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Abstract-Efficient in vitro propagation of Cymbidium aloifolium
protocorm-like-bodies (PLBs) using carbohydrate sources and hormones
as a medium supplement was established. Twelve-week-old protocorms
were used as explants. Experiment 1 ; protocorms were propagated on
solidified New Dogashima (ND) medium supplemented with various
concentrations of glucose and sucrose (0, 20, 25, 30, 35 and 40 g/l) as
carbohydrate sources. Experiment 2 ; protocorms were cultured on the
same medium added 2,4-dichlorophenoxyacetic acid (2,4-D ; 0, 0.5, 1
and 1,5 mg/l) combination with kinetin (0, 1 and 2 mg/l) as plant growth
regulators. Survival, response, shoot number and length, root number
and length, leaf number, and fresh and dry weight were measured after
12 weeks of culture. Results revealed that sucrose as the appropriate
carbohydrate source for promoting shoot and leaf development while
glucose was better for stimulating weight and root development. Optimal
concentration of sucrose was 20-35 g/l with highest leaf number obtained
at 20 g/l, shoot number at 25 g/l and shoot length at 35 g/l. The highest
fresh weight, dry weight, root number and length were recorded at 35
g/l glucose treatment. Supplementation of hormone 2,4-D as auxin, and
kinetin as a cytokinin produced highest growth of protocorm at 0.5 mg/l
2,4-D and 2 mg/l kinetin treatment. Different supplements and
concentrations had diverse affected on root, shoot and leaf growth.
These results provided valuable knowledge for future orchid
conservation studies.
Keywords: 2,4-D, carbohydrate source, kinetin, orchid in vitro culture,
protocorm
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1. Introduction
Orchids are globally well-known as
beautiful ornamental flowers (Pornpienpakdee
et al., 2010). Many people are attracted to
cultivate orchids because of their pretty,
long-lasting blooms. Some countries
are orchid producers such as Thailand
(Worrachottiyanon & Bunnag, 2018). In
Thailand, orchids grow naturally in all
habitats, including evergreen forest hills
at 2,565 m. Cymbidium aloifolium is a
very popular orchid that can be found in
Thailand (Pant, 2013). This species has many
benefits and is often used for floriculture
and also traditional medicine (Regmi
et al., 2017). Populations of C. aloifolium
require conservation to maintain their
existence. Nowadays, market demand has
greatly increased, while orchid abundance
has decreased because of environmental
destruction (Pant, 2013). Plant tissue
culture can assist plant production in high
numbers by providing prominent nutrients
to stimulate plant growth (Goswami
et al., 2015). In vitro is a plant propagation
technique that can be used as an effective
solution to produce plants in large numbers
within a short time period (Asghar et al.,
2011). Using this technique, organic and
inorganic nutrition is provided to support
growth and development of plants so that
decline in orchids numbers can be prevented
(Goswami et al., 2015).
Plant tissue or cell culture needs
a carbohydrate source to support energy
demands (Al-Khateeb, 2008). Carbohydrate
sources play a prominent role as the foremost
energy suppliers to support the growth of
plant tissues. Sugars usually used for orchid
culture are sucrose, glucose, maltose and
fructose (Sopalun et al., 2010). Carbohydrate
sources such as glucose and sucrose have
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been shown to have a great impact on shoot
development (Luo et al., 2009). Hormones such
as auxin and cytokinin are essential factors
to improve orchid growth from protocorm
to plantlet (Parthibhan et al., 2015). Auxin
and cytokinin enhance protocorm growth,
stimulate protocorm multiplication and
increase shoot and root size. One of the most
important classes of plant growth hormones
are cytokinins that can increase protocormlike-bodied (PLB) regeneration, such as
zeatin riboside (Parthibhan et al., 2015),
6-Benzylaminopurine (BAP) in combination
with 1-Naphthaleneacetic acid (NAA) in
C. aloifolium cultures (Trunjareun &
Taratima, 2018). Media containing 2,
4-D (2,4-dichlorophenoxyacetic acid) and
kinetin are essential for inducing shoot
growth (Haque & Ghosh, 2017). Protocorm
treatment with auxin or cytokinin is a vital
factor in supporting plant development
(Parthibhan et al., 2015). Effects of auxin,
cytokinin and carbohydrates as media
supplements on shoots depend on their
concentrations and types (Prasertsirivatna
& Koolpluksee, 2011). Different species
may react differently to different
concentrations, types and combinations of
hormones. Appropriate concentrations of
medium supplements highly impact orchid
quantity, either alone or in combination.
Here, the effects of glucose and sucrose as
carbohydrate sources, and 2,4-D and kinetin
as hormones were studied on C. aloifolium
in vitro propagation.

