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ABSTRACT

Dendrocalamus asper is a species of bamboo that has high commercial value and is
the bamboo of choice for large scale agro-forestry plantations in the tropical regions
of the world. Micropropagation using tissue culture is essential to generate uniform
clones that are amenable to establishment in industrial agro-forestry projects for
bamboo biomass, habitat restoration or in carbon sequestration. This paper reports
on the establishment of D. asper invitro using commercially available seeds. The
seeds were surface sterilized using three different chemical agents which were
Sodium Hypochlorite (20%), Mercuric Chloride (0.1%) and Ethanol (70%) followed by
shoot initiation on Murashige and Skoog (MS) medium supplemented with 6-
Benzylaminopurine (BAP) with a concentration ranging from 1.0 — 5.0 mg/L.
Propagules were multiplied on MS media supplemented with different concentration
of IBA Indole-3-Butyric Acid (IBA) and Naphthalene Acetic Acid (NAA), and finally
rooted and hardened in peat moss. The findings of our study indicate that the
sterilization protocol eliminated all the plant pathogens, resulting in an axenic
culture. Full strength MS medium supplemented with 5 mg/L BAP yielded the highest
number of shoots (11.46 per explant) after four weeks of inoculation. The highest
multiplication rate (3.95 shoots per explant) was obtained on MS medium
supplemented with 3 mg/L BAP. The time required from initiation to hardening was
70 to 90 days, following which the plantlets were ready for field trials. The findings
of this study will facilitate the establishment of plant tissue culture programmes
dedicated to the production of D. asper locally, thus eliminating the need for imports
and the possible entry of plant pathogens that can be detrimental to the local agro-
forestry industry.
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Introduction

Micropropagation of bamboos is accepted as one of the standard methods for
the large-scale multiplication of bamboo clones with desirable characteristics.
This is achieved by germination of seeds in vitro (Lv et al., 2021) to overcome
the low germination rate of bamboo seeds using conventional approaches, by
the in vitro establishment of axillary shoots (Sandhu et al., 2018), the induction
of callus tissue (Obsuwan et al., 2019; Zang et al., 2016) and organogenesis (Dey
et al., 2020). Methods developed for the micropropagation of bamboo must be
optimized based on the variety and the type of the tissue (Ara et al., 2020) and
this is achieved by the fine tuning of the components of the culture medium as
well as the selection of the appropriate concentrations of the carbon sources
(Yasodha et al., 2008), the concentration and the ratio of the phytohormones
(Venkatachalam et al., 2015), and the mitigation of the activity of polyphenol
oxidases in vitro that can contribute to abscission of growing tissue (Huang et
al., 2002). Micro propagated bamboo is a downstream product of the
biotechnology industry that can be genetically modified for further
improvement to improve its growth characteristics (Ranjan, 2021) and
contribute to food security (Bhardwaj et al., 2023) in alignment with the United
Nations Sustainable Development Goals. One of the major challenges associated
with the propagation of bamboo is the lack of seeds. Bamboo stands undergo
flowering followed by mass mortality and most of the seeds are not viable. This
has led to micropropagation of viable seeds being the method of choice for mass
propagation of bamboo. This study set forth to establish a protocol for the large-
scale multiplication of a commercial variety of Dendrocalamus asper within the
context of a limited time frame to ensure that it can be upscaled for industrial
production of bamboo clones locally to support the rural economy and
contribute to food security. Dendrocalamus asper is a fast-growing species of
bamboo that is cultivated both for industrial application and consumption.
Bamboos are monocarpic and flower only once in 30 to 120 years, thus making
it extremely difficult to source seeds for establishment of commercial
plantations, per hectare is 9000 kgs per year and the most widely adopted
method for propagation is via cuttings or to a lesser extent micropropagation.
Previous attempts to establish Dendrocalamus asper in vitro relied on the use of
a single concentration of MS medium with variable concentrations of 6 BAP (Arya
et al., 2008) and this protocol was tested in order to establish the commercial
variety of Dendrocalamus asper in vitro prior to optimizing the culture
conditions.
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Material and methods

