. Biodiversitas 25: 708-715. Dendrobium farmeri Paxton
is an epiphytic orchid, one of the most celebrated for its beauty. However, its natural population is dwindling, and it faces the risk of
extinction. Although tissue culture techniques are successful for orchid propagations, the transplantation of in vitro-derived plantlets to
ex-vitro conditions is often restricted by high mortality, which is considered a challenging and crucial stage in orchid conservation. This
study investigated the effect of substrate mixtures on the survival and growth of D. farmeri plantlets under greenhouse conditions. The
substrates for acclimatization contained coconut husk, charcoal chips, brick chips, sphagnum moss, fern fiber, and leaf mold in various
ratios. Survival percentage and vegetative growth characteristics of plantlets were the main observations recorded. The result showed
that the substrate mixture containing brick chips, charcoal chips, and sphagnum moss in a 1:1:2 ratio was the most effective, yielding
100% at 30 days and 96.7% at 180 days post-transplantation, fostering improved development of plantlets under greenhouse conditions.
The findings suggest that this optimized substrate mixture could be a standard approach for acclimating D. farmeri and potentially other

epiphytic orchids, enhancing conservation efforts and commercial cultivation.
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INTRODUCTION

The Orchidaceae comprises approximately 28,000
species worldwide (Christenhusz and Byng 2016; Zhang et
al. 2023). Thailand's orchid flora is highly diverse, with
nearly 1.300 species (Pedersen et al. 2011; Pedersen et al.
2014; Pingyot et al. 2021; Pedersen et al. 2022).
Dendrobium Sw., the second-largest genus in Thailand after
Bulbophyllum, consists of about 149 species (Chayamarit et
al. 2014) known for their high ornamental, medicinal, and
commercial value (Hinsley et al. 2018; Ramesh et al.
2019). However, several factors, such as the illegal
collection of wild orchids, habitat loss, and climate change,
have dramatically diminished the numbers and the
abundance of wild orchids in Thailand, leading to 43
species of Dendrobium becoming rare and threatened
(Chamchumroon et al. 2017).

Dendrobium farmeri Paxton is a sympodial epiphytic
orchid and one of the most well-known for its beauty. It is
native to India, Nepal, Bhutan, Myanmar, Thailand,
Vietnam, and Peninsular Malaysia, and it grows in
deciduous to evergreen forests (Rujichaipimon 2020). Its
pseudobulbs are clavate to fusiform, abruptly widening
from a stalk-like base and normally four longitudinal
ridges, carrying 1-4 alternate lanceolate-oblong leaves. Its
inflorescences are usually pendulous, comprising 9 to 28
flowers arranged in racemose inflorescences. Flowers are
usually pale pinkish purple with yellow on labellum, 3-6
cm long. The labellum is described as broadly oblong,
nearly square without side lobes, and not embracing a

column (Figures 1A-B).

It has experienced declines in its natural population due
to over-collection, habitat disturbance by anthropogenic
activity, and a low fruit-set rate in nature. Consequently, D.
farmeri has been listed as CITES Appendix Il (CITES
2023) and is considered a rare species (Chamchumroon et
al. 2017). Therefore, D. farmeri is included in the Queen
Sirikit Botanic Garden conservation program.

The micropropagation or tissue culture technique is
generally used for producing orchid plantlets, such as those
of Dendrobium plantlets, derived from both asymbiotic and
symbiotic germination seeds (Teixeira da Silva et al.
2015a; Teixeira da Silva et al. 2015b). Nonetheless, this
technique is often restricted by the high mortality of
plantlets during acclimatization (Mirani et al. 2017). The
transition of in vitro plantlets to ex vitro conditions is
challenging both the acclimatization in the greenhouse and
subsequent field conditions. It is considered a difficult
stage of orchid cultivation and conservation. Moreover, the
post-acclimatization conditions such as light intensity,
temperature, moisture of the greenhouse, substrate mix
used, and the age and genotype of orchids are important
factors for the survival and growth of plantlets (Teixeira da
Silva et al. 2017). Although many previous studies have
focused on tissue culture and in vitro propagation of
Dendrobium (Teixeira da Silva et al. 2015a), there are few
reports on the post-in vitro stage, especially the
acclimatization of in vitro-derived plantlets to ex vitro
conditions of D. farmeri.
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Historically, ~most  substrates used for the
acclimatization of in vitro-raised Dendrobium plantlets are
made up of brick or charcoal pieces, broken tiles, pine
bark, cycad bark, cocopeat, coconut coir, sawdust, perlite,
vermiculite, peat or sphagnum moss (Parthibhan et al.
2015; Teixeira da Silva et al. 2017; Bing et al. 2018; Faria
et al. 2018; Barua et al. 2022). Generally, coconut husk was
the most common substrate for commercial cultivation of
Dendrobium (Faria et al. 2018). It was a beneficial
substrate for the survival and growth of plantlets
(Hariyanto et al. 2019; Lakshanthi and Seran 2019).
However, the suitable substrate providing high survival and
growth in different Dendrobium species was still different
in the type and ratios of substrates.

