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Abstract Tea tree oil is extracted from the leaves and
twigs of Melaleuca alternifolia (Maiden & Betche) Cheel,
and it is widely used in medicines, food preservatives,
cosmetics and health care products. Traditional propaga-
tion of M. alternifolia from seeds does not necessarily
transfer the desired characteristics from their mother trees,
the seedlings are not uniform, and the multiplication rate
from cuttings is relatively low. For these reasons, it is
necessary to develop tissue culture techniques for this
species. This study showed that an efficient explant initi-
ation medium for M. alternifolia was MS 1/2 + BA
0.6mg L' + NAA 0.1 mg L™' + sucrose 30 g L',
which yielded a 75.9 % initiation rate. An efficient multi-
plication medium was MS + BA 03 mg L' + NAA
0.15 mg L™" + sucrose 30 g L™!, which yielded a 4.3
multiplication rate and 3.2 cm shoot length. The rooting
medium was MS 1/2 + IBA 0.1-0.25 mg L™' + sucrose
15 g L', which yielded a 100 % rooting rate, 2.94-3.32
roots per individual and 1.36-1.44 cm root length. Local
red-core soil was suitable as a transplant medium, and
yielded 98 % survival. This study improved the tissue
culture technique for mass-propagation of M. alternifolia,
enabling the production of high quality plants for market.
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Introduction

Melaleuca alternifolia Cheel, belonging to the family
Mpyrtaceae, is a tree of 6 m height, and its origin is mainly in
Australia. The leaves and twigs of M. alternifolia can be
distilled for extraction of an essential oil called “tea tree oil”,
which possesses anti-fungal and anti-bacterial properties
(Buck et al. 1994; Banes-Marshall et al. 2001; Hammer et al.
2003; Bagg et al. 2006; Caldefie-Chézet et al. 2006; Carson
et al. 2006; D’ Arrigo et al. 2010; Tsao et al. 2010), anti-viral
properties (Garozzo et al. 2009) and activity against cancer
cells (Greay et al. 2010). For these reasons, tea tree oil is
widely used in medicines, food preservatives, cosmetics and
health care products. The traditional propagation for M.
alternifolia by seeds does not allow complete inheritance of
the desired characteristics of the mother trees and so the
phenotypes of the progeny are not uniform (Chang and
Huang 2003; Zhang and Xing 2003). The multiplication rate
by cuttings is relatively low (Li et al. 2003; Guo 2007) and it
is therefore necessary to develop optimized tissue culture
techniques for M. alternifolia. Some researchers have stud-
ied tissue culture techniques for M. alternifolia, finding large
differences in multiplication rates and rooting frequencies
(Zhang et al. 2000; Wu et al. 2001; Zhou et al. 2001; Chang
and Huang 2003; Kiong et al. 2007; Oliveira et al. 2010).
They could not overcome the problem of low morphogenic
capacity associated with shoot ageing (Wendling et al.
2014), even after 12 or more multiplication passages. In this
study, the explants from selected trees of M. alternifolia
were harvested for mass propagation by tissue culture, with
the goal of producing high quality plants for markets.
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Materials and methods

Sprouts were collected from the trunk base of elite indi-
viduals of M. alternifolia in Fujian, China. Apical buds and
semi-lignified stems were used as explants.

Surface sterilization

The stems were initially washed under running tap water
for 5-10 min, immersed in 70-75 % ethanol for 30 s under
aseptic condition in a laminar flow cabinet, rinsed in ster-
ilized water once, transferred to surface sterilization solu-
tion (100 mL of 0.1 % HgCl, supplemented with 2 drops
of Tween-20) for 12—-15 min, and then rinsed in sterilized
water four or five times. The stems were dissected to retain
one node on each explant, each 1.5-2.0 cm in length, and
were then transferred onto the explant initiation medium.

Culture conditions

The explants were initially incubated in darkness. The
illumination intensity was then 1000-1500 Ix for shoot
multiplication and root induction, and 3000-6000 Ix for
plantlet hardening, for which the photoperiod was 12 h
light/12 h darkness. All cultures were maintained at a room
temperature of (24 £ 2) °C.

Experimental design
Explant initiation

The explant initiation medium comprised: (1) MS + BA
0.6 mg L™' + NAA 0.1 mg L™"; or (2) MS 1/2 + BA
0.6mg L' + NAA 0.1 mg L™'. All media contained
sugar 30-g L' and carrageenan 6.0-g L™" (produced in
Quanzhou, Fujian, China), pH 6.0. There were 30 jars for
each medium and the three replications within an experi-
ment. One bud or shoot occupied one jar. The initiation
rates were recorded after 30 days.