The micropropagation experiments for the Dendrocalamus asper bamboo
species were conducted at the plant invitro laboratory located at the
Biotechnology Research Institute, Universiti Malaysia Sabah from March to
November 2022. The methods of growing bamboos through tissue culture were
conducted following a protocol using seeds as a source of explants. The seeds
were dehusked and washed under running tap water for 15 min. Surface
disinfection was done with 0.1% Mercuric Chloride (HgClz) for 3 min, 70% Ethanol
for 15 min, and followed by 20 % Sodium Hypochlorite (NaOCl) for 10 min with
the addition of a 0.1% V/v of the surfactant Tween 20. The seeds were rinsed
four times with sterile distilled water and placed on an oscillating shaker to
ensure an even complete disinfection of seeds. Sterile filter paper was used to
remove the extra moisture on the seed surface. The disinfected seeds were
germinated in 100 mL tissue culture flasks containing 35 mL of germination
medium [MS medium supplemented with 100 mg/l myo-inositol, 30 g/l sucrose,
5.6 g/L Gelrite (Duchefa Biochemie), and 1.0-5.0 mg/L 6-BAP for a duration of
28 days. Propagules were separated carefully and were transferred on to two
types of multiplication media (MS and half-strength MS) on day 22, and sub
cultured on fresh media on days 14,21, 35, 46, and 60. Optimization of media
for rooting in vitro was done by transferring single shoots to semi solid half-
strength MS medium supplemented with different concentration of IBA Indole-
3-Butyric Acid (IBA) and Naphthalene Acetic Acid (NAA) for 28 days. After rooting
in vitro, the shoots with roots were taken out of the culture bottle carefully
without damaging the roots. The roots were washed gently under running tap
water to eliminate the culture medium. The plantlets with roots were
acclimatized in peat moss (Kekkila, Finland) for hardening and maintained at
25°C + 2°C under continuous light with an intensity of 30 pmol/ pmol/m2/s
provided by cool-white 40 W fluorescent tubes (Philips) for 28 days. The pH of
all culture media was adjusted to 5.8 + 0.1 with 0.1 N NaOH or 0.1 N HCl prior
to the addition of Gelrite, followed by autoclaving at 121°C for 20 min at 15 PSI.
The experimental design for plant tissue culture was completely randomized
and composed of 30 replicates per treatment for shoot initiation and
proliferation, while 20 replicates were for rooting. The shoot formation, leaf
formation, root formation, and the number of shoots, leaves, or roots were
recorded visually and measured using a vernier calliper during each subculture.
All the data were subjected to analysis of variance (ANOVA) performed in IBM
SPSS statistical software Version 28.0. Significance differences between the
means were assessed by Tukey’s post hoc test at p < 0.05.
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Results and Discussion

The process of disinfection of seeds using the three chemical agents in
combination with continuous washing in sterile distilled water and de-husking
of the seeds to remove the fibrous seed coat resulted in the elimination of
microbial contaminant in the culture media. The establishment of an axenic
culture of bamboo is critical to the reproducibility of the protocol as the
microbes (Banik et al., 2018; Collinge et al., 2021; Djami-Tchatchou et al., 2022)
that are cocultured with the target plant can produce a wide range of bioactive
compounds that can serve as growth promoters or inhibitors and confound the
interpretation of the results. Mercuric chloride at a concentration of 0.1% is
ideal for the elimination of microbes and has been reported in other studies
(Hypochlorite et al., 2021; Josephine U Agogbua & Bosa E Okoli, 2022), however
caution should be exercised when working with Mercuric Chloride as it is a
harmful chemical agent that must be eliminated completely from the culture
medium by repeated washing followed by proper disposal. The seed husk serves
as a matrix for fungal spores that may resist disinfection by chemical agents,
and the removal of this outer layer of husk also contributed to the successful
establishment of seeds during the first stage.

: e — MS medium was used at two different
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Figure 1. Evidence of abscission in
Dendrocalamus asper plantlets cultivated
on full-strength MS medium 10 days after
subculture.
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The problem of tissue necrosis in long-term culture was reduced significantly by
using half-strength MS medium. The reason for the reduction in necrosis and
abscission in lower strength of MS media is the presence of high concentration
of micronutrients. One of the possible alternatives will be to optimize a novel
medium for bamboo using response surface methodology.