Despite the recognized importance of substrate
composition in the acclimatization process, there is a
notable paucity of research focusing on the quantitative
analysis of substrate effects on D. farmeri survival. This
study aims to address this research gap by evaluating the
influence of wvarious substrate mixtures on plantlet
acclimatization to establish an evidence-based protocol for
the ex vitro establishment of this species.

Understanding the intricacies of this process can
significantly enhance the conservation practices not only
for D. farmeri but also for other epiphytic orchids facing
similar threats. By improving survival rates during
acclimatization, this research could contribute to the
recovery of natural populations and the success of orchid
reintroduction programs.

MATERIALS AND METHODS

Study site and environmental factors

The experiment was conducted from March until
September 2023 at the Queen Sirikit Botanic Garden
greenhouse, The Botanical Garden Organization, Chiang
Mai, Thailand. The aim was to identify a suitable
hardening substrate for ex vitro acclimatization of in vitro
plantlets of D. farmeri (Figure 1) before reintroduction into
the natural habitat. Environmental conditions in the
greenhouse were controlled, maintaining temperatures at
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23-25°C, relative humidity at 70-90% of relative humidity,
and light intensity between 2,500-3,500 lux.

Plant material and preparation

In vitro plantlets of D. farmeri that germinated from
seeds and exhibited 2-4 pseudobulbs with a height of 40-60
mm were taken from culture bottles. The plantlets were
rinsed with sterilized water to eliminate any media
adhering to the roots. The plantlets were immersed in a
0.01% captan solution (1 g/10 L) for 10 minutes before
being transplanted into the pots to prevent fungal infection.
Then, the plantlets were placed on sphagnum moss within a
plastic tray inside a chamber to pre-acclimatize before
being planted in the substrate mixtures.

Substrate used and experimental design

The hardening substrates were comprised of coconut
husk, charcoal chips, brick chips, sphagnum moss, fern
fiber, and leaf mold. Both coconut husk and charcoal were
soaked in water for three days to leach out any acidity. All
the substrates were sterilized and treated with a captan
solution to reduce fungal contaminants before mixing. The
mixtures were poured into small plastic pots measuring 9.5
cm in length and width. Five treatments with different
mixtures were designed, as detailed in Table 1 (as modified
from Vijayakumar et al. 2012; Teixeira da Silva et al. 2017;
Barua et al. 2022; Ramasoot et al. 2022). A total of 150
plantlets were distributed across the five treatments, each
with three replicates and each replicate containing 10
plantlets. No fertilization was applied during the treatments.

Table 1. The substrate mixtures and treatment codes for the
experiments

Treatments Substrates
code
T1 Coconut husk
T2 Coconut husk:charcoal chips (1:1)
T3 Brick chips:charcoal chips (1:1)
T4 Brick chips:charcoal chips:sphagnum moss (1:1:2)
T5 Brick chips:charcoal chips:fern fiber:leaf mold:

sphagnum moss (1:1:1:1:2)

Figure 1. Dendrobium farmeri. A. Plant in natural habitat; B. Inflorescence and flowers



710

The acclimatization protocol

The acclimatization was carried out under the
greenhouse's 80% shade provided by black agro shade nets.
Healthy and vigorous plantlets were selected for
acclimatization in five different substrate mixtures. After
potting, the plantlets were placed in a humid chamber and
covered with a transparent polythene sheet to retain
moisture and prevent desiccation. The plantlets were
covered entirely for the first week post-transplantation to
maintain high relative humidity.

In the second week, the cover was slightly opened for
1-2 hours daily to reduce relative humidity inside the
humid chamber gradually. During the third week, the cover
was opened for 5-6 hours daily, and by the end of the
fourth week, it was completely removed, and the plantlets
were also completely uncovered. Subsequently, watering
was performed once or twice daily based on the substrate
moisture level during summer but only once daily during
the rainy season, with exceptions on rainy days. After 4
weeks of pre-acclimatization, only the surviving plantlets
were kept for further growth assessment over 180 days,
with 4 plants per replicate monitored.

