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Dendrobium pulchellum is a resident orchid that is in Dendrobium genus and ORCHIDACEAE classified
in subfamily. There can be weather-resistant and growing commercially for improved breeding. But
nowadays, orchids are reduced in number and risk of extinction. The purpose of research project to effects
of various of kinds and concentrations of polyamine (spermidine, spermine and putrescine) on plant
growth and regeneration of D. pulchellum. Protocorm-like bodies (plbs; full-plbs and half-plbs) were
cultured on Murashige and Skoog (MS) medium supplemented with kinds (spermidine, spermine and
putrescine) and various concentrations (0, 0.2, 0.4, 0.8 and 1 mM) of polyamine. 3% sucrose was added
to all culture media, after that, 0.8% agar was added to solidify it. The cultures were kept at 25 2 °Cin a
light setting. Half-plbs cultured on MS medium with 0.4 mM spermidine had the best survival rate of
93.33 % after a month of culture. While full-plbs were cultured on 1 mM spermidine gave the highest
survival rate at 83.33%. For effect of various of kinds and concentrations of polyamine on plbs
proliferations, the result found that half-plbs were cultured on MS medium added with 1 mM spermidine
gave the highest plbs induction (80 %), average number of plbs (4.11 plbs/explant) and shoot induction
(1 shoot/explant) when compared with other treatments after 3 months of culture. Full-plbs were cultured
on 1 mM spermidine gave the highest shoot formation (1.67 shoots/explant), average plant height (1.31
cm.) and average number of leaves (3.63 leaves/explant), significant difference (p< 0.05). Plbs were
grown on MS and Y2 MS media supplemented with or without 8% agar and 0.2% phytagel obtained from
plbs proliferation. After culturing for 3 months, MS medium supplanted with 0.2 % phytagel gave the
highest average fresh weight at 351.76 mg and average number of shoot at 27.50 shoots/explant,
significant difference (p<0.05). For root induction, The maximum root induction was achieved using MS
medium added with 0.2% activated charcoal (100%) gave the highest root induction (100%), average
number of root (7.13 roots/explant), average root length (5.07 cm) and average plant height (5.07 cm.)
when compared with other treatments. Complete plantlets were successfully acclimatised to the
greenhouse environmental. Plantlets potted in survival rate of 100% after 1 month of transfer. Moreover,
after transferred complete plantlets to acclimatise in spathe, charcoal smash and spathe: charcoal (1:1)
gave the highest survival rate at 100% while plastic pot gave survival rate at 9o for 1 month.

Keywords: plant regeneration; protocorm-like body; polyamine

I. INTRODUCTION beautiful flowers, grow well and are in demand by the market
(Talukder et al., 2003). Dendrobium pulchellum Roxb.ex

Dendrobium is a genus with about 1100 species. It can be = . .

Lindl is in the sub-genus ORCHIDACEAE and is an orchid in
found all across the world and is frequently farme (Puchooa, . .

the genus Dendrobium. D. pulchellum can be easily grown
2004). It is the most popular orchid all over the world, also in . L .

and have beautiful flowers. It is suitable for constructing a pot
Bangladesh. Different characteristics of dendrobium such as )