2. Materials and Methods
2.1 Plant Materials
For protocorm induction, capsules of
C. aloifolium were sterilized using 5%
(v/v) sodium hypochlorite (Clorox) with
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two drops of Tween 20 for 15 min and then
dissected into two pieces. The mature seeds
were transferred and cultured on solid New
Dogashima (ND) medium supplemented
with 20 g/l sucrose and pH was adjusted
to 5.4. The cultures were incubated at
25 ± 2 °C with a 16/8 h light/dark cycle
providing 40 μmol.m-2.s-1 for 12 weeks.

2.2 Glucose and Sucrose Treatment
Twelve-week-old C. aloifolium protocorms
were used as explants. Protocorms were
propagated on solidified New Dogashima
(ND) medium supplemented with various
concentrations of glucose in combination
with sucrose (0, 20, 25, 30, 35 and 40 g/l)
as carbohydrate sources. The cultures were
incubated at 25 ± 2 °C with a 16/8 h light/
dark cycle providing 40 μmol.m-2.s-1.
Shoot survival percentage, shoot response
percentage, shoot number per plantlets,
shoot length, root number per plantlets,
root length, leaf number per plantlets and
fresh weight and dry weight were measured
after culture for 12 weeks.
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2.3 Kinetin and 2,4-D Treatment
Twelve-week-old protocorms were
propagated on solidified ND medium with
20 g/l sucrose and supplemented with
various concentrations of 2,4-D (0, 0.5, 1
and 1,5 mg/l) in combination with kinetin (0,
1 and 2 mg/l). The cultures were incubated
at 25 ± 2 °C with a 16/8 h light/dark cycle
providing 40 μmol.m-2.s-1. Shoot survival
percentage, shoot response percentage,
shoot number per plantlets, shoot length,
root number per plantlets, root length, leaf
number per plantlets and fresh weight and
dry weight were measured after culture for
12 weeks.

2.4 Statistical Analysis
Both experiments were conducted using
completely randomized design (CRD) with
five replications. Data were analyzed by
one-way analysis of variance (ANOVA)
with difference between means separated
by Duncan’s multiple range test (p ≤ 0.05).
All data were presented as mean value ±
standard error (SE).

3. Results
Table 1.

Treatments

Survival percentage, response percentage, shoot number, shoot length, root
number, root length, and leaf number of regenerated plants after cultured on
ND medium supplemented with difference carbohydrate sources
Survival
percentage

Glucose (g/l)
0
20
25
30

100
100
100
100

Response
percentage

Shoot
number/
PTC

100
100
100
100

0.64 ± 0.07d
1.02 ± 0.02c
0.92 ± 0.04c
1.12 ± 0.09bc

Growth performance (mean ± SE)
Shoot
Root
Root
length
number/
length
(cm)
PTC
(cm)
0.61 ± 0.09e
1.92 ± 0.15a
1.60 ± 0.19bc
1.47 ± 0.13c

0.02 ± 0.02f
1.22 ± 0.12c
1.24 ± 0.11c
1.30 ± 0.11bc

0.01 ± 0.01d
1.31 ± 0.13c
1.42 ± 0.18c
1.90 ± 0.18ab

Leaf
number/
PTC
1.34 ± 0.17e
2.16 ± 0.14ab
1.86 ± 0.12cd
2.06 ± 0.15c

Survival

Response

Treatments
percentage percentage
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Glucose (g/l)