The results of the germination of seeds followed by the development of
seedlings using the cytokinin BAP after four weeks of culture are documented in
Table 1. The number of shoots were determined to be independent of the
concentration of 6-BAP. A similar observation was made with reference to the
number of leaves at the tested concentration of 6 BAP.

Table 1. Effect of BAP concentrations in MS medium on development of shoot and leaves
from single seed. Data recorded after 4 weeks of culture.

6-BAP concentration  Shoot length (cm) Number of shoots Number of leaves
(mg/l)
0.0 2.93+1.11a 1.0:0.0d 5.37+1.94a
1.0 2.47+0.85a 2.06+0.77d 4.65+1.51a
2.0 1.52+0.72b 4.89+0.57c 2.62+0.91b
3.0 1.48+0.41b 7.2+1.44b 2.29+0.82b
4.0 1.08+0.20bc 10.86+0.85a 1.70+0.55bc
5.0 0.96+0.23c 11.46x0.47a 1.49+0.50c

Values are means + SE (Standard Error) of 30 replicates. Data scored after 4 weeks in culture.
Means followed by the same alphabet (a, b, c) do not differ significantly by Tukey’s test (p <0.05)

The objective of the first stage of tissue culture was to increase the number of
shoots, without compromising the number of leaves, and it was concluded that
the optimum concentration of BAP was 4 mg/l that yielded a lower number of
shoots (10.86) with an increased number of leaves. Studies in other species of
bamboo have revealed that 6 BAP is the ideal for mass propagation of bamboo
and can be used in combination with the auxin Kinetin (Khare et al., 2021),
however for the purpose of the development of this protocol, Kinetin was
eliminated due to the high cost, making it not suitable for commercial projects.
The previous study (Arya et al., 2008) reported that full strength MS medium
could be utilized throughout the process of micropropagation, but based on the
observations made during this study, the use of half strength MS medium
resulted in a decrease in the formation of necrotic tissue. One of the possible
explanations for this is that seeds derived from different locations are likely to
have genetic and epigenetic variations that can influence the process of invitro
establishment and propagation. Thus, future research work must consider the
geographic origin of the germplasm prior to establishment in vitro.
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The new shoots were separated into individual propagules comprising one shoot
and its associated root from the in vitro-developed shoots for subculture into
different concentrations of BAP for 14 days. The highest multiplication rate of
3.95 shoots per propagule was recorded in MS medium with 3 mg/L (Table 2).

Table 2. Effect of BAP concentration in MS medium on shoot multiplication. Propagules
consisting of one shoot and its associated root were cultured and data recorded after 4
weeks of inoculation (+ SE). Three propagules were inoculated in a single tissue culture
jar.

6-BAP concentration (mg/l) Shoot length (cm) Number of shoots
0.0 3.37+0.862 1.0£0.0¢
1.0 2.860.51P 6.68+0.89¢
2.0 1.75+0.61¢ 18.37+1.0124
3.0 1.55+0.35¢ 28.4610.452
4.0 1.23+0.24de 25.9:+0.97°
5.0 1.11£0.22¢ 24.231.12°

Green multiple shoots with 3 propagules were further sub-cultured into different concentrations of 6 -BAP for
14 days. Values are means + SE of 30 replicates. Data scored after 4 weeks in culture.
Means followed by the same alphabet (a, b, c) do not differ significantly by Tukey’s test (p <0.05)

Therefore, 3 mg/L BAP was selected for further proliferation. Subculturing was
initiated every 2 weeks. The increase in shoot number was observed until the
fourth subsequent subcultures, after which it declined in the fifth subculture
(as shown in Table 3). In the present study, BAP was found to be effectual for
shoot multiplication. These findings are consistent with those reported by
(Suwal et al., 2020) and (Hiswan et al., 2020). To conclude, the use of a single
auxin at lower concentration was determined to be ideal for the D. asper variety
selected for this study.

