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ABSTRACT

Teak is a very high values and demanded timber plant. It is versatile in nature and
longer in durability. Teak is used in making furniture based items, sculptures, etc. Due
to higher demand this plant is needed more in quantity, but its low germination
potential and slow growth made it limited in supply. We, therefore, have developed a
fast growing tissue culture based approach using mature seed, nodal and intermodal
explants. In vitro tissue culture clones were developed from embryos, nodes, and
internodes with different concentrations of plant growth regulators. Seed coat softening
by 1N KOH (Potassium hydroxide) and phenolic extract removal using ascorbic acid
and citric acid before inoculation was implemented as accelerating measures for
explants preparation for this hard wood species. The callus formation from seed
embryo and nodes were observed at the concentration of 8.88 uM and 13.32 uM BAP
(Benzyl aminopurine), respectively. The shoot of upto 4 cm were also developed from
embryo and callus at 8.88 uM BAP and 11.10 uM BAP + 0.22uM IAA respectively.
High concentration of auxin was also found to promote callus formation. For
photochemical analysis, aqueous extract of leaves of Tectona grandis was analyzed
which indicates the presence of flavonoids, steroids, saponins, alkaloids, inulin and
reducing compounds. However, tannin, naphthoquinone, glycosides, phlabtomines
were found to be absent.
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Introduction other countries (Macias et al., 2008). Teak is

Teak (Tectona grandis) is a high quality and
one of the most valuable timbers in the world
(Vyas et al., 2019). Tectona grandis is a large
natural tree from Southeast Asia and grows
upto 50 m in height. During the second half
of the 19™ century, the increasing demand for
teak wood led to the implantation of the
agroforestry system for teak in Indonesia and
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one of the most valuable timber in
international trade and an important species
for tropical forestry (Sousa et al., 2012).
Traditionally, this species is globally used to
relieve fever, diabetes, lipid disorders, ulcers,
inflammation,  bronchitis, cancer and
tuberculosis (Rajuri et al., 2010; Warrier,
P.S., 1994).In the Northern part of Cameroon,
leaves of teak are used for their laxative
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properties while in the Western Region; it is
used for the treatment of skin diseases. It is
locally known as teak, commonly known as
sagwan in Hindi and Saka in Sanskrit and
belongs to Verbenaceae family (Giri and
Varma, 2015). It is grown largely in India
(Madhya Pradesh and Kerala) and Burma
regions.

It is a slow growing hardwood tree, which
takes around 7-8 years for thinning and
around 15-20 years to get high quality of
timber (Dotaniya et al., 2013). The fruits of
tree are very hard each bearing 1-4 seeds
enclosed in thick, hairy exocarp with stony
endocarp of the fruit (Palanisamy et al.,
2009). It is, therefore, very difficult to grow
plants from seed in natural as well as
artificial environment, so, the fast growth
alternatives like tissue culture are always a
need for it. The micropropagation of woody
plants is often problematic because of
genotypic variation in the regeneration
responses and the process of aging. Shoot
cultures are commonly wused in the
micropropagation of economically important
woody plants (Skirvin 1986). Most of the
studies in tissue culture on Tectona grandis
were also done using nodal explants to obtain
faster results (Tiwari et al., 2002). The tissue
culture using explants such as nodes and
internodes from mature plants is still
problematic, because of its poor growth
response and higher phenolic exudations
(Kozgarand Shahzad, 2012). Teak is so rich
in phenolic and aromatic compounds that
under in vitro condition; it leaches out
secondary metabolites to the medium
resulting in browning of medium and
reduction in the nutrient transport. Previous
phytochemical investigation of Tectona
species have led to the isolation of
triterpenoids, flavonoids (Ragasa et al.,
2008a), chromomoric acid derivatives
(Ragasa et al., 2008b), anthraquinones
(Sumthong et al.,, 2006; Sumthong et al.,
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2008), naphthoquinones (Pradeep and Pahub
2004; Lacret et al., 2011), anthraquinone-
naphthoquinones (Lacret et al., 2011;
Aguinaldo et al., 1993), apocarotenoids
(Macias et al., 2008) and lignans (Lacret et
al., 2012). Some of these metabolites
particularly the quinines showed anti-
mycobacterial, antifungal and allopathic
activities (Lacret et al., 2011; Aguinaldo et
al., 1993; Pradeep and Pahub2004; Macias et
al., 2008). Due to its high timber properties
and other uses, it is important to propagate
and conserve its high quality germplasm
available at selected sites across world.

Materials and Methods

The present study was conducted at Helix
Biogenesis, Noida, to develop a standardized
protocol from mature tree. In this study we
have focused on softening of seed coat, pre-
extraction of phenolics and callus & shoot
development in context to reduce difficulties
in regeneration of hardwood teak plant. We
have used nodal, internodal and embryo
excised from mature  seeds  for
micropropagation of teak comprising anti-
oxidant treatment of the explants before
culturing into the medium.

