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ABSTRACT

Plectranthus zeylanicus isa medicinal and an aromatic herb native to i Lanka of family Lamiaceae.lt is known
to contain strong aromatic chemicals as other members of the Plectranthusgenus. Currently, because of the
significance of aromatic chemicals and essential oils in perfumery industry, flavoring industry, pharmaceuticals
and various other fields demands the increased production of themin lesser time and cost. The present work was
aimed to develop a protocol for mass scale propagation of Plectranthus zeylanicus through tissue culture
techniques. Shoot tips and nodal segments were selected as explants, collected from well-maintained shade house
grown one-month old mother plants. Murashige and Skoog (MS) medium was used throughout the experiment.
For shoot induction and proliferation, MS medium supplemented with combination of 1-Naphthalene acetic acid
(NAA) and different levels of N6-benzylaminopurine (BAP) were used. In vitro rooting was achieved to 50%
strength MSbasal medium containing different levels of Indole Acetic Acid (IAA) and NAA. Such invitro produced
plants were acclimatized and survival percentages were obtained. The explants from nodal segments gave better
results in shoot initiation compared to those from the shoot tips on all the media combinations tested. The highest
rate of shoot induction (97.8%) and highest number of shoots per explant (8.9) were obtained in MS medium
supplemented with 2.0 mg/l BAP from nodal explants and was significantly different at 5% significant level. The
highest rate of shoot proliferation (85%) and number of shoots per explant (8.8) was obtained on media
supplemented with 2.0 mg/L BAP + 0.1 mg/L NAA after six weeksof nodal cultureand shoot tip cultures supplemented
with 2.0 mg/L BAP + 0.1 mg/L NAA resulted highest number of shoots per explant (5.5) with 78% shoot proliferation,
after 6" week of cultureinitiation. The shoot proliferation was more effective in nodal segmentsthan from shoot tip
cultures resulting from observations and analysis. Therefore 6™ week is the best period to get optimum number of
shoots from nodal segments. It was observed that with 0.5mg/L |AA with Omg/L NAA resulted highest number of
roots/explant and the longest roots were recorded with the control treatment. Therefore, it is possible to deduce
that the current protocol is promising for in vitro mass propagation of Plectranthus zeylanicus, a valuable
medicinal plant with promising future in aromatic and pharmaceutical industry.
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INTRODUCTION zeylanicusas scavenger of freeradicalsanditsrole
Plectranthus zeylanicus, a valuable medicinal 8 anatural antioxidant.
plant native to Sri Lanka, belongs to family It is discovered that species of Plectranthus

Lumiaceae. Thismedicinal herb commonly called  genuscontain geraniol, geranyl acetatelike strongly
Iriweriya in Sinhala or Pathacur in Hindi, and  aromatic essential oils (Muthukumarana and

Karpuravalli or Malyalam-Kannikkaurkka in - Dharmadasa, 2014). These strongly aromatic
Sanskrit (Sivargian and Balachandran,1994). This  essential oil is important for many industries and

herb contributes to the immense medicinal demand for those industries is increasing day by

importance. Thisspeciesisusedinfolk (ayurvedic) day. Rahman and Fakir (2015) have stated that many
medicine for the preparation of adrug, whichisa . o . .
wild and semi-wild plant species, medicina and

carminative, tonic and cures dyspepsia, indigestion, ) , _
d & 1ncl9 aromatic plants have been used over the millennia

dysentery, vomiting, dermatitis, ulcersand bleeding _ _
disorders. (Sivarajan and Balachandran, 1994). for human welfare in the promotion of health and

Betty and Thoppil (2004) have discovered the & drugs and fragrance materials. Same authors
effectiveness of the extract of Plectranthus havementioned that countrieslike Sri Lanka, India
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and China have officially recognized the use
of traditional medicines in health care delivery
systems.

Plectranthus zeylanicusisnormally propagated
by vegetative cuttings but it istime consuming and
providesalimited number of propagules. Thus, use
of traditional propagation methodsare not sufficient
to meet the industry demand for the extraction of
volatile materials from this aromatic herb.
Commercia plantation of thisaromatic plant species
have not been attempted yet dueto non- availability
of quality planting materials.

While this aromatic plant has potential for
commercializationto take advantage of itsmedicinal
propertiesand essential oilstherehasto beareliable
source of this plant material before it can be
considered for product development. Inthisregard,
asimpleand effective protocol of micro propagation
through tissue culture would be useful for future
cultivation of this plant to make it more readily
available.

