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Tissue Culture of Red Bayberry, A New Industry for Australia
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Summary

The successful establishment and propaga-
tion of red bayberry (Myrica rubra) in vitro
cultures require precise optimization of ini-
tiation, multiplication, and rooting stages.
This study aimed at developing a high-
throughput clonal propagation system for
red bayberry. Here, the influence of stem
growth stage, seasonal variation for clean
culture initiation success and tissue culture
media composition for bud induction, mul-
tiplication and rooting were evaluated.

Un-hardened red stems consistently outper-
formed semi-hardened stems, achieving a
maximum clean culture establishment rate
of 90% compared to a 10% maximum for
semi-hardened stems across four rootstocks
trialled in the study. Seasonal analysis re-
vealed summer and autumn as the optimal
material collection periods, with overall
success rates of 47.25% and 45%, respec-
tively. Media optimization during the initi-
ation phase enhanced axillary bud vigour,
addressing initial poor growth observed on
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BBO01 media. Multiplication challenges, in-
cluding chlorosis and shoot die-back, were
mitigated using 109.1 media, which sup-
ported robust shoot quality and a multipli-
cation rate of 2,244-fold, over seven sub-
culture cycles for the tested genotype. Root-
ing experiments demonstrated an efficient
auxin treatment protocol, achieving 100%
rooting success within six weeks without
adverse effects on shoot quality. Rooted
plants acclimatized successfully under

INTRODUCTION

Myrica rubra, commonly known as Chi-
nese bayberry or yangmei, belongs to the
Myricaceae family. The genus Myrica, to
which M. rubra belongs, comprises approx-
imately 50 species globally, many of which
are found in temperate and subtropical re-
gions. M. rubra is the most economically
significant species within this genus (Zhang
et al., 2015). This species holds significant
horticultural, economic and cultural im-
portance in East Asia, particularly its native
region of China (Mo et al., 2024). M. rubra
is a dioecious, evergreen tree characterized
by its vibrant bright red to dark purple
sweet-tart fruit that has a unique textural de-
light, which is highly valued for its unique
flavor and nutritional benefits. The taxon-
omy of this species has been well-studied,
revealing its close genetic relationships
within the Myricaceae family and its adap-
tation to various climatic conditions. It has
a long history of cultivation and usage in
traditional medicine, making it a subject of
growing interest for both agricultural and
scientific communities (Zhang et al., 2022).

Myrica rubra is a dioecious species,
meaning that individual trees are either
male or female. This characteristic necessi-
tates the presence of both male and female

misting conditions, reached 100% survival
and vigorous growth post-acclimatization.
These findings establish a compre-
hensive commercial tissue culture protocol
for red bayberry, from initiation to nursery
transfer, demonstrating potential for large-
scale propagation. This research provides
critical insights into optimizing in vitro sys-
tems for woody perennials, enhancing their
application in horticultural biotechnology.

plants for successful pollination and fruit
production. The tree typically reaches a
height of 10 to 20 meters, with a broad,
dense canopy. The leaves are leathery, lan-
ceolate, and dark green, measuring 5 to 12
cm in length. The flowers are small, incon-
spicuous, and appear in early spring. The
fruit is a drupe, 1.5 to 2.5 cm in diameter,
with a rough, waxy surface and a vivid red
to dark purple color when ripe (He et al.,
2016; Jia et al., 2019; Liu et al., 2014). The
tree thrives in well-drained, acidic soils and
prefers a subtropical climate with moderate
rainfall and mild temperatures. Traditional
cultivation methods have been employed
for centuries, but recent advancements in
agricultural practices are being adopted to
enhance yield and fruit quality (Wang et al.,
2017).

Propagation of red bayberry (RB) is
commonly done through grafting, which
ensures the consistency of desirable traits
such as fruit size, taste, and color. Seed
propagation is less common due to the ge-
netic variability and the extended time re-
quired for trees to reach fruit-bearing age
(Chenetal., 2008; Fang-Yong and Ji-Hong,
2014). RB is a difficult to root woody spe-
cies with no commercial success in rooted
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cuttings as a propagation method. In China
propagation is achieved through grafting. It
takes 1.5 years to raise rootstock seedlings
and also suffers with inefficiencies due to
low/variable seed germination rates (50-
60% maximum). Graft is also problematic;
success depends on optimum budwood con-
dition making the propagation process
highly inefficient (Perkins, 2014).

The primary challenge for the pro-
gression of the RB industry in Australia is
the "lack of efficient propagation technol-
ogy" (Joyce and Sanewski, 2010; Perkins
and Joyce, 2018). RB is an outcrossing
woody species, meaning that genetically di-
vergent seeds from parent plants are unsuit-
able for commercial cultivation. Vegetative
propagation, which replicates exact genet-
ics, is crucial to maintaining consistent fruit
characteristics such as colour, flavour, and
post-harvest qualities that are vital for mar-
ket success. (Perkins, 2014).