Collection of plant material and media
preparation

Plant material used in the present study such
as mature seeds, twigs having nodes and
internodes were collected from 5-6 years old
teak plants located on the service lane near
the Yamuna Expressway, Greater Noida,
India. Cut ends of twigs were immediately
dipped in distilled water to avoid oxidation at
cut ends and to avoid drying of material
during transportation.

The MS (Murashige and Skoog, 1962)
medium was prepared by using stocks of 20X
macronutrients, 200X micronutrients and



Int.J.Curr.Microbiol.App.Sci (2020) Special Issue-11: 2108-2116

freshly prepared Fe-EDTA (10X) with 3%
sucrose; pH was adjusted to 5.8 and agar was
used at a final concentration of 1.5% (Kumar
and Loh, 2012, Gupta et al., 1980). MS
media was supplemented with various
concentrations / combinations of BAP (2.22
to 17.76 uM) and IAA (0.11 to 0.44 uM) for
growth initiation and culture establishment.
250 ml glass bottles having 60 ml media each
and autoclaved were used for culturing and
subculturing purpose.

Explants preparation and culturing

There were three kinds of explants used,
mature embryo dissected from seeds, nodes
and internodes. Seed coat softening and
phenolic removal was done before explants
sterilization.

Softening of seed coat and sterilization of
seeds

Mature seeds were soaked in 1 N KOH
solution and kept for 16 hours for softening
of the hard seed coat so that the seed embryo
can be recovered easily with the help of
nutcracker. After 16 hours of soaking, seeds
were removed from the KOH solution and
transferred to sterile double distilled water for
washing (repeated 3 times). Seeds were later
soaked in a 0.5% Tween-20 solution for two
minutes. After that, two cycle of wash was
given with ADW (autoclaved distilled water)
for two minutes. Seeds were then treated with
7:3 (ethanol: ADW); for three minutes
(repeated 3 times), followed by treatment
with mercuric chloride (1 g/l) for 5 min with
continuous shaking. Final washing was done
for three times with ADW for 3 minutes each.
Sterilized seed explants were cracked open
by nut cracker to remove seed coat and seed
embryos were carefully recovered to avoid
any damage to the embryo. Each embryo was
then inoculated in growth medium in
duplicates. These cultures were incubated in
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plant tissue culture room, having 25+2°C
temperature along with 16:8 hours light
cycle.

Phenolics removal and sterilization of
nodes and internodes

Healthy twigs collected from 5-6 year mature
tree were cut into the nodes & internodes and
were kept in 0.2% ascorbic acid and 0.2%
citric acid solutions for overnight to remove
the phenolic compound from the explants as
these phenolic compounds can prevent the
initiation or growth of explants in the
medium. The explants were than surface
sterilized with two cycle of distilled water for
5 minutes each, followed by washing in 0.5%
Tween-20 solution for 5 minutes. Explants
were then treated with ethanol: ADW (7:3) for
5 minutes; washed 3 times with ADW for
two minutes followed by treatment with
mercuric chloride (1g/l) for 5 minutes with
continuous shaking and washing with ADW
three times for 2 minutes each. Explants were
also treated with antifungal solution of
Keratenazole for 5 minutes, washed two
times with autoclaved double distilled water
for 2 minutes each. Explants were then
exposed to H,O,:ADW (1:1) for 5 minutes.
Finally, explants were washed thrice with
autoclaved double distilled water for 2
minutes each. All the surface sterilized nodes
and internodes were cut 2-3 mm from both
ends to expose the fresh meristematic cells.
Then, explants were inoculated in MS media
supplemented with various growth regulators.
The cultures were then kept in culture room
at 25+2°C. All the sample jars were incubated
at 16hrs.light :8 hrs.dark photoperiod.

Establishment of Cultures

Explants thus cultured started showing
growth approximately after 10-15 days from
inoculation. Those explants showing growth
were subcultured in similar medium for
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further growth and shoot or callus
development. Undesirable or brownish plant
parts were removed from the explants,
afterward; callus and germinating embryos
were transferred aseptically to the fresh
culture medium.

Phytochemical screening

The aqueous extract of mature leaves from 5-
6 year old teak plant were subjected for
phytochemical screening as per the methods
suggested by Eluyode and Alabi, 2007. Leaf
powder (0.1 g) was mixed with 10 ml of
water and boiled for 10 minutes. The boiled
samples were further filtered through
whatman filter and the filtered extract was
used for further analysis.

Results and Discussion

Seed coat and

germination

softening embryo

The first step in the explant preparation was
to remove seed coat, which was very hard
and could not be easily broken down. If it
was directly tried to break with nutcracker,
the embryo was certainly getting damaged
and even sometimes embryo was completely
crushed. We, therefore, used KOH for
treating seed coat for softening it. KOH
treated seeds were broken down easily by
nutcracker and mature embryos were
recovered without any damage. Figure- 1
showed the seed treatment, embryo removal
and inoculation. The germination of embryo
and regeneration of plantlets at different
hormonal concentration was studied. Plantlet
regeneration was observed to be maximum in
8.88 uM BAP concentration (alone) and 4.44
uM BAP + 0.22 uM TAA (in combination).
Different stages of growth of plantlet
regeneration from embryo are shown in
Figure- 2 and 3. Plantlets were subcultured at
21 days interval and grown for upto 60 days
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in  media before acclimatization. The
cotyledonary leaves and initial leaves of the
plant were sub-cultured for callus induction
and shoot development. The callus was