MATERIALS AND METHODS
Plant Materials

Mother plants were maintained in shade house
conditions, Department of Crop Science, Faculty
of Agriculture, University of Ruhuna, Mapalana,
Kamburupitiya, Sri Lanka. Watering was done
regularly and all other agronomic practices were
followed asrequired. Shoot tipsand nodal segments
were used as explants. Mother plantswere sprayed
with thefungicide solution (Daconil 1ml/L) prior to
the collection of explants and after 1 hour, explants
were collected from freshly emerged sprouts. The
collected explants were washed with liquid
detergent (2-3 drops of Teepol). Then the explants
were kept under running tap water for 1 hour
followed by dipping inafungicide solution (Daconil-
concentration 1ml/L) for 30 minutes. The explants
were transferred to a laminar air flow chamber
where they were surface sterilized with 10%
Clorox® containing drops of Tween-20 for 15
minutes. After rinseswith steriledistilled water for
3times, theexplants (shoot tips and nodal segments)
were cut into 2 - 3 cm.
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Shoot induction and proliferation

Basal M Smediumwith 30 ¢/l sucroseand gelled
with 0.8% (w/v) agar and the pH was adjusted to
5.8 and sterilized in an autoclave under 15 psi and
121C. The medium was supplemented with
combinations of BAP (0.5, 1.0, 1.5 and 2.0 mg/L)
and NAA (0.1mg/L). Explants were inocul atedon
to 40 mL of medium contained in 150 ml flasks.
The cultureswereincubated in aplant growth room
at a temperature of 25UC + 1UC with a 16/8 h
photoperiod provided by cool-white fluorescent
lamps (1000 -2000 lux) and were checked regularly
for contamination. Percentage of shoot induction,
number of shoots per explant were obtained after
12 days and shoot proliferation rate was recorded
at weekly intervals for ten weeks. Twenty
replicated flasks were used in each treatment to
compare the effects of the growth regulators in
Complete Randomized Design (CRD) and data
wereanayzed using Minitab 17 statistical software
using ANOVA and means were separated using
Duncan’s Multiple Range Test (DMRT).

Invitrorooting and acclimatization of Plantlets

Shoots (>2.0 cm long) from the best treatment
were individually placed inside the flasks for root
initiation. The explants were cultured on 50% M S
basal medium with glucose (15g/L) and gelled with
0.8% (w/v) agar supplemented with lAA and NAA
with different combination levelsas0.25 mg/L |IAA
and NAA, 0.5mg/L IAA andNAA, 0.5mg/L IAA
withOmg/L NAA and 0 mg/L IAA with0.25,0.5&
1.0mg/L NAA. Twenty replicated flaskswere used
in each treatment. The number of shoots that
produced roots, as well as the number and length
of the induced roots were recorded after 30 days.
Complete plantlets produced in vitro were removed
from the culture medium and the rootswerewashed
to remove the agar. The plantlets were then
transferred into pots containing top soil: compost:
sandin 1:1:1/2 ratio and placed in the shade house
under controlled conditionswith 75% shading and
temperature at 28UC-32UC. To maintain humidity,
the plants were watered periodically twice a day.
Observationswere recorded on the percent survival
of rooted and acclimatized plants.
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Table 1: Effect of plant growth regulators on shoot induction from different explants after 12

days of culture.

Explant segment Growth regulator Shoot induction Average number
concentratio (mg/L) (%) of shoots/explant
BAP NAA

Shoot tips 05 0.1 704 4.0+ 0.022

10 0.1 76.2 4.3+0.012

15 0.1 80.8 45+ 0.042

2.0 0.1 85.2 5.2+ 0.062

Nodal segments 05 0.1 66.8 3.3+£0.04¢

10 0.1 824 4.9+ 0.07°

15 0.1 85.2 5.7+ 0.02°

2.0 0.1 97.8 8.9+ 0.022

Means with same letters are not significantly different at P>0.05 level

Table 2: Effect of different concentrationsof | AA and NAA on therate of explant rooting, number
of roots per plant and average root length.

IAA NAA No. of Roots/Explant Average Root Length (cm)
0 0 7.8+ 0.39° 31+0.9
0.25 0.25 125+ 0.91° 21+04°
0.5 0.5 13.9+0.722 20+ 0.3
0.5 0 142+ 1.097 24+0.1°
0 0.5 11.6+0.34° 15+ 04
0 0.25 8.7 £ 0.51¢ 0.6+ 0.04°
0 1 75+ 0.44° 0.4+0.03

Means with same letters are not significantly different at P>0.05 level

RESULTS AND DISCUSSION
Explants establishment and shoot initiation

A simple and effective protocol was devel oped
for the in vitro micropropagation of Plectranthus
zeylanicus. Two different types of explants (shoot
tipsand nodal segments) were cultured on M Smedia
containing different concentrations of BAP and
NAA to evaluate their effects on shoot initiation.
Explants showed varying successin shoot initiation
depending on the type of explants and the growth
regulators added. The response of explants cultured
in MS media supplemented with BAP and NAA
are shown in Table 1.