Recorded measures and statistical analysis of data

Survival and mortality of plantlets were recorded after
every 30 days post-transplantation to calculate the survival
percentage. Vegetative growth parameters, including plant
height, number of initial and dried pseudobulbs, number of
initial leaves per plant, the length and width of initial
leaves, number of new shoots, number of new leaves per
plant, the length and width of new pseudobulb per plant,
the length and width of new leaves per plant, were
measured every 30 days. The collected data were analyzed
using ANOVA, with the assumption of equal variances
being tested. Given the significance of the ANOVA, a
Duncan's Multiple Range (DMR) test was employed to
discern specific group differences at a significance level of
P<0.05.

RESULTS AND DISCUSSION

Survival of plantlets

In this study, plantlets were transplanted into various
substrate mixtures. The survival percentages recorded over
180 days post-transplantation did not show a significant
difference )P<0.05( among the substrate mixtures )Table
2(. However, during the study period (180 days), the
highest survival percentage was found in treatment T1 and
T4 )96.7%(, followed by T2, T5 )93.3%(, and T3 )86.7%(
(Table 2).

The acclimatization for the initial days of
transplantation is an important step for the successful
transplantation process of in vitro plantlets because the
orchid plantlets were grown under high humidity and stable
temperature inside the culture bottles during the in vitro
cultures. Maintaining maximum humidity and optimal
temperatures around the plantlets during the initial days of
transplantation is of utmost importance (Mirani et al. 2017;
Lakshanthi and Seran 2019).
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Growth performance of plantlets

Owing to the orchid plantlet’s slow growth rate. Until
one month after transplanting to ex vitro conditions in a
greenhouse, the plantlet of D. farmeri was successful in
survival rate, but the development was insignificant.
Therefore, the plantlets were maintained for a further five
months to investigate the vegetative growth of both initial
organs of plantlets before growing in substrates and new
organs produced during acclimatization. The results
showed that the vegetative growth characteristics in
treatments T4 and T5 were better than other treatments
(Tables 3 and 4).

Although the survival percentage was highest during
the acclimatization at 30 days of transplantation, many
plantlets in treatment T3 produced wilting, charring, and
falling leaves compared to other treatments (Figures 2A-
K). However, they can produce new shoots and new roots
later. These results indicated that the substrate mixtures
may affect orchid plantlets' survival rate and growth
performances.

Plant height, number of initial pseudobulbs, number of
initial leaves, leaf length and width

Post-transplantation, the average height of D. farmeri
plantlets showed a general increase across all treatments,
with treatment T4 demonstrating a significant difference in
the plant height (P<0.05) compared to the others (Table 3).
Although the average height of plantlets in the treatment
T4 and T5 were higher than T1, T2, and T3 at the
beginning of acclimatization, the height rate of the
treatment T4 during transplantation within 180 days was
highest, followed by T5, T2, T1, and T3 respectively.

The habit of D. farmeri is a sympodial epiphytic orchid;
the number of pseudobulbs, including initial, new, and
dried pseudobulbs, were monitored before and during
acclimatization. The results showed that the number of
initial pseudobulbs recorded from the beginning of
acclimatization (at 0 days) ranging from 2.33 to 2.92
pseudobulbs gradually decreased in all treatments (Table
3). At the same time, the number of dried pseudobulbs was
increased in all treatments (Table 3). At 180 days of
transplantation, the initial pseudobulbs were dried, ranging
from 0.42 to 1.25. However, there were no significant
differences among the 5 treatments.

In addition, the number of initial leaves per plant was
recorded from the beginning of acclimatization (at O days),
ranging from 2.67 to 3.83 leaves per plant. It quickly
decreased within 30 days during acclimatization because
the plantlets were wilting, charring of leaves, and dropping
leaves, especially the treatment T3, which had a higher rate
of falling leaves than other treatments (Table 3). The
number of initial leaves at 180 days of transplantation
remained at 0.75 to 1.83 per plant. The treatment T4 was
higher than T5, T2, T1 and T3 respectively. However, there
were no significant differences among the 5 treatments.

