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ABSTRACT

Leptospermum scoparium, commonly known as manuka, is the most important indigenous shrub species in
New Zealand, and has probably undergone the most varied development as an economic plant in the indigenous
flora. The purpose of this research was to establish an efficient regeneration system for manuka from seedlings.
Shoot tips and nodal segments of manuka seedlings were cultured on Murashige and Skoog (MS) medium,
supplemented with several concentrations of 6-benzyladenine (BA) or in combination with gibberellic acid (GA,).
The best results for shoot proliferation were obtained with 2.0 mg I"BA and 0.1 mg I'GA,, resulting in 89.3% shoot
formation and a maximum shoot number (5.23 * 0.06) per explant. Regeneration shoots were transferred to half-
strength MS medium supplemented with several concentrations of a-napthalene acetic acid (NAA) or indole-3-
acetic acid (IAA) for rooting. The best rooting was achieved with 0.5 mg I'NAA, resulting in a 96% root formation
and a maximum root length (2.26 * 0.41 cm). When transferred to outdoors, the well-rooted plantlets from NAA

had a survival rate of 87.5% and continued to grow.
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INTRODUCTION

Leptospermum scoparium, a shrub of the family
Myrtaceae, commonly known as manuka, is the
member of New Zealand indigenous woody flora and
has probably undergone the most varied development
as an economic plant (Yin et al., 18; Stephens et
al., 16). Manuka has attractive white and pink to
reddish coloured petals. Recently, it has largely
been used for garden and flowering pot plant use.
The floriferous nature of manuka makes it a good
candidate for cut flower production (Seelye et al.,
13). Traditionally, manuka was known for various
medicinal uses as outlined by Brooker et al. (3). The
leaves can be used for tea, which has antipyretic and
diuretic effects. Essential oils from manuka showed
moderate activity against F. circinatum (Lee et al., 8).
Manuka honey is derived from nectar collected by
honeybees (Apis mellifera) foraging on the manuka
tree in New Zealand, which has been reported to show
a significant antimicrobial activity against a wide range
of bacterial species (Henriques et al., 5 & 6).

Propagation of manuka may be achieved by rather
bulky semi-hardwood cuttings or seeds (Metcalf, 9).
The interest in using in vitro culture techniques for
the plantlet regeneration of Leptospermum spp. using
explants from mature trees has already been reported
(Shipton and Jackes, 14 ; Braun and Leung, 2; Seelye
et al., 13). The purpose of this study was to establish
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an efficient regeneration system for manuka from
seedlings. Comparing the former tissue culture reports
about Leptospermum spp., here the regeneration
system had its specialty and could be applied for the
selection and clone of a desired cultivar.

MATERIALS AND METHODS

Manuka seeds were procured from New Zealand.
Seeds were washed under running tap water for
atleast 30 min. Thereafter, they were immersed
by 200 mg I"'GA, for 12 h. Before the seeds were
cultured onto the half-strength Murashige and Skoog
(11) medium for germination, they were surface
sterilized with freshly prepared 10% (w/v) sodium
hypochlorite (NaOCI) for 10 min. followed by rinsing
for three times with sterile distilled water. Then the
seeds were inoculated for germination. Shoot tips
and nodal segments, 1.0-1.5 cm long, were excised
from one-month-old seedlings and used as explants.
The leaves were separated from the nodal segments
carrying dormant axillary buds.

Shoot tips and nodal segments were cultured
on MS basal medium supplemented with 3% (w/v)
sucrose and 0.5% (w/v) agar. Rooting was achieved
on half-strength MS medium supplemented with
3% (w/v) sucrose and 0.5% (w/v) agar. At least 25
explants per treatment were used at each stage.
Plant growth regulators and their combinations were
added to the medium as specified below. The pH
was adjusted to 5.8, prior to autoclaving at 121°C for
20 min. When required, the appropriate auxins and
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cytokinins were incorporated into the media before
sterilisation. GA, was filter sterilized using 0.2 ym
disposabile filters (Millipore®) and added to the media
following sterilisation. Molten medium (50 ml) were
dispensed into 250 ml jars. All the cultures were
incubated at 25 + 2°C and 70% relative humidity under
cool white fluorescent light with a photosynthetic
photon flux density (PPFD) of 50 ymol m2s- for a
photoperiod of 16/8 h light and dark cycles.

At the proliferation stage the basal medium was
supplemented various concentrations of BA 0, 0.5,
1.0, 1.5, 2.0, 2.5 mg I'" or in combination with 0.1 mg
I"GA,. At the end of the fourth week, the number of
explants forming shoots and shoot numbers were
recorded. The effect of auxin on root induction was
studied by placing excised shoots measuring 1.5-
2.0 cm into 250 ml jars, each containing 50 ml half-
strength MS medium with various concentrations of
NAA 0.2, 0.5, 1.0, 1.5 mg I'. A second experiment
was supplemented with various concentrations of
IAA 0.2, 0.5, 1.0, 1.5 mg I". The control involved
transferring the shoots to a medium lacking growth
regulators. Three weeks later, rooting percentage,
the number of explants forming roots and root length
were recorded.