The explants from nodal segments gave better
results in shoot initiation compared to those from
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the shoot tips on all the mediacombinationstested.
Generally, the increased level of BAP resulted in
significantly higher shoot initiation and the number
of shootsat theinitiation stage, with constant level
of NAA. Although bud break was dependent on
BAP supply, the synergistic combination of BAP
and NAA induced the optimum frequency of shoot
formation aswell as shoot number. The highest rate
of shoot induction (97.8%) and highest number of
shoots per explant (8.9) were obtained in MS
medium supplemented with 2.0 mg/l BAP+ 0.1 mg/
I NAA which was significantly different from all
other hormonal combinations and type of explant
used at 5% significant level (Table1). Similar results
were reported by Sudharson et al.(2014) in their
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Plate1: Effect of different treatmentsfor shoot tip proliferation from shoot tip explants (L eft) and
nodal segments(Right); (a) BAP0.5mg/L + NAA 0.5mg/L NAA, (b) BAP Img/L + NAA 0.5mg/L
NAA, (c) BAP 1.5mg/L + NAA 0.5mg/L NAA, (d) BAP2mg/L + NAA 0.5mg/L NAA.
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Fig. 1: Plantlet proliferation rate of Plectranthuszeylanicusfrom nodal ssgments(A) and from

shoot tips(B).

studies on the medicinal plant Hybanthus
enneaspermus, that supplementation of MS
mediumwith 2.0 mg/L BAP give better resultsthan
when the growth regulator was added in higher or
lower concentrations. According to Dharaneeswara
et al. (2014), BAP concentrations of up to 2.0 mg/
L wereeffectiveininducing shoots of Grand naine.

Shoot proliferation and in vitro rooting

Different concentrationsof BAP or NAA added
to MS medium in combination has affected shoot
proliferation rate, the number of shoots produced
and the average length of the shoots. The highest
rate of shoot proliferation (85%) and number of
shoots per explant (8.8) was obtained on media
supplemented with 2.0 mg/L BAP+0.1 mg/L NAA
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after six weeks of nodal culture (Figure 1). Same
way, shoot tip cultures supplemented with 2.0 mg/
L BAP+0.1 mg/L NAA resulted in highest number
of shoots per explant (5.5) with 78% shoot
proliferation, after 6 week of culture initiation
(Figurel). But, the shoot proliferation was more
effective in nodal segments than from shoot tip
cultures (Platel- Right). Therefore 6"week is the
best period to get optimum number of shootsfrom
nodal segments. Yohannes and Firew(2014)
reported that the cotyledonary node explants of
Yeheb (Cordeauxia edulis) cultured on MS
medium supplemented with 2.0 mg/L BAPresulted
inthe highest rate of shoot initiation (89 %) and the
highest number of shoots per culture after nine
weeks. Consistent with this result, Daneshvar et
al. (2013) reported that 2.5 mg/L BAP + 0.15 mg/



L NAA in MSmedium produced the highest number
of Aloe vera plantlets (up to 28.47 plantlets per
explants). Amiri et al. (2011) reported that the
maximum shoot regeneration and maximum number
of regenerated shootsin Datura stramonium were
obtained inthetreatment containing 2 mg/L BAP +
1 mg/L NAA.

Rooting and Acclimatization

Roots were produced in all media. However,
supplementation with IBA and NAA affected
rooting in Plectranthus zeylanicus shoots
differently (Table 2).Visual observationsduring the
study reveal ed that roots of micro-shootsgrown on
medium containing high NAA levels were
morphologically different from roots of other shoots
supplemented with high IBA with or without NAA.
Theseroots appeared thicker and short. Among the
tested treatment combinations 0.5mg/L 1AA with
0.5mg/L NAA and 0.5mg/L IAA withOmg/L NAA
showed no significant difference resulting the
highest number of roots per explant (P>0.05).

But, with 0.5mg/L NAA, callus production was
high and it is not a desirable observation during
rooting stage. Therefore, 0.5mg/L 1AA without
NAA is the suitable hormone level for rooting of
Plectranthus zeylanicus. According to the
findings of Rahaman et al.(2015) the percentage
of rooted explants (100%) and the number of roots
(10 - 12.5 roots/explant) produced were highest in
mediacontaining |AA 1.0mg/L with 0.5mg/L NAA.
The lower response of NAA in promoting root
formation of in vitro grown banana explants was
also reported by Arun et al. (2012). They found
that the culture medium containing 1.0 mg/L NAA
was less efficient than 1AA in the promotion of
rooting, with the former inducing only 1.64 roots/
explant. As in the present study, Ravanfar et al.
(2009) and Rahaman et al. (2015) recorded that
maximum root length (3.1 cm) was attained on
growth regulator free MS medium.