Notably, the rate of falling leaves in treatment T4 was
lower than other treatments. The remaining leaves
continuously developed, and as a result, treatment T4
showed significant differences (P<0.05) in the length and
width of initial leaves among the 5 treatments (Tabel 3).
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Table 2. Survival percentage of in vitro plantlets of Dendrobium farmeri at 0, 30, 60, 90, 120, 150 and 180 days to ex vitro conditions

Treatment 0 days 30 days 60 days 90 days 120 days 150 days 180 days
T1 100.0 + 0.00a 100.0 + 0.00a 100.0+0.00a  96.7+0.33a  96.7+0.33a  96.7+0.33a  96.7+0.33a
T2 100.0 + 0.00a 100.0 + 0.00a 93.3+0.67a 93.3+0.67a 93.3x0.67a 93.3+0.67a 93.3+0.67a
T3 100.0 + 0.00a 96.7 £ 0.33a 96.7 £ 0.33a 90.0+0582 86.7+0.33a 86.7+0.33a  86.7+0.33a
T4 100.0 + 0.00a 100.0 + 0.00a 96.7 £ 0.33a 96.7+0.33a 96.7+0.33a 96.7+0.33a  96.7+0.33a
T5 100.0 + 0.00a 100.0 + 0.00a 100.0+0.00a 96.7+0.33a  93.3+0.67a  93.3+0.33a 93.3+0.33a

Note: F test=P<0.05. Data is based on the availability of the surviving plantlets. All the values are expressed as mean * standard error of
three replicates. According to Duncan's test, means followed by the same letter are not significantly different at a 5% significant level

Table 3. Vegetative growth characteristics of in vitro plantlets of D. farmeri in different substrate mixtures at 0, 30, and 180 days under
ex-vitro conditions in terms of shoot length, initial pseudobulbs, and initial leaves

Vegetative growth characteristics

Days Treatment Pl - No. of initial  No. of dried No. of initial Leaf length of Leaf width of
ant height T o

pseudobulbs  pseudobulbs leaves per plant initial leaves initial leaves
0 T1 47.58 +3.47a 2.75+0.37a  0.00 £ 0.00a 3.83+0.52a 26.88 £ 2.34b 7.46 £0.38b
days T2 51.82 + 3.83a 2.75+0.35a  0.00 £ 0.00a 3.08+0.19 30.73 + 3.46ab 8.00 £ 0.50b
T3 47.51 + 3.68a 2.33+0.19a  0.00 £ 0.00a 2.67 £ 0.36a 31.41 + 2.84ab 8.75 £ 0.59ab

T4 56.47 £ 3.78a 2.33+0.14a  0.00 £ 0.00a 2.75+0.33a 38.30+1.73a 10.26 + 0.70ab

T5 51.18 £ 4.02a 2.92+0.42a  0.00+0.00a 3.58 £ 0.50a 35.60 + 2.36a 11.17 £ 1.80a
30 T1 39.32 £5.76b 2.58+0.44a  0.08 +0.08a 1.58 + 0.38ab 22.01 +4.51bc 6.95+1.27b
days T2 41.97 £5.15b 2.25+0.22a 0.50+0.41a 1.75 £ 0.35ab 19.70 £ 3.99¢c 7.00 +1.26b
T3 42.63 +5.44b 2.00+0.17a  0.33+0.19a 0.83+0.24b 26.16 + 6.30bc 7.05+1.78b

T4 63.30 + 1.54a 225+0.13a  0.08 £0.08a 241+0.19 39.63+1.37a 12.68 + 0.67a

T5 59.85 + 4.02a 267+036a 0.25+0.13a 2.50 £ 0.44a 33.38 £ 3.88ab 10.49 + 1.11ab
180 T1 45.81 £ 6.01c 1.42+0.36a 1.25+0.25ab 0.83 £0.35b 18.75 + 6.20b 4.79 £1.59
days T2 52.96 + 6.52bc 1.42+0.26a 0.75+0.28ab 1.25+0.28ab 23.59 £ 5.08b 7.14 £1.35b
T3 45.69 £ 5.60c 1.17+0.21a 1.00 £0.28ab 0.75 £ 0.25b 18.88 +5.78b 5.24 £ 1.66b

T4 72.40 +3.19a 192+0.15a  0.42+0.15b 1.83+0.21a 42.93 £ 2.5% 12.25+0.71a
T5 65.82 + 4.27ab 1.92+0.31a 1.00 £ 0.28ab 1.33 + 0.40ab 20.07 £5.71b 6.88 £ 1.82b

