In vitro Mass Propagation of Dendrocalamus giganteus Munro,
the Giant Bamboo of Bangladesh

"Nusrat Sultana, ZMohammad Azhar Uddin, 'Saiful Alam Md. Tareq,
"'Waheeda Parvin, Md. Aktar Hossain and 'Md. Mahbubur Rahman

ISilviculture Genetics Division, Bangladesh Forest Research Institute,
P.O. Box No-273, Chattogram 4000, Bangladesh
’Institute of Forestry and Environmental Sciences, Chattogram University.
Chattogram — 4000, Bangladesh.
!Corresponding Author: mahbub_bfri90@yahoo.com

Abstract

Dendrocalamus giganteus is one of the biggest and largest bamboo of
Bangladesh which is locally known as bhudum bansh. The conventional
propagation methods of bamboos are not economically viable for large scale
production due to their scarcity of seeds, low multiplication rate, labor intensive
and high cost. In vitro propagation is becoming a promising tool for conserving
and mass propagation of different bamboo species. In this study establishment
of a reliable and reproducible protocol for the micro propagation of D.
giganteus from axenic culture of in vitro germinated seedlings has been
reported. Highest 83.33% seeds were germinated on MS (Murashige and
Skooge 1962) medium supplemented with 1.0 mg/l. BAP (6-benzyl
-amino-purine) after 7 days of culture. MS supplemented with different
concentrations (0.0, 1.0, 2.0, 3.0 and 4.0 mg/L) of BAP and Kn
(6-furfuralaminopurine) at evaluated either singly or in combinations for
multiple shoot production. Maximum 16.33 numbers of young shoots per
culture were recorded in medium supplemented with MS + 3.0 mg/L BAP +
1.0 mg/L Kn + 4% sugar + 2.75 g/L after 28 days of culture. Rooting ability of
the shoots was assessed in half strength MS media supplemented with different
concentrations (0.0, 1.0, 2.0, 3.0, and 4.0 mg/L) of IBA (Indole-3-butyric acid).
The highest rooting percentage (66.67%) was achieved from the half strength
MS medium supplemented with 1.0 mg/L IBA 2 after weeks of culture. The
rooted plantlets were successfully hardened in soil under greenhouse and
nursery of Silviculture Genetics Division, Bangladesh Forest Research
Institute. The survival percentage of tissue culture plantlets in nursery was
found to be 90-95% after 60 days of acclimatization. The protocol developed
through this study enable to produce large number of D. giganteus bamboo
seedlings for mass propagation in a short period of time.
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Introduction

Bamboo is one of the fastest growing, annually renewable and harvestable plants with highest
productivity and short harvesting cycle in the world. It has been highly honored for its multifarious
uses from time immemorial. This versatile plant has a great potential in poverty alleviation,
industrial and sustainable development in rural areas in Bangladesh. It has been considered as poor
man's timber for its diversified uses. The high utility of this woody grass has made it vulnerable to
the rural communities for making houses and paper manufacturing units where it is consumed as
a basic raw material. Currently, bamboo is also being used in furniture manufacturing as an
alternative of timber. As aresult, the demand of bamboos are increasing day by day which is vastly
exceeds the supply. Therefore, the gap between the supply and demand is to be narrowed by
large-scale production of bamboos. The greatest problem in the cultivation of this renewable
resource is the difficulty in raising propagules every year because of long and often unpredictable
flowering cycle (25-80 years).

Conventionally, bamboos are propagated through seeds, clump division, rhizome, offset and culm
cuttings (Banik 1994; 1995). However, gregarious flowering at long intervals followed by the
death of clumps (Austin and Marchesini 2012) short viability of seeds (Bereket 2008) presence of
diseases and some pests (Singh et al. 2013) are limiting factors to use seeds as dependable source
of propagation. Vegetative propagation methods have limitation for mass propagation i.e.
propagules are difficult to extract, bulky to transport and planting materials are insufficient in
number for large- scale plantation (Kassahun 2003; Mudoi et al. 2013). Seasonal dependence, low
survival rate and limited rooting of the propagules are other limitations (Singh et al. 2013). In fact,
vegetative propagation by rhizome or offset cuttings is an age-old practice but the method is
unsuitable for large scale plantations due to limited availability of rhizomes and offsets along with
the bulkiness, difficulties in extraction and transportation. The plantlets have also been found to
grow slowly (Hassan 1980; Rao et al. 1985) in plantations. Besides, the survival potential of
rhizome cutting is not always satisfactory and clumps lose their regenerative potential if more
rhizomes (3-4) are excavated from a single clump. Considering problems encountered in both
sexual and asexual propagation of bhudum bamboo (D. giganteus) as well as the growing interest
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of country’s economy and ecological benefit, a method for rapid large scale production of
bamboos is highly desirable.

So the present research has therefore been designed to develop an efficient and reproducible
regeneration protocol for the commercially important thick bamboo species D. giganteus using
shoot explants collected from the axenically developed seedlings.