for a potted orchid. Nowadays found that D. pulchellum has
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been reduced. It is usually propagated vegetatively, which is
a laborious and time-consuming process. Normally there are
a lot of orchid seeds in the orchid pods. It contained naked
embryos around 80-100 cells without endosperm. However,
orchid seeds have very little ability to naturally germinate
because the seeds do not receive sufficient moisture or receive
other inappropriate environments such as too high or low
temperatures. Including the seeds there is very little food
accumulating inside not enough for seed germination.
Therefore, tissue culture is one technique that is currently
popular to use to help quickly grow a lot of plants. Important
factors affecting plant tissue culture include culture media,
plant hormones and characteristic of protocorms have been
necessary. Successful plant tissue culture technique can be
cultured from nodal segment in D.sonia-28 (Advina et al.,
2014), shoot tip in Dendrobium fimbriatum Lindl. (Roy &
Banerjee, 2003), seed in Dendrobium peguanum Lindl
(Sagaya et al., 2015). For plant tissue culture, there are still
other additives that can be used in a variety of tissue cultures.
To induce plants to meet their objectives and needs, such as
organic polyamine groups and have the ability to induce
plants such as spermidine, spermine and putrescine.
Polyamine (PA) is an organic substance that has two or more
groups of amines. Polyamines are engaged in the phenomena
because they are involved in both plant cell ageing and
differentiation (Kaur-Sawhney et al., 1982). Recent research,
on the other hand, reveal that PA plays a function in the
differentiating of many in vitro dicot plant embryos,
specifically carrot somatic embryos (Montaguec, 1978) and
tobacco tissue cultures in thin layer, as well as the
differentiation between vegetative and floral buds (Flores &
Protacio, 1990; Kaur-Sawhney et. al., 1988; Tiburcio et. al.,
1987; Torrigiani et al., 1987) and roots (Tiburcio et al., 1989).
Polyamine was shown to be responsible for the transmission
of hormone actions in plant cells. This molecule functions as
a second messenger in cell division, interacting with plant
development regulators (Zaliyatun et al., 2015). However,
research on the cultivation of D. pulchellum is still rare. The
researcher is interested and studied about the enhancement
of the development of a new plant of D. pulchellum with
polyamine. In order to increase the number of orchids. It is
also a conservation and preservation of extinction in sterile

conditions.

II. MATERIALS AND METHOD

A. Plant Material

Six-month-old green pod of D. pulchellum was clean
thoroughly under tap water. After that they were placed on a
sterile petridish and were cut longitudinally with sterilised
surgical blade. The yellowish seeds powdery were cultured on

MS medium-free added 0.8% agar.

B. Effects of Type and Difference Concentration of
Polyamines on PLBS Proliferation

Full half-plbs characteristic were studied. For half-plbs, a
sterile surgical blade was used to cut them longitudinally. Full
and half-plbs were cultured on MS medium added different
concentrations (0, 0.2, 0.4, 0.6, 0.8 and 1 mM) of sperimidine,
spermine and putrescine and added 3% sucrose.

With 0.1 N HCI (hydrochloric acid)or KOH (potassium
hydroxide), The culture medium's pH was increased to 5.7.
Before adding 0.75%, autoclave at 1.05 kgem2 for 15 minutes
at 121°C. The culture was kept at 252°C for 14 hours under
fluorescent lamps with a 12.5 mol/m2/s photoperiod. Plbs
induction (% ), no. of plbs (plbs/explant), no. of shoots
(shoots/explant), shoot induction (%), height (cm. ), and no.
of leaves (leaves/plant) were all measured after one month of

culture.

C. Effect of Culture Media on Shoot Induction

Plbs (250 mg of fresh weight) derived from plbs proliferation
were grown on different strength MS media [MS and 12 MS]
supplemented with 0.8% agar or 0.2% phytagel and 3%
sucrose. The culture condition was the same condition as the
previous experiment. After cultured for 1 month, fresh weight

(mg.) and no. of shoot (shoots/explant) were recorded.

D. Effect of Culture Media on Root Induction

Shoot explants (2-3 cm shoot length) generated from plbs
proliferation were cultivated on MS media with and without
0.2 percent activated charcoal (AC), 3 percent sucrose, and
0.75 percent agar [MS and 12 MS]. The cultures were
incubated at 25+2°C for 14 hours and then exposed to light.
After a month of culture, the height (cm), root induction (%),
number of roots (roots/plant), and root length were

measured (cm.).
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E. Effect of Various Types of Growing Media on Plant
Growth and Development of D. pulchellum

Complete plantlets (3-4 cm. height) were successfully
acclimatised to the greenhouse environmental. Plantlets
potted in different potting growing media (plastic pot, spathe,
charcoal smash and spathe: charcoal (1:1)). After 1 month of

culture, the frequency of survival rate (%).

F. Data Analysis

A completely randomise design (CRD) was used to
statistically analyze the data, and the Duncan's multiple rang
test was used to distinguish the means between the

treatments (DMRT).