Note: F test=P<0.05. Data is based on the availability of the surviving plants. All the values are expressed as mean + standard error of
three replicates. According to Duncan's test, means followed by the same letter are not significantly different at a 5% significant level.
Mean comparisons and Duncan’s test were done among T1 to T5 for 0, 30 and 180 days

Table 4. Vegetative growth characteristics of in vitro plantlets of D. farmeri in different substrate mixtures at 0, 30, and 180 days under
ex-vitro conditions in terms of new shoots, new pseudobulbs, and new leaves

Vegetative growth characteristics

Days  Treatment No. of new The length of The width of No. of The length of The width of
shoots new new new leaves new leaves new leaves
pseudobulbs pseudobulbs per plants per plant per plant
0 days T1 0.00 £ 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a
T2 0.00 £ 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a
T3 0.00 £ 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 £ 0.00a 0.00 £ 0.00a
T4 0.00 £ 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a
T5 0.00 £ 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a
30 T1 0.42£0.19% 0.96 + 0.42a 0.55 + 0.24ab 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a
days T2 0.25+0.13a 1.28+0.72a 0.40 £ 0.22ab 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a
T3 0.80 £0.83a 0.33+0.33a 0.14+£0.14b 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a
T4 0.42 £0.15a 3.20+1.52a 1.32+0.53a 0.17+0.11a 0.60 + 0.60a 0.55+0.37a
T5 0.33+0.19% 2.15+1.36a 0.71+£0.43ab 0.83 £0.83a 1.63+1.63a 0.39£0.3%
180 T1 2.08 £ 0.29b 10.06 + 1.64b 3.15+0.38ab 2.67+0.58a 24.18 +3.87b 7.69 £ 1.09b
days T2 1.33+0.23b 9.68 + 1.38b 3.15+0.51ab 1.50 + 0.29a 22.97+4.53b 9.23+1.14b
T3 1.92 + 0.26b 8.96 + 1.14b 2.83+0.34b 2.00 +£0.30a 26.97 + 3.48ab 8.27 £1.0%b
T4 2.17 £ 0.32ab 15.73 + 1.41a 4.21 +£0.36a 2.25+0.33a 36.62 + 3.23a 12.92 +1.20a
T5 2.92 +0.26a 12.32 + 1.00ab 3.54 £ 0.31ab 2.25+0.41a 29.04 + 4.49ab 9.42 + 1.30b

Note: F test=P<0.05. Data is based on the availability of the surviving plants. All the values are expressed as mean + standard error of
three replicates. According to Duncan's test, means followed by the same letter are not significantly different at a 5% significant level.
Mean comparisons and Duncan’s test were done among T1 to T5 for 0, 30 and 180 days
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Figure 2. Acclimatized plantlets of D. fameri in different substrate mixtures at 30 days (A, C, E, G, J) and 180 days (B, D, F, H, K). A-
B. The coconut husk substrate; C-D. The substrate mixtures of coconut husk and charcoal; E-F. The substrate mixtures of brick and
charcoal; G-H. The substrate mixtures of brick, charcoal, and sphagnum moss; J-K. The substrate mixtures of brick, charcoal, fern fiber,
leaf mold and sphagnum moss. Note that photos on the left column appear darker, but visually, there is no difference in leaf color

between samples in 30 days and 180 days

New shoots, new pseudobulbs, and new leaves

The growth performances of new organs were
monitored during and after the acclimatization phase. This
result showed that producing new organs of D. farmeri
plantlets in new shoots, new pseudobulbs, new leaves, and
new roots were found at 30 days of transplanting to ex vitro
conditions. The number of new shoots per plant in
treatment T5, approximately 2.92 shoots per plant, was the
highest and most significant difference (P<0.05), followed
by treatment T4 (approximately 2.17 shoots per plant)
(Table 4, Figure 3A). In addition, the highest length and

width of new pseudobulbs were found in treatment T4 and
followed by T5 (Figures 3C-D). Particularly, the length of
new pseudobulbs in treatment T4 was a significant
difference (P<0.05) from other treatments (Table 4).