Table 3. Effect of subsequent subculture on multiple shoot proliferation in MS basal
medium supplemented with 3.0 mg/L BAP.

Subcultures Number of shoots Length of shoots (cm)  Multiplication fold
15t subculture (14d) 9.98:0.28e 1.55£0.82e 3

2" subculture (21d) 20.91+0.098d 2.12+0.43d 2.09

3rd subculture (35d) 26.58+0.19c 3.8120.51c 1.27

4th subculture (46d) 35.3320.13a 6.61:0.29a 1.16

5t subculture (60d) 30.3£0.11b 5.01+0.74b 1.13

Means followed by the same alphabet (a, b, c, d, e) do not differ significantly by Tukey’s test (p <0.05)

The rooting stage is crucial for the establishment of plants in the field and the
induction of a large network of roots can be promoted by the usage of auxins.
Two auxins, 1-Naphthaleneacetic acid (NAA) and Indole-3-butyric acid (IBA)
were used in various combinations (Table 4) (Figure 2) and it was determined
that the optimum concentration was 0.5 mg/l of IBA based on the rooting
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percentage (90%), the average number of roots in a clump (16.65) and the length
of the roots (4.15 cm).

Table 4. Effect of different concentration of IBA and NAA on rooting of in vitro raised shoots
D. asper. Data recorded after 4 weeks of inoculation (+ SE).

Plant growth regulator (mg/ l)

Rooting (%)

No. roots in clump

Root length

IBA NAA (Mean = SE) (cm)
0 0 0 0.00" 0.00f

0.5 96 16.65+0.522 4.15 + 0.752

1.0 81 9.9+0.30b¢ 3.35 £ 0.27°

3.0 82 7.7+0.45¢ 2.45 + 0.51¢

5.0 75 3.83+0.24f 2.0 + 0.49<

7.0 63 2.82+0.36f 1.25 + 0.31de

10.0 54 1.75+0.618 0.62 £ 0.37¢"
0.5 60 3.75+0.53f 0.45 + 0.30M
1.0 68 8.05+0.44de 1.0 + 0.29f¢
3.0 80 10.85+0.58P 2.37 + 0.49¢
5.0 76 9.3+0.69 1.37 + 0.50¢f

Values are means + SE of 20 replicates. Data scored after 4 weeks in culture.
Means followed by the same alphabet (a, b, c, d, e, f, g, h, i) do not differ significantly by Tukey’s test (p <0.05).
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Figure 2. Effect of different concentrations of IBA and NAA on rooting of in vitro raised
shoots D. asper. for 4 weeks. Values are Mean +SE of 20 replicates. Bars denote the standard

error (SE).

We concluded that IBA is more effective than NAA in establishing a high number
of roots per clump. Studies involving other species of bamboo are indicative that
the concentration of auxin varies from species to species (Yasodha et al., 2008)
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(Sharothi et al., 2022) and this may be dependent on the tissue type as well as
the genetic factors that are likely to differ based on the species.

The final stage involved hardening of the tissue culture plantlets in a climate-
controlled greenhouse and finally transferring the propagated plantlets for field
testing. The complete process from the establishment of seeds to the final stage
of hardening is summarised in Figure 3. The methods established in this study,
can be applied for the mass propagation of D. asper in Sabah and can be
extended to other species of bamboo.

Figure 3. (a) Seedlings growth in MS medium (no Plant Growth Regulators). (b) Initiation
of multiple shoots on MS + 3 mg/L BAP. (c) Proliferation of numerous shoots after 2 months
on MS + 3.5 mg/l BAP. (d) Clusters of adventitious shoots after 3 months on MS + 3.5 mg/l
BAP. (e) Root induction on MS + 0.5 mg/L IBA. (f) Root induction on MS + 3.0 mg/L NAA. (g)
1 month old, hardened plant in greenhouse. (h) 4 months old, hardened plant.

Conclusion

This study successfully developed a protocol for the large-scale production of
D., asper from commercial seeds that were reproducible and yielded clones
within a period of two months. Future research will focus on field trials and the
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selection of field grown plants with desirable phenotypes for the establishment
of elite lines of plants.
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