Three weeks after incubation at the root forming
stage, all jars with well-rooted shoots from all treatments
were transferred to the mist system equipped with an
electronic leaf device, for hardening. Plantlets from
NAA or IAA were washed thoroughly in running tap
water to remove any agar medium from the roots

and transferred separately to plastic pots (20 cm)
containing sterile garden soil and vermiculite (2:1)
under diffused light (14/10 h photoperiod) conditions.
Potted plantlets were covered with transparent plastic
bags to ensure high humidity and watered every three
days with half-strength MS salts solution for two weeks
in order to acclimatize the plants to field conditions.
At the end of the second week all plastic bags were
removed and the plantlets uncovered. During this stage
the shoots continued to grow as a sign of successful
establishment. Three weeks after transplanting, the
plants into the potting mixture, the plantlets were
transferred outdoors where they continued to grow.

All the experiments were conducted with a minimum
of 25 explants per treatment and were repeated three
times. All data were analyzed using a one-way analysis
of variance (ANOVA) and comparisons between the
mean values of treatments were made by the least
significant difference test at the 5% level of probability
using the software SPSS 17.0.

RESULTS AND DISCUSSION

Only a few shoots developed in the absence
of BA (Table 1). Explants demonstrated differential
responses according to the concentrations and
combinations of growth regulators in the culture
media. For the various BA concentrations, the
number of successful explants forming shoots
and shoots number per explant increased with the
increase in concentration of BA (Table 1). Maximum
shoot regeneration frequency of 89.3% and maximum

Table 1. Effect of plant growth regulators on shoot proliferation from different explants of manuka seedlings.

Plant growth regulator (mg I')

Shoot regeneration

No. of shoots

GA, BAP (%) per explant
0 0 53+13a 0.81 £ 0.05 a
0 0.5 27+13 a 151011 b
0 1.0 133+350b 1.84 + 0.06 ¢
0 1.5 413+27d 273 +0.03d
0 2.0 747 £ 27 f 4.67 £ 0.02 e
0 25 893+13¢g 444 £ 0.05 e

0.1 0.5 6.7+ 13 a 158 + 0.07 b

0.1 1.0 253+13¢ 192+ 011 ¢
0.1 1.5 640+ 23 e 290 + 0.07 d
0.1 2.0 893+13¢g 5.23 + 0.06 f
0.1 25 90.1+13g 5.16 + 0.05 f

"Each value represents the mean + standard error of three replications (25 cultures for each replication). Values followed by different

letters are significantly different (P = 0.05).
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shoots number of 4.44 + 0.05 per explant were both
obtained when the concentration of BA was 2.5 mg
I" (Table 1; Fig. 1A). The treatment with 0.1 mg I
GA, had the effect of promoting the multiplication
of adventitious shoots. Comparing the 1.0 mg I'or
1.5 mg I'or 2.0 mg I"'BA, addition of 0.1 mg I'' GA,
significantly increased the shoot multiplication
respectively (Table 1). Another effect of stimulating
shoot elongation was observed with the addition of
0.1 mg I'" GA,. The maximum number of shoots per
explant was obtained on the medium supplemented
with 2.0 mg I"'BA and 0.1 mg I'GA, or 2.5 mg |"' BA
and 0.1 mg I'GA, (Table 1). However, we observed
that the growth rate of shoots was faster on the
medium containing 2.0 mg I"BA and 0.1 mg I"'GA,
than 2.5 mg I" BAand 0.1 mg I'GA,. The best results
for shoot proliferation were obtained with 2.0 mg I''BA
and 0.1 mg I"GA, (Fig. 1B).

Different concentrations of BA have been used
for proliferation of Leptospermum shoots (Braun and
Leung, 2; Seelye et al., 13) and Myrtaceae shoots
(Yadav et al., 17; Speer, 15; Khan et al., 7) as noted
in the present study. In a previous study carried out
by Braun and Leung (2), the best BA concentration for
Leptospermum scoparium proliferation from mature
shoots was 1.0 or 2.0 mg I, but they used one-tenth
strength MS salts and data on actual shoot numbers
were not presented. Addition of GA, is known to
promote internodal length in many plants (Bidwell,

-

Fig. 1. Regeneration from Manuka seedling explants:
Proliferation of shoots on MS + BA (2.5 mg I'") (A);
Regeneration of shoots on MS + BA (2.0 mg I'") +
GA, (0.1 mg ") (B); Rooted plantlet on half-strength
MS + NAA (0.5 mg I') (C); 35 cm high plant after a
5-month of acclimatization (D).