The acclimatization of rooted plantsin ex vitro
conditions was carried out with the plants bearing
well developed roots transferred to small pots
containing potting mixtures (top soil: compost: sand
in 1:1:1/2). They were maintained at about 70%
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relative humidity in the greenhouse with 75%
shading. A survival rate 100% was achieved after
6 weeks.

CONCLUSION

This study provides an efficient in vitro
propagation method for Plectranthus zeylanicus
using asimpleand efficient protocol for producing
true to type plantsin arelatively short period and
with high multiplication rate using nodal tips and
shoot tips. Hence, this protocol, culturing of nodal
segmentsin M S medium supplemented with 2.0 mg/
| BAP + 0.1 mg/l NAA for shoot induction and
proliferation and for rootingz MS supplemented
with 0.5 mg/l 1AA is found to be optimal for in
vitro mass production of the plant Plectranthus
zeylanicus. to solve the commercialization and
conservation bottle necks of this economically
valuable aromatic and medicinal plant.

REFERENCES :

Amiri, S., Kazemitabar, S.K., Ranjbar, GA and
Azadbakht, M. 2011. In vitro propagation and
whole plant regeneration fromcallusin Datura
(Datura stramonium. L), Afr. J. of Biotech.,
10(3): 442-48.

Arun, K., Pinga, K. and Shukla, L.N. 2012. In itro
Rooting inthe Tissue Culture Raised Plantlets
of Malbhog Cultivar of Banana, Indian J. of
Innovations and Developments 1. 665-68.

Betty KP and Thoppil JE 2004. Comparative
Chemical Analysis of the Essential Qil of
Plectranthus Zeylanicus Benth.
(lamiaceae), The Scitech J. 1(8):10-12.

Daneshvar MH, Noorolah M and Zadeh NA 2013.
The Effects of Different Media on Shoot
Proliferation from the Shoot Tip of Aloevera
L., Jundishapur J Nat Pharm Prod., 8(2):
93-97.

Dharaneeswara, DR, Dasari, S. and MuralidhraRa
D. 2014. Effects of 6-Benzyl Amino Purine
(6-Bap) onln vitro Shoot Multiplication Of
Grand Naine (Musa Sp.), Int. J. of Ad.
Biotech. and Research 5:(1) 36-42.



Mass production of Plectranthus zeylanicus

Muthukumarana, R. and Dharmadasa, RM. 2014.
Pharmacognostical investigation of
Plectranthus hadiensis (Forssk.) Schweinf.
ex Sprenger. and Plectranthus amboinicus
(Lour.) Spreng, World J. of Agric. Research,
2(5):240-46.

Rahaman, M.M. and Fakir, M.S.A. 2015.
Biodiversity of Medicinal Plants in
Bangladesh: Prospects and Problems of
Conservation and Utilization. International
J.of Minor Fruits, Medicinal and Aromatic
Plants, 1(1):1-9.

Rahman Zuraida, AB, Noor, EBS, Ali, MSA, Razali,
M. and Othman, AN. 2015. In Vitro
Micropropagation of a Valuable Medicinal
Plant, Plectranthus amboinicus, Am. J. of
Plant Sci., 6: 1091-97.

Ravanfar, S.A., Aziz, M.A., Kadir, M.A., Rashid,
A.A. and Sirchi, M.H.T. 2009. Plant

IIMFM&AP, Vol. 5No. 1, 2019

20

Regeneration of Brassica oleracea subsp.
italica (Broccoli) CV Green Marvel as
Affected by Plant Growth Regulators.
African J. of Biotechnology, 8: 2523-28.

Sivargjan, V.V. and Balachandran, |. 1994.

Ayurvedic Drugs and their Plant Sources,
Oxford and 1BH Publishing Co. Pvt. Ltd,
New Delhi. Pp 570-72.

Sudharson, S., Anbazhagan, M., Balachandran, B.

and Arumugam, K. 2014. Effect of BAP on
in Vitro Propagation of Hybanthus
enneaspermus (L.) Muell, an Important
Medicina Plant, International J. of Current
Microbiology and applied Science, 3 : 397-
402.

Yohannes, S. and Firew, M. 2014. In vitro

Germination and Direct Shoot Induction of
Yeheb (Cordeauxia edulis Hemdl.), Agric.,
Forestry and Fisheries, 3 : 452-58.