The new leaves of D. farmeri plantlets were distinctly
developed at 60 days of transplantation. The number of
leaves per plant was the highest in treatment T1 (Figure
3B). Nevertheless, the length and width of new leaves in
treatment T4 were better than other treatments (Table 4,
Figures 3E-F).
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Figure 3. Effect of different substrate mixtures on in vitro plantlets of D. farmeri. A. The number of new shoots; B. The number of new
leaves per plant; C. The length of new pseudobulbs; D. The width of new pseudobulbs; E. The length of new leaves per plant; F. The

width of new leaves per plant

Discussion

In greenhouse conditions, humidity, temperature, and
light intensity differ greatly from in vitro conditions. The
sudden changes in humidity, temperature, and irradiance
when transferring orchid plantlets to ex-vitro conditions
increase plantlet mortality percentage (Mirani et al. 2017).
Moreover, the stomata of plants grown in vitro show a
characteristic inability to close with poor epicuticular wax
formation when first removed from culture. This may cause
excessive evapotranspiration after transplantation to ex
vitro conditions. As a result, plantlets may rapidly wilt and
die (Asayesh et al. 2017; Teixeira da Silva et al. 2017;
Aliniaeifard et al. 2020).

In this study, relative humidity was maintained at 80-
100% by keeping the plantlets inside the completely closed
a humid chamber during the first week of transplantation.
Then, the chamber was opened to gradually decrease the

relative humidity and temperature in the second to the
fourth weeks. This process can increase the adaptability of
plantlets to ex vitro conditions and reduce fungal infection
(Abul-Soad 2011). In addition, the closing of humid
chamber for a long time would increase the temperature
and maximize the relative humidity, which causes damage
to the plantlets (Mirani et al. 2017; Lakshanthi and Seran
2019).

The results from growth performances indicated that
substrate mixtures in treatments T4 and T5 were suitable
for the transplantation of D. farmeri plantlets, whereas
treatment T3 revealed very poor growth in most vegetative
growth characteristics. These results indicated the crucial
impact of the substrate mixtures on the development of
plantlets. The substrate mixtures in treatment T4 and T5
were composed of sphagnum moss, which has a high water
absorption capacity, low pH and absorbs large quantities of
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mineral nutrients (Lichty et al. 2014; Aubé et al. 2015;
Ké&mérdinen et al. 2018; Morandini et al. 2022). Therefore,
sphagnum moss may be the best substrate for maintaining
humidity during the acclimatization of D. farmeri plantlets,
especially in more temperate climates where pots lose
water rapidly (Teixeira da Silva et al. 2017), helping
pseudobulb and leaves were vigorous.

Dendrobium orchids are mainly epiphytes. In nature,
their exposed roots absorb moisture from humid air.
Selecting suitable substrate mixtures for acclimatization
must add one or two materials that can absorb water to
improve plantlet survival and growth performances
(Teixeira da Silva et al. 2017). The substrate having high
water holding capacity, strong permeability, and moderate
aeration was the best for acclimatization of in vitro-grown
orchids (Lakshanthi and Seran 2019).

Although the previous reports indicated coconut husks
are a suitable substrate for Dendrobium plantlets and
suitable to improve water holding capacity of the substrate
and nutrient contents at the initial stage (Lakshanthi and
Seran 2019), the growth performances of D. farmeri
plantlets revealed not well-developed. Therefore, coconut
husk may not be suitable for acclimating D. farmeri
plantlets. In addition, brick pieces and charcoal provide
good aeration and mechanical support to plantlets
(Lakshanthi and Seran 2019). This explains why the
treatment T4 showed higher survival percentage and long-
term growth performances after transplanting to ex vitro
conditions. Nevertheless, sphagnum moss is rare and
expensive, whereas coconut husk is a common and cheap
substrate. So, coconut husk may be the alternative substrate
for growing plantlets of D. farmeri.

In the present study, a protocol was developed to
efficiently acclimate in vitro-grown plantlets to ensure
subsequent growth of orchids under ex-vitro conditions.
Substrate mixtures containing brick, charcoal, and
sphagnum moss at a 1:1:2 ratio could be better to increase
the survival and growth rate of D. farmeri plantlets during
acclimatization to ex vitro conditions.

ACKNOWLEDGEMENTS

This work was supported by The Botanical Garden
Organization, Thailand Science Research and Innovation
(TSRI) and National Science, Research, and Innovation
Fund (NSRF) (NRIIS number 180108).

REFERENCES

Abul-Soad AA. 2011. Micropropagation of Date palm using inflorescence
explants. In: Jain SM, Al-Khayri JM, Johnson DV (eds). Date Palm
Biotechnology. Springer, Dordrecht. DOI: 10.1007/978-94-007-1318-
5_6.

Aliniaeifard S, Asayesh ZM, Driver J, Vahdati K. 2020. Stomatal features
and desiccation responses of Persian walnut leaf as caused by in vitro
stimuli aimed at stomatal closure. Trees 34: 1219-1232. DOI:
10.1007/s00468-020-01992-x.