Micropropagation presents a prom-
ising alternative for the mass production of
RB plants with desirable characteristics. By
exploiting the inherent totipotency of plant
cells, micropropagation enables the regen-
eration of numerous identical plantlets from
a small explant, such as a shoot tip or leaf
segment. Moreover, the use of tissue cul-
ture techniques allows for the production of
disease-free plant material, thus reducing
the risk of pathogen transmission and en-
suring the establishment of healthy or-
chards and landscapes (Hiti-Bandaralage,
2019; Hiti-Bandaralage et al., 2017).

The successful micropropagation of
RB relies on the optimization of several key
factors, including the selection of suitable
explant sources, the development of appro-
priate culture media formulations, and the
manipulation of growth regulators to induce

shoot proliferation and root formation. Ad-
ditionally, the establishment of proper envi-
ronmental conditions, such as temperature,
light intensity, and humidity, is crucial for
the in vitro growth and development of the
plantlets. To date commercial tissue culture
propagation of this recalcitrant species is
not found anywhere in the world due to the
less efficient protocols for it to be viable
with respect to consistency of results as
well as economic feasibility.

This manuscript presents the latest
advancements in developing a commer-
cially viable tissue culture platform for the
mature rootstock MRO06. The developed
protocols and some specific details are
withheld due to high commercial value and
project funders’ agreements. However, the
results are presented in detail where possi-
ble to benefit the scientific community by
highlighting the availability of this ad-
vanced tissue culture platform and to attract
prospective future collaborations. The de-
veloped tissue culture platform holds sig-
nificant potential not only for the propaga-
tion of Myrica rubra but also for its conser-
vation and genetic improvement, under-
scoring its economic and ecological im-
portance.

MATERIALS AND METHODS
Explant Sterilisation

Elite RB rootstock mother plants were
maintained in grow bags with irrigation at a
private property in Brisbane, Queensland,
Australia. Three days prior to stem section
collection, the mother plants were treated
with 1 g/L Mancozeb, systemic fungicide.
Initial efforts to establish an effective steri-
lization process began in mid-summer (Jan-
uary), using 10 cm softwood stem sections
with all leaves removed. A series of exper-
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iments were conducted to optimize the ster-
ilization process, involving various pre-
treatments (e.g., 1 g/L fungicide-Mancozeb
soak for 1-24 hours, hot water treatments,
and soap water soak), followed by standard
70% ethanol washes and bleach treatments
at different concentrations and durations.

However, the material proved to be
highly sensitive to ethanol and bleach, often
resulting in successful sterilization at the
cost of losing bud viability. After numerous
trials, the following procedure was identi-
fied as the most effective, yielding at least
20% clean cultures with viable axillary
buds.

Optimized Sterilization Procedure

a) Remove all leaves by snipping and col-
lect 5-7 stem sections into a 500 ml tall con-
tainer filled with 200 ml of a 1 g/L solution
of systemic fungicide Mancozeb.

b) Incubate the stem sections in the fungi-
cide solution for 24 hours.

c) Decant the fungicide and add 2 ml of an-
tibacterial hand soap to the container. Add
approximately 300 ml of 40 °C water and
gently shake for 10 minutes. Decant the hot
soapy water solution and repeat the hot
soapy water washing step one more time.

d) Decant the hot soapy water solution and
wash the stem sections under running tap
water for 30 minutes.

e) After the tap water wash, transfer the
container with washed material into a lami-
nar hood. Under sterile conditions in a lam-
inar hood, add 400 ml of 70% ethanol to the
container and gently shake for 3 minutes.

f) Decant the ethanol and wash three times
with sterile distilled water.

g) Add 2 drops of Tween 20 solution onto
the stem sections and add 300 ml of a 4%

commercial bleach solution (Concentrate
containing 42 g/L sodium hypochlorite, and
9 g/l NaOH; active chorine 4.0% m/V).
Shake gently for 3 minutes.

h) Decant the bleach solution and wash 5
times with sterile distilled water to remove
all traces of bleach.

After sterilization, stem sections
were cut into 1-1.5 cm nodal sections, en-
suring each section contains at least one ax-
illary bud. The nodal sections were inocu-
lated into BB01 media (Commercial IP not
disclosed) contained in test tubes (one
nodal section per tube). Inoculated cultures
were then incubated for 7 days and meticu-
lously inspected them for any signs of fun-
gal or bacterial growth. Bacterial or fungal
contaminations were discarded and clean
cultures were continued to maintain under
the optimum incubation conditions for up to
4 weeks.