III. RESULT AND DISCUSSION

A. Effects of Type and Difference Concentration of
Polyamines on PLBS Proliferation

The effects of varying polyamine concentrations on various
factors were investigated.cFull-plbs and half-plbs cultured on
MS medium containing different concentrations (0, 0.2, 0.4,
0.6, 0.8 and 1 mM) of sperimidine, spermine and putrescine,
3% sucrose. MS medium mixed with 1 mM spermidine was
used to develop half-plbs, according to the results, gave the
best plbs induction at 80% and no. of protocorm-like bodies
at 4.11 plbs/explant (Table 1) The character of the protocorm
is round. Green clumps together in large numbers and found
that small shoots occur (Figure 1). Full-plbs were grown in
MS media containing 1 mM spermidine gave the highest of
shoot induction (80%), no. of shoot (1.67shoots/explant),
height (1.31cm.) and no. of leaves (3.63 leaves/plant) (Table
2). The characteristics of the shoots and leaves were found, as
shown in Figure 2. Polyamines in varied concentrations were
applied to full-plbs and half-plbs. Concentration of
spermidine is effective in increasing plbs induction, no. of
plbs, shoot induction, no. of shoot, height and no. of leaves
compared to other polyamines. Kumar and Palni (2013)
discovered that high concentrations of spermidine and

spermine in Gladiolus hybrid culture media without plant

growth regulator led to cormlet development. Furthermore,
Ovono et al. (2010) found that the presence of exogenous
putrescine improved the growth of endogenous auxin and
Dioscorea  cayanensis—Dioscorea rotundata complex
contains putrescine. Therefore, it results in an increase in the
number of protocorms light bodies when plants absorb and
obtain the right amount. Resulting in development and
growth there is an increase in the number and also affects the
induction of plants to grow. For example, spring wheat
polyamine and sugar production could be stimulated and
stressed by PEG treatment. (Grzesiak et al., 2013). Spermine
is a tetramine. Spermidine is a triamine while putrescine is a
diamine. The hydrophobic interaction is caused by the
methylene group. As a result, the plbs may not absorb
exogenous putrescine as well as other polyamines. Putrescine
may accumulate in cultured media, generating stress as a
result of its toxicity at certain concentrations. (Takao &

Miyakawa, 2006).
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Table 1. Effect of types and difference concentrations of polyamines on proliferation of plbs obtaining from half-plbs explant

for 3 months of culture

Type of Concentrations Protocorm-like  No. of protocorm- No. of shoot
polyamines (mM) bodies like bodies (shoot/explant)
(induction) (plbs/explant)
0 o 65 2.76 0
spermidine 0.20 46.66 2.58cdV
0.40 61.66 3.19d 0
0.80 68.33 3.07bc
1 8o 4.11a 1
spermine 0.20 43.33 3.39b o]
0.40 53.33 3.03bc 0
0.80 50 3.37b 0
1 60 3.41b o)
putrescine 0.20 53.33 3.09bc o)
0.40 61.66 3.06bc 0
0.80 63.33 3.09bc
1 68.33 3.32b
F-test ns * ns
C.V. (%) 56.63 3.15 1.00

1/Different letters indicate significant difference at p < 0.05 (DMRT)
ns : non significant difference
* . significant difference at p < 0.05

Figure 1. Plbs proliferation of Dendrobium pulchellum

A MS-free

C 0.40 mM spermidine
E 1.00 mM spermidine
G 0.40 mM spermines
I 1.00 mM spermines
K 0.40 mM putrescine

M 1.00 mM putrescine

B 0.20 mM spermidine
D 0.80 mM spermidine
F 0.20 mM spermines
H 0.80 mM spermines
J 0.20 mM putrescine

L 0.80 mM putrescine

produced from half-plbs explants was grown for three
months on MS medium with various types and

concentrations of polyamines. (bar = 0.5 cm.)
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Table 2. Effect of types and difference concentrations of polyamines on plbs proliferation obtaining from full-plbs explant