Asayesh ZM, Vahdati K, Aliniaeifard S, Askari N. 2017. Enhancement of
ex vitro acclimation of walnut plantlets through modification of
stomatal characteristics in vitro. Sci Hortic 220: 114-121. DOI:
10.1016/j.scienta.2017.03.045.

BIODIVERSITAS 25 (2): 708-715, February 2024

Aubé M, Quenum M, Ranasinghe LL. 2015. Characteristics of Eastern
Canadian cultivated sphagnum and potential use as a substitute for
perlite and vermiculite in peat-based horticultural substrates. Mires
Peat 16: 1-18.

Barua KN, Singha BL, Bora B, Bordoloi S. 2022. In vitro seed
propagation of endangered Dendrobium-Dendrobium lituiflorum
Lindl. and D. aduncum Lindl. Intl J Pharm Biol Sci Arch 3 (2): 108-
115. DOI: 10.53771/ijbpsa.2022.3.2.0056.

Bing HN, Tham DT, Vinh TT, Hoi QV, Cong VK, Duy NV. 2018. In
vitro propagation of the new orchid Dendrobium trankimianum T.
Yukawa. Vietnam J Biotechnol 16 (4): 649-657. DOI:
10.15625/1811-4989/16/4/11155.

Chamchumroon W, Suphuntee N, Tetsana N, Poopath M, Tanikkool S.
2017. Threatened plants in Thailand. Department of National Parks
Wildlife and Plant Conservation, Bangkok, Thailand.

Chayamarit K, Pooma R, Pattharahirantricin N. 2014. A Checklist of
Plants in Thailand Volume I. Office of Natural Resources and
Environmental Policy and Planning. Bangkok, Thailand.

Christenhusz MJM, Byng JW. 2016. The number of known plants species
in the world and its annual increase. Phytotaxa 261 (3): 201-217.
DOI: 10.11646/phytotaxa.261.3.1.

CITES UW. 2023. The Checklist of CITES Species Website. Appendices
I, I and 111 valid from 05 October 2023. CITES Secretariat, Geneva,
Switzerland. Compiled by UNEP-WCMC, Cambridge, UK.
http://checklist.cites.org.

Faria RT, Stegani V, Bertoncelli DJ, Alves GAC, Assis AM. 2018.
Substrates for the cultivation of epiphytic orchids. Semina: Cienc
Agrar 39 (6): 2851-2866. DOI: 10.5433/1679-0359.2018v39n6p2851.

Hariyanto S, Jamil AR, Purnobasuki H. 2019. Effects of plant media and
fertilization on the growth of orchid plant (Dendrobium sylvanum
rchb. F.) in acclimatization. Plant Trop J Agro Sci 7: 66-72. DOI:
10.18196/pt.2019.095.66-72. [Indonesian]

Hinsley A, De Boer HJ, Fay MF, Gale SW, Gardiner LM, Gunasekara RS,
Kumar P, Masters S, Metusalai D, Roberts DL, Veldman S, Wong S,
Phelps J. 2018. A review of the trade in orchids and its implications
for conservation. Bot J Linn Soc 186: 435-455. DOI:
10.1093/botlinnean/box083.

Kamarainen A, Simojoki A, Lindén L, Jokinen K, Silvan N. 2018.
Physical growing media characteristics of Sphagnum biomass
dominated by Sphagnum fuscum (Schimp.) Klinggr. Mires Peat 21: 1-
16. DOI: 10.19189/MaP.2017.0MB.278.

Lakshanthi JMT, Seran TH. 2019. Survival rate and growth performance
of in vitro raised plantlets of orchid (Dendrobium sp.) in different
hardenings substrates. Intl J Adv Res Rev 4 (3): 1-9.

Lichty J, Singleton P, Kim HJ. 2014. Substrates affect irrigation frequency
and plant growth of potted orchids. Acta Hortic 1104: 463-468. DOI:
10.17660/ActaHortic.2015.1104.66.

Mirani AA, Abul-Soad AA, Markhand GS. 2017. Effect of different
substrates on survival and growth of transplanted orchids
(Dendrobium nobile cv.) into net house. Intl J Hortic Floriculture 5
(4): 310-317.

Morandini MC, Kain G, Eckardt J, Petutschnigg A, Tippner J. 2022.
Physical-mechanical properties of peat moss (Sphagnum) insulation
panels with bio-based adhesives. Materials 15: 3299. DOI:
10.3390/ma15093299.