Initiated clean cultures were incu-
bated under fluorescent lights with light in-
tensity of PAR 575 uW/cm? with 16 h light
and 8 h dark regime. The temperature of the
growth room was maintained at 25 °C + 1
oC.

Mother Plant Quality Assessment

Initially four different rootstocks were sub-
jected to the assessment: MR06, MRO07,
MRO09 and MR24. Two different types of
material; semi hardened green stems and
red soft stems were collected from each
rootstock to identify the type of material
suitable for tissue culture initiations. To as-
sess the quality of plant material in different
growth cycles, initiations were carried out
in all four seasons to understand any sea-
sonal effect on establishment of clean cul-
tures and viability of axillary buds in cul-
ture. The optimized sterilization procedure
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explained above was used for all experi-
ments.

Optimisation of Initiation Media

A series of experiments were conducted
with MRO6 rootstock to optimize initiation
media that can support fast axillary bud
growth. Due to the high commercial value
of the protocols developed, the media com-
position is not presented in detail for this
manuscript. The factors included the type of
cytokinin used, concentration of cytokinin,
combination of cytokinin with one-two
types of auxins, sugar type and concentra-
tion, other additives such as coconut water,
banana pulp and potato extract tested in in-
dependent experiments. Effect of different
light spectrums (red/far red/blue) on bud in-
itiation and growth were also tested (data
not presented).

Optimisation of Shoot Multiplication

Clean cultures established were used to ex-
cise 0.1 — 0.5 cm shoot tips for multiplica-
tion. A series of independent experiments
were conducted to test individual factors;
basal media, type of cytokinin, concentra-
tion of cytokinin and combination of cyto-
kinin and auxin to achieve commercially vi-
able multiplication rates. Ten tubs from
each multiplication cycle were randomly
collected to calculate the multiplication rate
(number of explants produced/number of
explants used) for each subculture cycle to
identify the best media formulation and
plant growth regulator (PGR) combination.

Optimisation of Root Induction

MRO06 shoots cultured and elongated on
109.1 media with at least 3 open leaves and
about 1 — 1.5 cm length were subjected to
rooting treatment. Rooting trials were car-
ried out as in vitro agar based rooting trials
with the use of different concentrations of
naphthaleneacetic acid (NAA), indole-3-
butric acid (IBA) or indole-3-acetic acid
(1AA) as rooting hormones. Once the effec-
tive type and the concentration of auxin
were identified in individual experiments
the effect of charcoal at 1 g/L concentration
was also trialed to improve the root number
and growth vigour of the plantlets.

Acclimatisation of Rooted Plantlets

MRO6 rooted plants were removed from
agar medium and directly planted into 50
mm net pots filled with seed raising potting
mix added with perlite at 3:1 ratio. Plants
were maintained in a misting chamber at
100% humidity for 7 days and at 65-70%
humidity thereafter for another 3 weeks.

RESULTS AND DISCUSSION
Mother Plant Quality Assessment

The comparison between green semi-
hardened stems and red un-hardened stems
revealed that the higher success rate in
establishing clean cultures is associated
with newer young stems rather than older
stems. Un-hardened red stems achieved
over a 50% success rate in clean culture
establishment, while semi-hardened stems
from all four rootstocks recorded a
maximum of only 10% success (Table 1,
Fig. 1).
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Figure 1. Optimal growth stage of un-hardened red bayberry stems for in vitro culture suc-

Cess.

Table 1. Effect of growth stage on culture
initiation success.

Rootstock Percentage Percentage
clean culture, clean culture,
semi-hardened  un-hardened
stem stem
MRO06 10% 52%
MRO7 9% 78%
MRO09 3% 90%
MR24 0% 53%

The higher success rate observed
with un-hardened red stems aligns with
findings from other woody perennials,
where newer growth often exhibits superior
culture establishment due to reduced
microbial contamination and higher

physiological activity (Leelavathy and
Sankar, 2015). Similarly, studies on
avocado and grapevine have demonstrated
the pivotal role of growth stage in tissue
culture success, underscoring the advantage
of juvenile/lyoung tissues for optimal in
vitro outcomes (Cyndi, 2023; Hiti-
Bandaralage et al., 2022). These results
emphasize the critical need for precise
selection of donor plant material to
maximize clean culture establishment rates
and propagation efficiency.

The season in which the material
was collected had a significant impact on
the percentage of clean culture
establishment for red bayberry (Fig. 2). The
highest percentages of clean cultures were
achieved in the summer and autumn
seasons, with overall success rates of
47.25% and 45%, respectively, as a
cumulative average across all varieties and
multiple initiation trials.
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Figure 2: Percentage of clean culture establishment in different growth seasons for red bay-

berry.