Growth performance (mean ± SE)
Shoot

Shoot length
Root
Root length
Leaf
Science
Technology
and
Engineering
Journal
(STEJ)
(cm)
number/PTC
(cm)
number/PTC

number/PTC

0
Table
1.

d
100
100
0.64response
± 0.07d 0.61
± 0.09e shoot
0.02 ± number,
0.02f
0.01 ± 0.01
1.34 ± 0.17e
Survival percentage,
percentage,
shoot
length, root

25

ND
100

30

100

20

c
c
c
100
100 length,
1.02and
± 0.02
1.92 ± 0.15
1.22 ± 0.12plants
1.31
± 0.13
2.16
number, root
leaf
number
ofaregenerated
after
cultured
on ± 0.14ab
c
medium
carbohydrate
sources
(cont.)
100 supplemented
0.92 ± 0.04c with
1.60difference
± 0.19bc
1.24
± 0.11c
1.42 ± 0.18
1.86 ± 0.12cd

100

1.12 ± 0.09bc

1.47 ± 0.13c

1.30 ± 0.11bc

1.90 ± 0.18ab

2.06 ± 0.15c

Growth performance (mean ± SE)
Re35Treat- Survival
100
100
1.08 ± 0.04bc 1.57 ± 0.13bc
1.56 ± 0.13a
2.21 ± 0.21a
2.14 ± 0.10b
sponse
Shoot
Shoot
Root
Root
Leaf
percentc
percentnumber/
length
number/
40ments
100age
100
0.98
± 0.05c 1.00
± 0.08d number/
1.02 ± 0.10d length
1.30 ± 0.16
1.62 ± 0.12d
age
PTC
(cm)
PTC
(cm)
PTC
Sucrose (g/l)
bc
bc
a
a
35
100
100
1.08 ± 0.04 1.57 ± 0.13 b1.56 ± 0.13 2.21
± 0.21 2.14bc ± 0.10b
de
20
100
100
1.24 ± 0.09cb 1.78 ± 0.12
0.96 ± 0.10
1.51 ± 0.21
2.58 ± 0.20a
d
d
40
100
100
0.98 ± 0.05 1.00 ± 0.08 1.02 ± 0.10 1.30 ± 0.16c 1.62 ± 0.12d
25
100
100
1.62 ± 0.10a 1.28 ± 0.11cd
0.82 ± 0.08e
1.22 ± 0.19c
2.48 ± 0.15ab
Sucrose (g/l)
a
cd
c
30 20
100100
100
1.02 ±± 0.09
0.03bc 1.78
1.91
± 0.19
± de0.121.51
1.17bc± 0.15
2.10
± 0.11bc
b
a
100
1.24
± 0.12
0.961.16
± 0.10
± 0.21
2.58 ± 0.20
b
b
cd a
e
ab
35 25
100100
100
1.12
0.05abc 1.28
2.01
± 0.15
± 0.11
1.71c ± 0.18
±0.14ab
100
1.62 ±± 0.10
± 0.11
0.82 1.40
± 0.08
1.22 ± 0.19
2.48 ± 0.152.44
a
a a
bc ± 0.11ab
40 30
100100
100
1.08
0.06cbc 1.91
1.99
± 0.16
±cd0.12
1.70c ± 0.19
100
1.02 ± 0.03
± 0.19
1.16 1.58
± 0.12
1.17
± 0.15
2.10b ± 0.112.16
bc
35 ± SE followed
100
1.12 ± 0.05
0.15a 1.40 ± different
0.11b 1.71according
± 0.18b 2.44
±0.14ab and
Mean
by100
the different
letter2.01
are ±significantly
to ANOVA
40
100
100
1.08 ± 0.06bc 1.99 ± 0.16a 1.58 ± 0.12a 1.70 ± 0.19b 2.16 ± 0.11ab

Duncan’s Multiple Range Test (p < 0.05), PTC = protocorm

Mean ± SE followed by the different letter are significantly different according to ANOVA and Duncan’s
Multiple Range Test (p < 0.05), PTC=protocorm

A

BB

Figure 1. Biomass of C. aloifolium plantlets after cultured on ND medium with various concentrations
of glucose and sucrose; (A) fresh weight, and (B) dry weight. Data are shown as mean ± SE.