Materials and Methods

Plant materials

In 2016, seeds of D. giganteus were collected from Mehergona Forest Range office campus, under
Cox’s Bazar North Division of Bangladesh Forest Department and stored at Silviculture Genetics
Division (SGD) of Bangladesh Forest Research Institute (BFRI) (Fig. 1). To maintain the seed
viability it was stored in plastic bag in refrigerator at 4°C temperature until use. Healthy seeds were
selected carefully and used for raising axenic culture through in vitro germination. The experiments
were carried out at the tissue culture laboratory and the nursery of Silviculture Genetics Division
BFRI, Chattogram, Bangladesh.

Figurel. Seeds of D. giganteus

Sterilization and in vitro seed germination

Collected seeds were surface sterilized to get rid of all microorganisms before inoculation.
Accordingly seeds were rinsed under running tap water for 40-60 minutes to remove debris and
dehusked. The dehusked seeds were rinsed in distilled water and soaked for 2 hours. Then the
imbibed seeds were washed by double distilled water (DDW) with 2-3 drops of Tween-20 for 12
minutes with agitation to physically remove most microorganisms and to remove some debris. The
seeds were then treated with 70% ethanol for 1 minute under laminar air flow cabinet. After
pretreatment with ethanol, the seeds were rinsed with autoclaved distilled water three times, to lower
the toxic effect of ethanol followed by treatment with 0.1% Mercuric Chloride (HgCl,) for 10 minutes
with gentle shaking. Finally the seeds were washed with DDW thrice to remove the traces of HgCl,.

Culture media and culture condition

The shoot tips collected from the axenic culture were inoculated onto MS medium comprising 3%
sucrose as carbon source and 2.8 gm/L gelrite as solidifying agent for initial growth. Various plant
growth regulators such as; cytokinins (BAP and Kn) and auxins (IBA and NAA) were used to
prepare MS medium for the in vifro seed germination, regeneration of multiple shoots and
development of roots from the base of excised shoots. The pH of the medium was adjusted to 5.8
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before addition of gelrite and sterilization. The medium was autoclaved at 1.08 kg/cm? pressure
and 121°C for 20 minutes. The cultures were incubated at 25+2°C under cool white and fluorescent
light 0o 2000-2500 lux, maintaining about 60-80% relative humidity and 16/8 hours light and dark
period in the growth chamber, respectively. These culture conditions were used in all the
experiments mentioned below unless otherwise stated. Observations were made at regular
intervals and tabulated.

In vitro seed germination and multiple shoots production

MS medium supplemented with or without different concentrations of (0.0, 0.5, 1.0 and 1.5 mg/L)
BAP was employed to find out suitable seed germination medium. Germinated shoots were
multiplied in MS medium supplemented with different concentrations (0, 1.0, 2.0, 3.0 and 4.0
mg/L) and combinations of BAP and Kn. Number of shoots per explants and their morphology
were observed periodically. To optimize the shoot production, effect of sub culturing and the
strength of sucrose level in culture medium were evaluated. Rate of multiplication of shoots and
their growth were recorded up to 4-8 weeks of culture.

Development of roots at the base of the shoot, hardening and acclimatization of plantlets

In vitro elongated shoots (6-7 cm.) with at least 3-4 nodes were taken out from the culture vessel
and transferred to half strength MS medium with different concentrations (0, 1.0, 2.0, 3.0 and 4.0
mg/L) of IBA for root induction. When the plantlets developed few leaves and roots on the rooting
medium, they were brought to the green house and kept 2-3 days losing the cap of culture bottles.
The plantlets were taken out from the culture vessels, washed thoroughly under running tap water
to remove the debris of gelling agent with care and transferred to a pot (10 cm x 9 cm) filled with
2:1 garden soil and compost. The potted plantlets were kept inside the green house for adaptation
and maintain the humidity and temperature though misting. Within 10 - 15 days the potted plants
began to form new leaves and resumed new growth. The tissue culture plants were brought out
from the greenhouse successively and kept under full sunlight in the nursery for further growth up
to the plantation season.

Statistical analysis

All experiments were performed as Completely Randomized Design (CRD). Data were analyzed
using statistical analysis system (SAS v9.3) and means were statistically compared using LSD test.
The significance level was set up at p < 0.05. Three replications were considered for each
treatment and repeated thrice.

Results
In vitro seed germination and culture initiation

In vitro seed germination and culture initiation of D. giganteus was carried out on full strength MS
medium supplemented with or without different concentrations of BAP and seed germination was
observed to be started within 1 week of culture. Seeds were also germinated on MS without
growth regulator taking comparatively longer time than BAP supplemented medium. The highest
83.33 % seeds were germinated with shoot initiation in 1.0 mg/L BAP supplemented MS medium
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and the lowest 33.33% in the medium devoid of any growth regulators (Table 1). The growing
shoots of about 2.0 cm in length were used for the development of multiple shoots. (Figure 3A).

Table 1. Effect of BAP fortified MS media* on D. giganteus seed germination and shoot initiation.