Parthibhan S, Kumar TS, Rao MV. 2015. Phenology and reintroduction
strategies for Dendrobium aqueum Lindley-An endemic, near
threatened orchid. J Nat Conserv 24: 68-71. DOI:
10.1016/j.jnc.2014.11.003.

Pedersen HA, Bunpha K, Tessana N. Chantanaorrapint S, Traiperm P,
Nuammee A, Watthana S, Suddee S. Gale SW, Seelanan T,
Rattanakrajang P. 2022. Orchidaceae 3 (Epidendroideae p.p.:
Malaxideae, Podochileae). In: Chayamarit K, Balslev H (eds). Flora
of Thailand. The Forest Herbarium, Department of National Parks,
Wildlife and Plant Conservation. Bangkok.

Pedersen HAE, Kurzweil H, Suddee S, Cribb PJ. 2011. Orchidaceae 1
(Cypripedioideae, Orchidoideae, Vanilloideae). In: Santisuk T, Larsen
K (eds). Flora of Thailand. The Forest Herbarium, Department of
National Parks, Wildlife and Plant Conservation, Bangkok.

Pedersen H/A, Kurzweil H, Suddee S, de Vogel EF, Cribb PJ,
Chantanaorrapint S, Watthana S, Gale SW, Seelanan T,
Suwanphakdee C. 2014. Orchidaceae 2 (Epidendroideae p.p.:
Neottieae, Tropidieae, Nervilieae, Gastrodieae, Thaieae, Calypsoeae,
Arethuseae, Collabieae, Cymbidieae). In: Santisuk T, Balslev H (eds).
Flora of Thailand. The Forest Herbarium, Department of National
Parks, Wildlife and Plant Conservation, Bangkok.



NUAMMEE et al. — Effect of substrates transplantation from Dendrobium farmeri 715

Pingyot T, Nuammee A, Pumikong P, Intamusik S. 2021. Thai Native
Orchids. The Botanical Garden Organization, Ministry of Natural
Resources and Environment. Chiang Mai.

Ramasoot S, Weerapong M, Keawsaard Y, Ritchuay S, Rotduang P. 2022.
Enhance efficiency propagation and conservation of Toothbrush
Orchid in vitro. Songklanakarin J Plant Sci 9 (1): 15-23.

Ramesh T, Koperuncholan M, Praveena R, Ganeshkumari K, Vanithamani
J, Muruganantham P, Renganathan P. 2019. Medicinal properties of
some Dendrobium orchids-A review. J Appl Adv Res 4 (4): 119-128.
DOI: 10.21839/jaar.2019.v4i4.72.

Rujichaipimon W. 2020. Taxonomic Study and Leaf Anatomy in some
Species of Dendrobium Sw. (Orchidaceae) in Thailand. [Thesis].
Mahidol University, Bangkok. [Thai]

Teixeira da Silva JA, Dobranszki J, Cardoso JC, Zeng SJ. 2015a.
Micropropagation of Dendrobium: A review. Plant Cell Rep 34: 671-
704. DOI: 10.1007/s00299-015-1754-4.

Teixeira da Silva JA, Hossain MM, Sharma M, Dobranszki J, Cardoso JC,
Zeng SJ. 2017. Acclimatization of in vitro-derived Dendrobium.
Hortic Plant J 3 (3): 110-124. DOI: 10.1016/j.hpj.2017.07.009.

Teixeira da Silva JA, Tsavkelova E, Zeng SJ, Ng TB, Dobranszki J,
Parthibhan S, Cardoso JC, Rao MV. 2015h. Symbiotic in vitro seed
propagation of Dendrobium: fungal and bacterial partners and their
influence on plant growth and development. Planta 242: 1-22. DOI:
10.1007/S00425-015-2301-9.

Vijayakumar S, Rajalkshmi G, Kalimuthu K. 2012. Propagation of
Dendrobium aggregatum through the culture of immature seeds from
green capsules. Lankesteriana 12: 131-135. DOl:
10.15517/lank.v0i0.11763.

Zhang G, Hu Y, Huang M-Z, Huang W-C, Liu D-K, Zhang D, Hu H,
Downing JL, Liu Z-J, Ma H. 2023. Comprehensive phylogenetic
analyses of Orchidaceae using nuclear genes and evolutionary
insights into epiphytism. J Integr Plant Biol 65: 1204-1225. DOI:
10.1111/jipb.13462.



	INTRODUCTION