Appropriate concentration of glucose
and sucrose stimulated protocorm growth.
Survival and response of protocorm-likebodies (PLBs) were 100% in all treatments.
The appropriate sucrose to stimulate shoot

and leaf development was 20-35 g/l, while
glucose best stimulated root and weight at
35 g/l. The highest shoot growth resulted
from sucrose treatment with 1.62 ± 0.10
shoot per protocorm at 25 g/l sucrose
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treatment and 2.01 ± 0.15 cm shoot length
at 35 g/l treatment. The highest leaf number
per protocorm was obtained at 20 g/l sucrose
treatment which significantly difference
from other treatments and control (Table
1). Treatment at 35 g/l glucose resulted in
highest PLBs weight, fresh weight (0.70

Glucose
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± 0.06 g) and dry weight (0.07 ± 0.01 g)
(Figure 1). The roots achieved high growth
at 35 g/l glucose treatment, with 1.56 ±
0.13 root per protocorm and 2.21 ± 0.21 cm
length. All treatments showed plantlets with
roots, except for the control that presented
only shoots (Figure 2).

control

Sucrose

Figure 2. Plantlets of C. aloifolium after treated with different concentrations
of glucose and sucrose (scale=1 cm).

Figure 2. Plantlets of C. aloifolium after treated with different concentrations
of glucose and sucrose (scale = 1 cm).
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Table 2.
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Survival percentage, response percentage, shoot number, shoot length, root
number, root length, and leaf number of regenerated plants after cultured
on ND medium supplemented with various concentrations of Kinetin and
2,4-D.

Treatments

Survival Response
Kin 2,4-D percent- percent(mg/l) (mg/l)
age
age

Growth performance (mean ± SE)
Shoot
number/
PTC

Shoot
length
(cm)

Root
number/
PTC

Leaf
number/
PTC

Root
length
(cm)

0

0

100

98

1.02±0.03b 2.14±0.19a 2.04±0.14ab 1.88±0.14ab 2.72±0.13ab

0

0.5

46

46

1.29±0.18ab 1.49±0.45a 1.71±0.29ab 0.49±0.12c

2.57±0.20ab

0

1

22

22

nd

nd

0

1.5

30

30

nd

1

0

100

100

1.50±0.13

1

0.5

38

38

1.00±0.00b 0.93±0.35a 1.00±0.00b 0.38±0.09c

1.50±0.29b

1

1

48

48

1.00±0.00b 1.85±0.65a 1.50±0.50ab 0.35±0.05c

2.50±0.50ab

1

1.5

40

40

1.00±0.00

1.67±0.33b

2

0

52

52

1.56±0.15ab 1.88±0.15a 1.84±0.12ab 1.84±0.11ab 3.26±0.18ab

2

0.5

100

100

2.50±0.73a 2.46±0.48a 2.50±0.33a 2.30±0.40a

2

1

40

40

1.00±0.00b 1.47±0.20a 1.33±0.33ab 0.87±0.24bc 2.33±0.67ab

2

1.5

26

26

1.00±0.00b 0.80±0.20a 1.50±0.50ab 0.50±0.10c

nd

nd

nd
ab

b

nd

nd

2.40±0.23

a

1.23±0.12

a

nd

2.28±0.14

ab

1.00±0.00

b

nd

1.97±0.14

ab

1.10±0.06

abc

3.88±0.31ab

4.13±0.79a
0.50±0.50b

Mean ± SE followed by the different letter are significantly different according to ANOVA and Duncan’s
Multiple Range Test (p < 0.05), Kin=Kinetin ; 2,4-D=2,4-dichlorophenoxyacetic acid ; nd=no data ;
PTC=protocorm