developed from embryo and leaves in
approximately 30-40 days (Figure 4).
Callus regeneration and shoot

development

The callus obtained from embryo and
cotyledonary  leaves was  subcultured
aseptically and further transferred to the
shoot and root development medium. The
shoot development was observed in MS
media supplemented with 11.10 uM BAP and
0.22 uM IAA concentrations (Figure 5),
which represents that higher concentration of

growth regulators is required for shoot
formation.
Tiwari et al., 2002, also found similar

observation with higher concentration of 22.2
uM BAP and 0.57 uM IAA for shoot
development from teak plants. The callus was
compact as observed during cutting, and it
took longer time to regenerate into shoots. It
took more than three months (110 days) for
shoot to develop (4 cm in length) from this
callus (Figure 5).

node and

Callus formation from

internodes

The ascorbic acid and citric acid treated
nodes and internodes were inoculated in the
medium and callus formation was observed.
The amount of callus was insignificant in the
nodes and internodes in comparison to the
callus developed from embryo and leaves. In
case of ascorbic acid treated explants callus
induction was observed after 30 days of
incubation. Release of phenolic components
in medium was also analyzed to study the
effect of ascorbic acid and citric acid
treatment.
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Table.1 Identification of compounds in Tectona grandisby phytochemical analysis

S. No. Compounds name Results
1. Alkaloids ++
2. Flavonoids ++
3. Glycosides -
4. Inulin ++
5. Naphthoquinone -
6. Phlabtomines +
7. Protein (by ninhydrin test) -
8. Reducing compounds +
9. Saponins ++
10. Starch -
11. Steroids +++
12. Tannin -

+++ Highly Positive, ++, Moderately Positive, + Less Positive, - Negative

Fig.1 Seed coat treatment, embryo removal and inoculated embryos

A

Overnightin 1IN KOH Aseptic recovery of embryo from seed and inoculation

Fig.2 Teak seed embryo development in MS medium supplemented with 8.88 uM BAP

30 days
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Fig.3 Teak’s seed embryo germination development in MS + 4.44 uMBAP + 0.22uM TAA
concentration

S5days 10 days 22 days

Fig.4 Callus induced from embryo, cotyledon and leaf explants of teak

7

40 days (cotyledons) 30 days (leaves)

35 days (embryo) 45 days (embryo)

Fig.5 Plantlet regeneration from cotyledonary callus at 11.10uM BAP and 0.22 uM TAA
concentration

87 days 110 days
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Fig.6 No or very less phenolics released in ascorbic acid (0.2%) and citric acid (0.2%) treated
explants, while control shows phenolics release in the medium (brown colour)

Treated with Ascorbic acid

Teak explants release phenolic components in
the medium, effect of which were minimized
by treating with 0.2% v/v of ascorbic acid or
citric acid. Figure 6, shows the effect of pre-
phenolic extraction and treatment with
organic acids.

The medium was semitransparent in both
organic acid treated explants even after two
weeks, while, browning of medium was
observed in control (without treatment) due
to release and oxidation of phenolic
compounds. The callus formations from
node, internodes were studied to be from 8.88
uM to 17.76 uM BAP in combination with
0.22 uM IAA. Best callus formation was
observed in 17.76 pM BAP concentration
with 0.22 pM TAA.

Phytochemical studies on Tectona grandis
leaves extract

The aqueous extract from teak plant was
analyzed for its phytochemical content.
Leaves of Tectona grandis contains the
presence of inulin, saponins, reducing
compounds, flavonoids, steroids, alkaloids,
however, tannin, starch, naphthaquinone,
glycosides and protein were not observed
however, phlobatannins were present in trace
amount in the aqueous extracts - (Table 1).
Similar observations were reported by other

Treated with citric acid
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1

L

Control

researchers such as Eluyode and Alabi, 2007.
He reported that tannin, phlobatannins,
alkaloids and saponins were present while,
glycosides, sterol, flavonoids and
Carbohydrate were absent from solvent
extract.

The present study identifies important, as an
integral approach for tree improvement using
latest genetic and molecular tools. In this
study protocol for KOH as softening agent
for teak seed coat was established and this
resulted in establishing tissue culture from
mature embryo. The dried fruit coat softening
for seed removal and phenolics removal from
nodes and internodes by using mild organic
acid are better advancements implemented in
this study. The development of callus and
shoots from embryo, nodes and internodes
showed promising results on working with
mature teak plant. Phenolic components such
as phenolic acids, tannins flavonoids, etc. are
considered the most substantial
phytochemical components produced by
plants (Farag et al., 2020). These compounds
exist in various parts of the plant and their
quantities significantly depends on the kind
of the plant organ, climate, variety, location,
etc. (Sifaoui et al., 2017). The phytochemical
study of aqueous extract of leaves of
Techtona grandis also showed presence of
various phenolic compounds which could be
associated for its high medicinal value.
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