for 3 months of culture

Type of polyamines Concentrations Shoot No. of shoot Height No. of leaves
(mM) induction (shoot/ (cm.) (leaves/
(%) explant) plant)
Control o) 61.66 1.20abc 1.07abc 3.60
Spermidine 0.20 61.66 1.20abc 1.19ab 3.56
0.40 63.33 0.86¢ 1.07abc 2.80
0.80 76.66 1.33abc 1.08abc 3.60
1 80.00 1.67a 1.31a 3.63
spermine 0.20 53.33 1.10abc 0.81bc 2.46
0.40 50.00 1.16abc 0.99bc 3.53
0.80 53.33 1.33abc 1.02abc 3.10
1 63.33 1.50ab 1.00abc 3.36
putrescine 0.20 43.33 1.03abc 0.74¢ 3.16
0.40 50.00 1.43bc 0.68¢ 3.36
0.80 60.00 1.30abc 0.88ab 3.26
1 61.33 1.36abc 0.95abc 3.53
F-test ns * * *
CV%. 58.63 1.20 1.12 3.51
A MS-free B 0.20 mM spermidine
C 0.40 mM spermidine D 0.80 mM spermidine
E 1.00 mM spermidine F 0.20 mM spermines
G 0.40 mM spermines ~ H 0.80 mM spermines
I 1.00 mM spermines J 0.20 mM putrescine
K 0.40 mM putrescine L 0.80 mM putrescine

Figure 2. Plbs proliferation of Dendrobium pulchellum
derived from full-plbs explant were cultured on MS medium
added type and difference concentration of polyamine for 3

months of culture (bar = 0.5 cm)

M 1.00 mM putrescine

B. Effect of Culture Media on Shoot Induction

When different culture media were investigated of D.
pulchellum, plbs were placed on MS medium added with
0.2% phytagel gave the highest fresh weight (351.76 mg.) and

no. of shoot (22 .76 shoots/explant), significant difference

with the other treatments (Table 3). Figure 3 depicts the
features of shoot development after 3 months of culture. On
the D. sonai 5 orchid, a similar effect was obtained by halving
the MS media concentration, which resulted in a considerable
rise in plbs production within 4 weeks (Zhang et al., 1993).
MS medium with a high ionic concentration of nutritional
salts at full strength was reported by Zhang et al. (1993).
Plants' physical or biochemical reactions to water stress are

altered when agar is added to culture media (Ibrahim et al.,
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2005). Hyperhydricity is a condition that occurs when a plant
has an abundance of water and nutrients.(Senaratna, 1992).
In addition, the gelling agent in semisolid media give matrix
of spreading phenolic compound which is toxic and released
by stressed plant tissue (Cervelli & Senaratna, 1995; Faria et

al., 2002).

Table 3. Effect of culture media on plbs proliferation of D.

pulchellum after 1 month of culture

Fresh No. of shoot
Culture media weight(mg.) (shoots/explant)

MS +0.8 % agar 266.07b 15.56¢
/2 MS +0.8 % agar 264.33b 17.53bc
MS +0.2 % 351.76a 22.76a
phytagel
1o MS +0.2 % 278.40ab 27.50b
phytagel

F-test * *

c.v%. 2.88 8.1

Figure 3. Characteristics of plbs proliferation and shoot
induction of D. pulchellum were cultured on different

culture media (bar = 0.5 cm.)

A. MS+0.8% agar

B. /2 MS+0.8% agar
C.MS +0.2 % phytagel

D. Y2 MS +0.2 % phytagel

C. Effect of Culture Media on Root Induction

Shoot explant (2-3 cm. shoot length) were thorough cultured
on MS and Y2 MS added with and without 0.2% AC and 3%
sucrose. The result found that MS medium supplemented
with 0.2% AC gave the highest root induction (100%), no. of
roots (7.13 roots/plant) and root lenght (5.07 cm.), significant
difference with the other treatments (Table 4, Figure 4). D.
lindleyi were cultivated on nutrition media stimulation
supplemented with 0.2% AC provided the greatest results,
similar to Satinder et al. (1997) [25]. In vitro, Cattleya
walkeriana grew best with 2 g/1 AC, according to Faria et al.
(2002). AC-supplemented culture media appeared to trigger
root induction more effectively than culture medium without
AC. The inhibitory phenolic and carboxylic chemicals
produced by cultured tissues may be able to be absorbed by
AC (Ravishankar and George, 1997). Several authors have
reported that AC was added to nutrient media because of its
effective benefits and phenolic complex absorption (Caldas et
al., 1990); root stimulator (Kim and Lee, 1992); (Choi &
Chung, 1989), rhizome growth (Fridborg & Erikkson, 1978);

(Waes, and toxic

1987);

substance absorption in media (Satinder et al., 1997). Waes

development improvement
(1987) used in order to improve the development of cells in
vitro, AC triggered plantlet 18 species of native European

orchids are being developed. in vitro with 0.02% -0.03 % AC.