1). However, in most plants, the use of gibberellins
in shoot culture medium was detrimental, producing
elongated shoots with narrow leaves. Sometimes, at
the proliferation stage, GA, can enhance growth and/
or increase the rate of shoot proliferation (Moshkov
et al., 10), hence the addition of GA, with BA caused
high-frequency bud breaks and shoot multiplication
in apical shoot bud and nodal segment explants
of Morus cathyana (Pattnaik and Chand, 12). Our
results on shoot regeneration of manuka were similar.
In the previous study on Leptospermum scoparium
proliferation (Braun and Leung, 2), GA, was used
alone and the effect was negative. In contrast,
our study showed that addition of GA, with BA to
the proliferation medium was essential for optimal
proliferation.

About 88.3% of shoots developed roots on half-
strength MS medium without growth regulators.
The rooting of regeneration shoots demonstrated
differential responses according to the concentrations
of growth regulators in the culture media (Table 2).
Of the various NAA or IAA concentrations, about 90
to 96% of individual shoots produced roots when the
concentration of NAAor IAAwas 0.50r 1.0 mg|'. There
was no significant difference in root number per shoot
among the media supplemented with 0.5 or 1.0 mg |
NAA or |AA (Table 2). However, the roots had a faster
growth rate with longer length (2.26 + 0.41 or 2.15
0.32 cm) when the concentration of NAA or IAAwas 0.5
mg I'' (Table 2). Root production was suppressed with
the higher concentration of NAA (1.5 mg I'") or lower
concentration of NAA (0.2 mg I'") (Table 2). Moreover,
it was observed that the roots induced by NAA were
thick and white, while roots induced by IAA were thin
and brown (Fig. 2A, B).

Incubation of adventitious shoots on an NAA
or IAA or IBA-supplemented medium induced the
formation of roots in many different Leptospermum
species (Shipton and Jackes, 14; Braun and Leung,
2; Seelye et al., 13). However, NAA was found
to be more effective in root induction than IBA in
manuka (Braun and Leung, 2). About 88.3% of shoots
developed roots on a growth regulator-free medium,
similar results were also found in the previous studies
about Leptospermum species carried out by Braun
and Leung (2), and Seelye et al. (13). Through it
was seen that number of shoots per shoot and root
length were both not good on growth regulator-free
medium (Table 2). This may be attributed to the low
endogenous hormone levels. The most effective root
induction was obtained on the medium supplemented
with 0.5 mg I'"'NAA or IAA. There were no previous
reports about the thick and white roots induced by
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Table 2. Effect of plant growth regulators on root induction from shoots of manuka.

Plant growth regulator (mg I")

Rooting (%)

No. of roots per shoot

Root length (cm)

NAA IAA

0 0 88.3+46d 1.2+ 0.08 a 112+ 032 ¢c
0.2 0 307+13b 16+0.1a 0.76 £+ 0.22 b
0.5 0 96.0 + 23 d 35+02b 226 £ 041 e
1.0 0 90.7 +13d 3.7+03b 1.256 £ 0.38 ¢
1.5 0 18.7 £ 2.7 a 16+02a 0.40 + 0.10 a
0 0.2 440+ 23c 1.5+x0.1a 075+ 025 b
0 0.5 93.3+13d 36+02Db 215+ 032 e
0 1.0 90.7 + 2.7 d 38+£02b 1.50 £ 043 d
0 1.5 227+13 a 14+01a 0.30 £ 0.08 a

'Each value represents the mean * standard error of three replications (25 cultures for each replication). Values
followed by different letters are significantly different (P = 0.05).

NAA, which maybe have a better absorbing ability
than the thin and brown roots induced by IAA for the
plantlets from NAA had a higher survival rate than the
plantlets from IAA.

Plantlets with roots were easy to transfer into the
potting mixture without injury. The plantlets with fully
expanded leaves and well-developed roots induced
on NAA had a survival rate of 87.5% (Fig. 2C) in the
first three weeks and they continued to grow well,
five month later, they grew (Fig. 1D). However, the
explants with expanded leaves and well-developed
roots induced by IAA only had a survival of 32% (Fig.
2D). Hence, the best root forming response was

Fig. 2. The different response in root induction between
NAA and IAA: Thick and white roots induced by
NAA (A); Thin and brown roots induced by IAA (B);
Plantlets with roots induced by NAA after 18 days
(C); Plantlets with roots induced by IAA after 18
days (D).

achieved on half-strength MS medium supplemented
with 0.5 mg I"'NAA.

In summary, this paper reports an effective method
and culture medium for the rapid multiplication of
manuka from seedlings along with a relatively simple
procedure of acclimatizing rooted explants under mist
with a high survival rate. The system appears to be
highly effective and could be used as a means of the
selection and clone of a desired cultivar.
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