Hormones play an important role in
plant growth and development especially
auxin and cytokinin. Protocorm treated
with 0.5 mg/l 2,4-D and 2 mg/l kinetin
resulted in highest growth of PLBs which
significantly difference from other
treatments and control (Table 2). The
highest shoot number per protocorm was
2.50 ± 0.73, with 2.46 ± 0.48 cm shoot
length. Root number per protocorm was
2.50 ± 0.33, root length was 2.30 ± 0.40

cm, leaf number per protocorm was 4.13 ±
0.79, while fresh weight was 0.93 ± 0.09 g
and dry weight was 0.50 ± 0.10 g (Figure
3). The lowest growth rate was observed
at maximum concentrations of 2,4-D and
kinetin (1.5 mg/l 2,4-D and 2 mg/l kinetin).
Protocorms supplemented with 1 mg/l and
1.5 mg/l of 2,4-D only showed enlargement
without producing shoots (Figure 4).
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2
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0 0.5 1.0 1.5 0 0.5 1.0 1.5 0 0.5 1.0 1.5 2,4-D (mg/l)
0
1
2
Kin (mg/l)

0 0.5 1.0 1.5 0 0.5
1.0 1.5 0 0.5
1.0 1.5
2,4-D (mg/l)
0 0.5 1.0weight
1.5 0 0.5 1.0
1.5 and
0 0.5 dry
1.0 1.5
2,4-D (mg/l)(B) of C. aloifolium
Figure 3. Fresh
(A),
weight
plantlets
after
various
0

1

2

0

Kin (mg/l)

1

2

Kin (mg/l)

concentrations of 2,4-D and kinetin treatments. Data are shown as mean ± SE.

Figure 3. Fresh weight (A), and dry weight (B) of C. aloifolium plantlets after various concentrations
of 2,4-D and kinetin treatments. Data are shown as mean ± SE.

Figure 3. Fresh weight (A), and dry weight (B) of C. aloifolium plantlets after various
0

0.5

1

1.5 mg/l 2,4-D

concentrations of 2,4-D and kinetin treatments. Data are shown as mean ± SE.
0

0

0.5

1

1.5 mg/l 2,4-D

0

1
1

2
mg/l
Kinetin

2
mg/l

Kinetin

Figure 4. Plantlets of C. aloifolium derived from protocorms after 2,4-D
and kinetin treatment. (scale=1 cm).

Figure 4. Plantlets of C. aloifolium derived from protocorms after 2,4-D
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4. Discussion
and
Conclusion
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carbohydrates commonly used in plant
tissue culture (Sopalun et al., 2010). Novotna
et al. (2007) discovered that adding glucose
and sucrose to Dactylorhiza majalis improved
protocorm, shoot, and root growth rates.
However, both glucose and sucrose improved
protocorm growth, depending on species.
Glucose was effective in producing PLBs
in some species such as Phalaenopsis sp.
(Pimsen & Kanchanapoom, 2011),
while sucrose resulted in the highest
enhancement of PLBs development in
Dendrobium Second Love (Orchidaceae)
(Ferreira et al., 2011). The impact of glucose
and sucrose on plantlets are different
depending on the species. Different
carbohydrate sources result in different
impacts on shoot growth and development
(Luo et al., 2009).
Sucrose was found to be appropriate
for shoot and leaf growth, while glucose
was found to be appropriate for root and
weight development in this study. Sucrose
produced a large number of shoots and a
long shoot length, while glucose produced a
large number of root and root length. When
compared to glucose, sucrose resulted in a
greater shoot number and length. In line with
these results, Swamy et al. (2010) revealed
that addition of 2% sucrose yielded longer
shoots and higher shoot number compared
to glucose and fructose on Pogostemon
cablin Benth. A better impact of sucrose
was also shown by Luo et al. (2009). They
revealed that glucose produced lower
shoot number than sucrose on Dendrobium
huoshanense. Sucrose is considered as an
optimal carbon source, and commonly used
because of its effectiveness in inducing
shoots (Al-Khateeb, 2008). In this study,
high leaf number was yielded from glucose
and sucrose at the same concentration (20
g/l) but sucrose showed higher leaf number