The significant seasonal impact on culture
establishment aligns with findings in
woody perennials, where summer and
autumn promoted active growth and
reduced microbial contamination. Seasonal
variations affect endogenous hormone
levels and microbial load, enhancing tissue
responsiveness and clean culture rates
during these periods, as observed in mango
and fig tissue culture studies (Ray and
Savage, 2021).

Red bayberry initiation was successful
using BBO1 media, but the growth of the
axillary buds was notably slow and
exhibited poor vigor. The series of
optimisations could improve the growth
vigour of the axillary buds (Figure 3).
Similar obasevations were made by Asghari
et al. (2013) highlighting the importance of
fine optimisation of sterilisation process
and initiation media for success with red
bayberry.

Figure 3. Bud breaking and shoot quality improvement by fine optimization of initiation me-
dia composition. (A to F) are shoot development at 2 weeks in different initiation media from
inoculation.
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Several problems were encountered in the
multiplication stage of red bayberry. Chlo-
rosis, shoot die-back and stunted growth
were common to many of the formulations
trialed in multiplication experiments. The
best shoot quality and multiplication was
achieved with media formulation 109.1
which resulted in best quality shoots with
highest multiplication rates over the 8 sub-
culture cycles (Fig. 4). The multiplication
rate achieved over the 7 subculture cycles

starting from a single shoot tip was almost
close to 2500 times (Table 2). Asghari et al.
(2013) in their study recorded 5.6 — 6.8
maximum rate of shoot emergence, how-
ever, did not report the total multiplication
factors for long term culture required for
commercial tissue culture process. Woody
plants in general are difficult to be main-
tained in continuous subculture with high
multiplication rates and good health (Hiti-
Bandaralage, 2019).

Figure 4. Successful shoot multiplication of MRO6 on 109.1 media.

Table 2. Multiplication rate for MR06 with 109.1 media from initiation to 7 subculture cy-

cle.
Initiation | lo- T1- | T2-| T3- | T4-T5 | T5-T6 | T6-T7 | T7-T8 | Total multipli-
(lo) T1 T2 | T3 | T4 cation per shoot
tip initiated
1 1 2 45 |2 4.5 2.6 3.2 3.33 2,244

In general, woody plants display leaf defo-
liation, tip die back or necrosis when sub-
jected to rooting treatments with auxins
(Hiti-Bandaralage, 2019; Xue et al., 2023).
Treatments applied on MRO6 shoots did not
have any adverse effect on shoot quality

such as leaf defoliation, tip die back or ne-
crosis. At 3 weeks from inoculation into
rooting media, root initiation was visible
(Fig. 5). The best treatment recorded 80%
rooting at 3 weeks and 100% rooting at 6
weeks.
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Figure 5. Rooting of red bayberry genotype MR06. A1) Microcuttings inoculation to rooting

media and A2) Rooted plantlets.

Red bayberry plants developed a good root
system within 6 weeks of rooting treatment.
These plants acclimated with 100% sur-
vival under misting conditions. After 4
weeks, roots emerged from the pot and
shoot growth was visible with new leaves
(Fig. 6). The only significant work pub-
lished on Myrica rubra propagation do date
is by Asghari et al. (2013), who focused on
two commercial cultivars, “Biji” and
“Dongkui”. For red bayberry tissue culture,
successful rooting and acclimatization have
only been reported by them and achieved a
95% rooting rate, demonstrating the im-
portance of high-quality shoots to ensure
successful multiplication and commercially
viable rooting rates.

Figure 6. Fully acclimatized MRO06 plant-
let ready to move to nursery for repotting.

CONCLUSION

This study emphasizes the importance of
optimizing plant material selection, sea-
sonal timing, and media composition for
successful red bayberry micropropagation.
Un-hardened red stems and summer/au-
tumn collections demonstrated superior
clean culture establishment rates, supported
by physiological activity and reduced mi-
crobial contamination. Improved initiation
and multiplication media significantly en-
hanced shoot vigor, multiplication rates,
and rooting success, achieving nearly 2500-
fold multiplication. Rooting treatments pro-
duced high-quality plantlets with 100% ac-
climatization success. This research intro-
duces the first successful commercial tissue
culture protocol for the challenging red
bayberry species. These findings provide
crucial insights into overcoming culture es-
tablishment challenges, advancing the de-
velopment of efficient propagation methods,
and enabling large-scale production for hor-
ticultural purposes. The protocol will facil-
itate improved growth and mass propaga-
tion of red bayberry for commercial appli-
cations within and beyond Australia.
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