Shoot multiplication

The shoot multiplication medium comprised: (3)
MS + BA 0.6 mg L™' + NAA 0.1 mg L™"; (4) MS 1/2 +
BA 0.6mg L™' + NAA 0.l mg L™'; (5 MS + BA
03 mg L™' + NAA 0.15mg L™'; or (6) MS 1/2 + BA
0.3 mg L™" + NAA 0.15 mg L™". All media contained
sugar 30 g L™" and carrageenan 6.0 g L', pH 6.0. There
were 30 jars (3 shoots per jar) for each medium and the
three replications within an experiment. Multiplication
rates (Sanchez and Vieitez 1991; Hung and Trueman 2011)
and shoot height were recorded after 30 days.
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Root induction

The rooting medium comprised: (7) MS 1/2 4+ IBA 0.1 mg
L™ (8) MS 1/2 + IBA 0.25 mg L™'; (9) MS 1/2 + IBA
0.5 mg L™"; or (10) MS 1/2 + IBA 1.0 mg L™". All media
contained sugar 15 ¢ L™' and carrageenan 7.0 g L™, pH
6.0. There were 20 jars (3 shoots per jar) for each medium
and the three replications within an experiment.

Plantlet hardening

After 20 days in rooting medium in the culture room, the
plantlets within the bottles were transferred to a glasshouse.
Rooting percentage, root number per rooted individual,
root length and plantlet height were recorded after 15 days
of hardening.

Plantlet transfer

The natural, local, red-core soil was used as the cultivation
medium. The soil was put into plastic trays with drain
holes, the trays were placed in the greenhouse, and the soil
was sterilized with 0.03-0.05 % KMnQO,. The hardened
plantlets were rinsed under tap water to remove any
remaining carrageenan. The plantlets were immersed in
1/1000 dilution of 70 % thiophanate methyl or 1/1000
dilution of 80 % Mancozeb solution for 15 min, then
transplanted into the soil or medium and covered with a
transparent plastic film to maintain high humidity. The
plantlets were sprayed with water once daily. The plastic
film was removed after 3 weeks and the spray frequency
increased to 2-3 times per day.

Statistical analysis

Data were analyzed statistically with SPSS Statistics 17.0
software. Data were analyzed by analysis of variance
(ANOVA) (for 3—6 means) or ¢ test (for two means), with a
post hoc Tukey’s test if the ANOVA was significant.
Means are provided with standard errors, and means were
considered significantly different at P < 0.05.

Results
Explant initiation medium

Shoots grew vigorously on medium No. 1, whereas shoots
grew slowly without elongation on medium No. 2
(Table 1). Therefore, medium No. 1, MS + BA 0.6 mg
L™' + NAA 0.1 mg L™, was selected for explant initia-
tion for M. alternifolia.
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Table 1 The effect of two
different basal media on explant

initiation in M. alternifolia 1 MS 0.6 0.1 759 +12a  Vigorous shoots and leaves
2 12MS 0.6 0.1 543 £ 1.2b Short shoots, slow growth

Medium no. Medium BA (mg L_l) NAA (mg L_l) Initiation (%) Growth status

Means (+£standard error) with different letters are significantly different at P < 0.05 using ¢ test

Multiplication medium

Shoot multiplication rate was highest, i.e. 8.9, in medium
No. 3 (Table 2), but the shoots were short, 1.1 cm
(Table 2). Multiplication rates on media Nos. 4 and 5 were
moderate, i.e. 3.4 and 4.3, respectively. Shoots on medium
No. 4 were short, 0.8 cm, with chlorotic leaves. The shoots
on medium No. 5 were strong, with 3.2 cm length. Mul-
tiplication rate was lowest, 2.1, on medium No. 6, and the
shoots had chlorotic leaves. Only the combination of
multiplication rate and shoot length on medium No. 5
satisfied the demands for mass propagation for M.
alternifolia. Therefore, medium No. 5, MS + BA 0.3 mg
L~' + NAA 0.15 mg L', was suitable for shoot multi-
plication of M. alternifolia (Fig. 1).

Fig. 1 Multiplication buds of M. alternifolia

Rooting medium Discussion
No roots emerged on media Nos. 9 and 10, whereas 100 %
rooting occurred on media Nos. 7 and 8 (Table 3). The root
number per shoot on medium No. 7 was 3.3, which was
significantly higher more than shoots on medium No. §, 2.9
roots. However, the root length on medium No. 8 was
1.44 cm, significantly greater than that on medium No.7,
1.36 cm. The media Nos. 7 and 8 provided suitable root
number and root length for mass plantlet production. They
were, therefore, considered to be efficient rooting media for
M. alternifolia (Figs. 2, 3).

In this study, selected trees of M. alternifolia were used as
explant sources. The optimal explant initiation medium
was MS 1/2 + BA 0.6 mg L' + NAA 0.1 mg L™' +
sucrose 30 g L', which yielded an initiation rate of
75.9 %. Zhang et al. (2000) used aseptic seeds as explants.
However, the phenotypic characteristics of seedlings are
difficult to predict because the seeds do not necessarily
inherit all of the desired characteristics of the mother tree.