Table 4. Effect of culture media on root induction of D. pulchellum after 1 month of culture

Culture media Height (cm.) Root induction No. of roots (roots/plant) Root lenght
(%) (cm.)
MS-free 4.70b"/ 100 4.40b 4.71
MS+0.2 %activated 5.07a 100 7.13a 5.17
charcoal
1> MS-free 4.89b 90 4.50a 4.95
Y2 MS+0.2% 4.30C 95 4.53a 4.58
activated charcoal
F-test * ns * ns
C.V%. 4.56 98.95 5.61 4.61
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Figure 4. Characteristics of root formation of D.
pulchellum were cultured on different culture media (bar =
0.5 cm.)

A. MS -free
B. MS+o0.2 %activated charcoal
C. /2 MS-free

D. Y2 MS +0.2 %activated charcoal

D. Effect of Various Types of Growing Media on Plant
Growth and Development of D. pulchellum

Complete plantlets (3-4 cm. height) were successfully
acclimatised to the greenhouse environmental. Plantlets
potted in survival rate of 100% after 1 month of transfer.
Moreover, after transferred complete plantlets to acclimatise
in spathe, charcoal smash and spathe : charcoal (1:1) gave the
highest survival rate at 100% while plastic pot gave survival
rate at 9o for 1 month (Figure 5 and 6). This result found that
complete plantlets were potted in with growing media (spathe,
charcoal smash and spathe : charcoal (1:1)) gave survival rate
better than plastic pot (without growing media). Therefore,
the properties of the growing medium affect the plant growth.
For spathe, it can show bluish points or areas (Winston, 2017).
Charcoal smash is added to growing media mix to filter
impurities. Charcoal can be an ideal growing medium for
epiphytic and other plants that require airflow around
their roots or that soak up moisture and micronutrients from

the ambient air to sustain themselves.

100 100 100 100

Survial rale (%)
=

Types of growing media

Figure 5. Percentage of survival rate of D. pulchellum in

different growing media for 1 month

Figure 6. Complete plantlets of D. pulchellum to

acclimatise in different growing media for 1 month

A. Plastic pot B. Spathe

C. Charcoal smash D. Spathe : charcoal (1:1)

IV. CONCLUSION

Half-plbs cultured on MS medium with 1 mM spermidine
produced the highest percentage of protocorm-like bodies
bodies (4.11
plbs/explant). Shoot induction (80%), number of shoots

(80%) and number of protocorm-like
(1.67shoots/explant), height (1.31cm), and number of leaves
(3.63 leaves/plant) were all highest in full-plbs 1 mM
spermidine was added to MS medium during culture. Plbs
were grown in MS medium containing 0.2% phytagel gave the
highest fresh weight (351.76 mg.) and no. of shoot (22.76
shoots/explant). For root formation, 0.2% activated charcoal
was added to MS medium gave the highest root induction
(100%), no. of roots (77.13 roots/plant) and root length (5.07
cm.), significant difference with the other treatments.
Complete plantlets to acclimatise in spathe, charcoal smash
and spathe : charcoal (1:1) gave the highest survival rate at

100% while plastic pot gave survival rate at 9o for 1 month.

131



ASM Science Journal, Volume 16, Special Issue 1, 2021 for SCCEMATHIC2019

V.ACKNOWLEDGEMENT

The author grateful to thanks plant genetic conservation

project under The Royal initiative of Her Royal Highness

VI. REFERENCES

Maha Chakri Sirindhorn, Nakhon Si Thammarat Rajabhat

University for finance support research.

Advina, LJ, Jasim, U & Sreeramanan, S 2014, ’Efficient
micropropagation of Dendrobium sonia-28 for rapid PLBs
proliferation’, Journal of Food Agric, vol. 26, pp. 545-551.