Science Technology and Engineering Journal (STEJ)

than glucose. High growth using sucrose
was also reported by Zahara et al. (2017).
They found that 20 g/l sucrose was
optimal in improving leaf number, width and
length, and plant height on Phalaenopsis
sp. Sucrose is recognized as the foremost
carbon energy supplier because it is found
in phloem and involved in developmental
process regulation (Huh et al., 2016).
Similarly, in sago palm plant, Sumaryono
et al. (2012) showed that sucrose at 30 g/l
was better than other carbohydrate sources,
and produced highest plantlet size and leaf
number of Metroxylon sagu.
Glucose, as another carbohydrate
source, also has a great impact on plant
growth through in vitro propagation (Swamy
et al., 2010). Based on this study, glucose
created high root growth at 35 g/l compared
to sucrose at 40 g/l, while highest root number
and length were obtained from glucose.
Similarly, Junior et al. (2018) reported that
among glucose, fructose and sucrose, higher
root number and root length of Cattleya
schilleriana Reichb.f. were produced by
glucose but at a different concentration (45
g/l). In this study, both glucose and sucrose
produced highest plant weight at the same
concentration of 35 g/l but glucose gave
higher dry and fresh weight than sucrose.
This outcome agreed with Nambiar et al.
(2012) who supplemented the medium
with 2% glucose, fructose and sucrose in
Dendrobium Alya Pink. Results showed
that glucose created highest fresh weight.
Experiments by Al-Khateeb (2008) also
found similar results, with glucose
generating higher dry weight than sucrose
on date palm (Phoenix dactylifera L.).
Experiments on potato plant (Solanum
tuberosum L.) by Rahman et al. (2010)
revealed that glucose treatment achieved
higher fresh weight than maltose and
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sucrose. Generally, sucrose is widely used
in plant tissue culture because it has high
solubility in water and can easily pass
plasma membrane (Sumaryono et al., 2012).
This study showed that both glucose and
sucrose play important roles in enhancing
protocorm development. Rahman et al.
(2010) indicated that carbohydrate sources
such as glucose, sucrose and fructose have
a prominent role as energy providers for
cell division, and also as osmotic agents
and stress regulators that may relate to
plant morphology. However, different types
of sugars play diverse roles in regulating
physiological processes (Lastdrager et
al., 2014). However, various types of
carbohydrates, concentrations, and plant
species can have different reactions.
Regeneration of PLBs in many
orchid species through in vitro multiplication
also requires a supply of hormones such
as auxins and/or cytokinins (Parthibhan et
al., 2015). Cytokinin hormones have been
reported as the most prominent factors in
improving plant regeneration, for example,
triacontanol in D. nobile and zeatin riboside
in C. aloifolium (Luo et al., 2009). In
Dendrobium sp. micropropagation, cytokinins
are widely used to stimulate shoot
development of PLBs. Kinetin actively induces
the mobilization of necessary nutrients from
source area to sink as a supporting element
to enlarge shoot and root size (Asghar
et al., 2011). In this study, optimal
concentration producing high protocorm
growth was 0.5 mg/l 2,4-D and 2 mg/l kinetin.
These results concurred with Hossain et al.
(2010) who demonstrated that a combination
of 2,4-D and kinetin at 1 mg/l produced high
protocorm multiplication on C. giganteum
Wall. ex Lindl. Similarly, Liu et al. (2018)
showed that supplementation of 2,4-D on
Rosa hybrida L. generated long and high
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numbers of explants. Prasertsirivatna and
Koolpluksee (2011) revealed that addition
of 2,4-D to D. friedericksianum Rchb.f.
produced slightly better results in terms
of root number, shoot height, and fresh
weight, but not in terms of root length or
shoot number. Luo et al. (2009) reported
that the highest shoot formation of D.
huoshanense was created from kinetin
(20 µM) treatment. Similarly, Parthibhan
et al. (2015) stated that kinetin at 5 mg/l
produced higher shoot size and number
compared to 6-benzylaminopurine (BA)
on D. aqueum Lindley. 2,4-D and kinetin
promoted plant improvement either alone
or in combination. The efficacy of 2,4-D
and kinetin treatment varies by species, and
results are dependent on concentration ;
however, both of these hormones are equally
essential for protocorm growth induction.
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