The optimal multiplication medium for M. alternifolia
was MS + 0.3 mg L™' BA+0.15mg L™ NAA +30 g
L' sucrose, which yielded a 4.3-fold multiplication rate
and produced shoots of 3.2 cm height. Zhou et al. (2001)
used the same basal MS medium supplemented with BA

Plantlet hardening and transfer

The survival rate of M. alternifolia was 98 % (Fig. 4).

Table 2 The effect of four different media on shoot multiplication of M. alternifolia

Medium Medium BA (mg LY NAA (mg L™ Multiplication Shoot height Growth status

No. rate (cm)

3 MS 0.6 0.1 8.9 £+ 0.5a 1.1 £ 0.2bc Too many new buds; non-
elongated shoots; green leaves

4 1/2MS 0.6 0.1 3.4 £+ 0.2b 0.8 & 0.1c Optimal amount of new buds; non-
elongated shoots; chlorotic
leaves

5 MS 0.3 0.15 4.3 £+ 0.2b 3.2 +0.1a Optimal amount of new buds;
elongated shoots; green leaves

6 1/2MS 0.3 0.15 2.1 £ 0.1c 1.5 £ 0.1b Less new buds; optimal elongated

shoots; chlorotic leaves

Means (£standard error) with different letters within a column are significantly different at P < 0.05 using ANOVA and Tukey’s test
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Table 3 The effect of four different media on root induction of M. alternifolia

Medium Medium IBA (mg  Average rooting  Average root number per Average root Growth status
No. L™h rate (%) individual (root) length (cm)
12MS 0.1 100 3.32 £ 0.097a 1.36 £ 0.019b Vigorous growth
12MS  0.25 100 2.94 £+ 0.096b 1.44 £+ 0.015a Vigorous growth
1/2MS 0.5 0 0 %+ 0.00c 0 + 0.00c No root; no elongated shoot;
chlorotic leaves
10 1/2MS 1.0 0 0 %+ 0.00c 0 £ 0.00c No root; no elongated shoot;

chlorotic leaves

+Shows value of standard error from treatment mean. Different letter(s) after data within a column represent statistically significant difference

among treatment means at P < 0.05 using Tukey’s test

Fig. 2 Rooted plantlets of M. alternifolia

Fig. 3 Eligible plantlets of M. alternifolia for transplant

and NAA, but the concentrations of the plant growth reg-
ulators (PGRs) in that study were different. The multipli-
cation rate (2.0) obtained by Zhou et al. (2001) was lower
than that of our study, and it needed subculture in an
additional medium to produce robust shoots. Oliveira et al.
(2010) tested WPM and MS, but necrosis occurred on both
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Fig. 4 Survived plantlets of M. alternifolia

of these media, especially WPM. They used liquid med-
ium, but we did not attempt this method because shoots
were curved in our previous experiment (data not shown),
and this proved unsuitable for rooting.

The optimal rooting medium for M. alternifolia was 1/2
MS + 0.1-0.25 mg L™ IBA + 15 g L™ sucrose, which
yielded 2.9-3.3 roots per rooted individual and roots that
were 1.36-1.44 cm in length. In order to save the pro-
duction cost, we can supplement 0.1 mg L™" IBA in the
rooting medium. Zhou et al. (2001) used the same basal
medium, 1/2 MS supplemented with IBA, but the con-
centration of PGR was higher than that of the current study,
and so would cost more in plant production. Oliveira et al.
(2010) adopted MS without PGR as the rooting medium,
obtaining 2.3 roots per individual, which is less than that of
our study, 2.9-3.3 roots. A low concentration of IBA was
beneficial to increase root numbers.

Kiong et al. (2007) studied callus induction of M.
alternifolia. It is not desirable to regenerate plantlets from
callus because it requires an additional medium to induce
the callus and the technique can potentially allow the
emergence of somaclonal variation (George 1993;
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Trueman and Richardson 2007). Wu et al. (2001) used
1-year-old seedlings as the explant source. It is difficult to
determine whether the stock possessed desired character-
istics (i.e. high content and high quality of essential oil)
because the content of essential oil extracted from 1-year-
old M. alternifolia is unstable and lower than that of mature
individuals. A rooting rate of 93 % can be achieved by
supplementing ABT (a rooting reagent produced by the
China Academy of Forestry) at 2.0 mg L™' and IBA at
0.4 mg L™ in the medium (Wu et al. 2001), which is
slightly lower than that of this study (100 %) in which IBA
was added at 0.1-0.25 mg L™".

The local red-core soil in this study provided suitable for
plantlet hardening and yielded a 98 % survival rate. This
soil was in expensive and easy to obtain, and it was also
easy to disinfect. Cai et al. (2006) used M. alternifolia
shoots as micro-cuttings and treated the shoots with
1000 mg kg~ ' IBA, then inserted the cuttings into artificial
medium containing perlite, red-core soil and peat (1:1:1),
obtaining 92 % rooting. The disadvantages of micro-cut-
ting propagation are that the technique is limited in spring,
the artificial medium is expensive, and the survival rate is
low compared with that in our study.
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