Caldas, LS, Haridasan, P & Ferreira, EM 1990, Meios
Nutritivos. In: Torres, AC and Caldas, LS Técnicas e
Aplicacdes de Culturas de Tecidos de Plantas, Brasilia,
ABCTP.

Cervelli, R & Senaratna, T 1995, Economic aspects of somatic
embryogenesis in Automation and Environmental Control
in Plant Tissue Culture (eds. J. Aitken-Christie, T. Kozai and
M.A.L. Smith) Kluwer Academic, Dordrecht, pp. 29-64.

Choi, SO & Chung, JD 1989, ‘Effects of media on

multiplication of rhizomes and growth of seedlings through
assymbiotic seed germination of oriental Cymbidium’,
Journal of the Korean Society for Horticultural Science, vol.
30, pp. 294-302.

Faria, RT, Santiago, DC, Saridakis, DP, Albino, UB & Aratjo,
R 2002, ‘Preservation of the Brazilian orchid Cattleya
walkeriana Gardner using in vitro propagation’, Crop
Breeding and Applied Biotechnology, vol. 2, pp. 485-488.

Flores, H & Protacio, C 1990, ‘Polyamine metabolism in plant
cell and organ culture’, in Polyamines and ethylene:
Biochemistry, Physiology and Interaction, (eds. H.E. Flores,
R.N. Arteca and J.L. Shanon). Pennsylvania: American
Society of Plant Physiologists.

Fridborg, G & Eriksson, T 1978, ‘Effects of actived charcoal on
growth and morphogenesis in cells cultures. Uppsala,
Sweden’, Phisiology Plantarum, vol. 34, pp. 306-308.

George, PS & Ravishankar, GA 1997, ‘In vitro multiplication
of Vanilla planifolia using axillaries bud explants’, Plant Cell
Reports, vol. 16, pp. 490-494.

Gopal, J, Iwama, K & Jitsuyama, Y 2008, ‘Effect of water
stress mediated through agar on in vitro growth of potato’,
In Vitro Cell. Dev. Biol.-Plant, vol. 44, pp. 221-228.

Grzesiak, M, Filek, M, Barbasz, A, Kreczmer, B & Hartikainen,
H 2013, ‘Relationships between polyamines, ethylene,
osmoprotectants and antioxidant enzymes activities in
wheat seedlings after short-term PEG- and NaCl-induced
stresses’, Plant Growth Regul, vol. 69, pp. 177—-189.

Ibrahim, KM, Kazal, MA & Rasheed, KI 2005, ‘Alternative

gelling agents for potato tissue culture applications’,
Majalah Allstitsmary Al-Zara’y, vol. 3, pp. 80-83.
Kaur-Sawhney, R, Liu-Mel, S, Hector, E & Arthur, W 1982,
‘Relation of Polyamine Synthesis and Titer to Aging and
Senescence in Oat Leaves’, Plant Physiol, vol. 69, pp. 405-
410.
R, Tiburcio, AF & Galston,

1988, ’Polyamine biosynthesis during vegetative and floral

Kaur-Sawhney, AW
bud differentiation in thin layer tobacco tissue cultures’,
Plant Cell Physiol, vol. 29, pp. 1241-1249.

Kim, JY & Lee, JS 1992, ‘Effect of cultural conditions on
rhizome growth and organogenesis of Cimbidium
lancifolium native Korea in vitro’, Journal of the Korean
Society for Horticultural Science, vol. 33, pp. 471-476.

Kumar, A & Palni, LMS 2013, ‘Changes in endogenous
polyamines during in vitro cormlet formation in Gladiolus
hybridus Hort’, Sci Hortic-Amsterdam, vol. 162, pp. 260—
264.

Montaguec, J, Koppenbrink, W & Jaworski, G 1978, 'Polyame
Metabolism in embryogenic cells of Daucus carota’, Plant
Physiol, vol. 62, pp. 430-433.

Ovono, PO, Kevers, C & Dommes, J 2010, ‘Tuber formation
and development of Dioscorea cayenensis—Dioscorea
rotundata complex in vitro effect of polyamines’, In Vitro
Cell Dev-Pl, vol. 46, pp. 81—-88.

Pan, MJ & Staden, JV 1998, ‘The use of charcoal in vitro
culture — A review’, Plant Growth Regulation, vol. 26, pp.
155-163.

Puchooa, D 2004, ‘Comparison of different culture media for
the in vitro culture of Dendrobium(Orchidaceae)’,
International Journal of Agriculture & Biology, vol. 6, pp.
884-888.

Roy, J & Banerjee, N 2003, 'Induction of callus and plant
regeneration from shoot-tip explants of Dendrobium
fimbriatum Lindl. var. oculatum Hk. F’, Sci. Hort, vol. 97,
Pp- 333-340.

Sagaya, SR, Mary, B & Divakar, KM 2015, ‘In vitro
micropropagation of dendrobium peguanum lindl.-the
smallest orchid of western ghats of Karnataka’, Journal of

Science, Engineering and Technology, vol. 4, pp. 3460-

132



ASM Science Journal, Volume 16, Special Issue 1, 2021 for SCCEMATHIC2019

3464.

Satinder, K, Sarma, C & MC, Kaur, S 1997, ’Selection of best
medium for in vitro propagation of Dendrobium lindleyi
Steud’, Advances in Plant Sciences, vol. 10, pp. 1-5.

Senaratna, T 1992, ‘Artificial seeds’, Biotech. Adv, vol. 10, pp.
379-392.

Swarna Piria, R, Rajmohan, K & Suresh, S 2008, ‘In vitro
production of protocorms and protocorm like bodies in
orchids A review’, Agr Rev, vol. 29, pp. 40—47.

Takao, K & Miyakawa, T 2006, ‘Light/dark transition test for
mice’, Journal of Visualized Experiments: JoVE.

Talukder, MAH, Mannaf, MA, Alam, MK, Salam, MA & Amin,

MMU 2003, ‘Influence of sowing time, plant spacing and

picking interval on the growth and yield of okra. Pak’,
Journal of Biol, Sci 6, pp. 1626-1630.

Tiburcio, AF, Kaur-Sawhney, R & Galston, AW
1987, 'Regulation by polyamines of plant tissue culture
development’, in Advances in the Chemical Manipulation of
Plant Tissue Culture, Jackson MB, Mantell SH, Blake J
(eds), Monograph No 16, British Plant Growth Regulator
Group, pp. 43-56.

Tiburcio, AF, Gendy, C & Tran Thanh Van, K
1989, ’'Morphogenesis in tobacco subepidermal cell:
putrescine as marker of root differentiation’, Plant Cell Tiss.
Org. Cult, vol. 19, pp. 43-54.

Tombolato, AFC, Rivas, EB, Coutinho, LN, Bermann, EC,
Imenes, SDL, Furlani, PR, Castro, CEF, Matthes, LAF, Saes,
LA, Costa, AMM, Diastagllacozzo, GM & Leme, JM 2002, O
cultivo de antdrio: producdo comercial. Campinas:
Instituto Agronoémico, pp. 47.

Torrigiani, P, Altamura, M, Pasqua, G, Monacelli, B, Serafini-
Fracassini, D & Bagni, N 1987, ‘Free and conjugated
polyamines during de novo floral and vegetative bud
formation in thin cell layers of tobacco’, Physiol Plant, vol.
70, PP. 453-460.

Waes, JV 1987, ‘Effect of activated charcoal on in vitro
propagation of western european orchids’, Acta Hort, vol.
212, pp.- 131-138.

Winston, DC 2017, How to Grow a Plant in Charcoal
available online,
<https://www.gardenguides.com/21.2017>.

Zaliyatun, A, Maziah, M & Noor Azmi, S 2015, ‘Effects of
benzyladenine purine and its interaction with polyamines
on growth of Spathoglottis plicata PLBs’, Journal of Botany,
vol. 39, pp. 245-252.

Zhang, D, Jennings, SM, Robinson, GW & Poulter, CD

1993, ‘Yeast squalene synthase: expression, purification,

133

and characterization of soluble recombinant enzyme’, Arch

Biochem Biophys, vol. 304, no. 1, pp. 133-143.


https://www.gardenguides.com/