Treatment % of Seed Mean No. of Mean Days till
germination Shoots Length of initiation
MS+ BAP (mg/L) and shoot shoots
initiation

0.0 33.33 £5.77 1.00 £0.00 | 691 +£0.32 7.60 +1.67
0.5 66.67 £5.77 373 £1.00 | 448 £0.21 5.20 +1.30
1.0 83.33 £ 11.55 5.60 £1.00 | 3.19 +£0.23 4.60 + 0.89
1.5 50.00 + 10.00 1.93 £1.02 | 533 +£0.40 6.60 +1.14

Medium: MS+ additives, mean + SE, n= 3 replicates

Shoot induction and multiplication

The effect of plant growth regulators on multiple shoot formation from the axenically raised shoot
explant were tested on MS medium supplemented with different concentrations (0, 1.0, 2.0, 3.0,
and 4.0 mg/L) of BAP and Kn. The result showed that both the cytokinins significantly influenced
multiple shoot production as well as enhanced the shoot formation rate. The culture medium
devoid of plant growth regulators produced a little number of slow growing shoots. Between the
two cytokinins, BAP was found more potential than Kn for new shoot induction of multiple shoot
formation from the inoculated explant. The maximum number of shoots produced per culture was
observed in MS medium supplemented with 3.0 mg/LL BAP, followed by 3.0 mg/L Kn with 4%
sucrose. The mean number of shoots per culture was recorded as 12.33 and 8.66 respectively in the
same medium after 4 weeks (Fig. 2). The initiation of regeneration and multiple shoot formation
from the shoot explant has been presented in Fig. 3A and 3B. Shoots after their initial proliferation
on medium containing 3.0 mg/L BAP were sub-cultured on same fresh medium after every 15
days. After excision of the multiple shoots, when the mother explants was cultured on the fresh
shoot multiplication medium (MS+ 3.0 mg/L BAP + Vit.Bs + 4% sucrose), the shoot numbers were
increased significantly for the next four repeated transfers and reduced thereafter.
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Figure 2. Effect of different concentrations of BAP and Kn supplemented with MS medium on
multiple shoot production of D. giganteus. The vertical bar represents the standard error.
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Figure 3. Micro-propagation of D. giganteus. A. Seed germination and culture initiation on MS +
1.0 mg/L BAP+ 3% sugar. B. Multiple shoot formation on MS + 3.0 mg/L BAP +4% sucrose after
28 days of culture. C. Combined effect of BAP and Kn on multiple shoot formation. MS + 3.0
mg/L BAP + 1.0 mg/L Kn + 4% sucrose after 28 days of culture. D. Root induction on the in vitro
grown shoot. /2 MS + 1.0 mg/L IBA+ 2% sucrose after 28 days of culture. E. Transplanted rooted
plantlets in the soil hardened in green house. Two months old tissue culture seedlings of D.
giganteus at nursery.

Though, both the cytokinins BAP and Kn alone enhanced the shoot proliferation but the
regenerated shoots remain stunted in their growth. To enhance the shoot elongation the combined
effect of BAP and Kn was evaluated. The best concentration of BAP (3.0 mg/L) was supplemented
with different concentrations of Kn (0.0, 1.0, 2.0, 3.0 and 4.0 mg/L) in MS medium. A positive
effect was observed in both the shoot proliferation and shoot growth by this experiment. It
enhanced the shoot proliferation as well as the shoot growth. The average highest shoot number
per culture 16.33 and average shoot length was recorded as 6.28 cm on MS medium containing 3.0
mg/L BAP + 1.0 mg/L Kn and 4% sucrose after 28 days of culture (Table 2, Fig. 3C).

Table 2. Combined effect of BAP and Kn on shoot multiplication of D. giganteus

Hormonal conc. (mg/L) Mean no. of Average shoot length
Shoot/culture (cm)
3.0 BAP + 0.0 Kn 12.00 £ 0.00 1.30 £ 0.08
3.0 BAP + 1.0 Kn 16.33 + 2.00 6.28 + 0.38
3.0 BAP +2.0 Kn 13.00 £ 3.00 5.45+0.28
3.0 BAP + 3.0 Kn 10.00 + 2.50 4.49 + 0.26
3.0 BAP +4.0 Kn 9.00 + 1.80 2.95+£0.21

Medium: MS+ additives, mean + SE, n= 3 replicates
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Rooting of regenerated shoots

The full or half strength of MS medium without any hormonal supplement was failed to induce
rooting of regenerated shoots. However, shoots were capable to induce root when cultured on
medium containing different auxins. Two auxins namely IBA and NAA in different concentrations
singly or in combination were evaluated for rooting potential of regenerated shoots. It was found
that both the auxins were capable of inducing root at the base of the in vitro grown shoots where
IBA performed better than NAA. Among the various concentrations of IBA investigated, 2 MS
media supplemented with 1.0 mg/L showed highest percentage of root induction (66.67%),
followed by 2.0 mg/L IBA (60.00 %) (Table 3). However, the best rooting response was observed
on medium containing 1.0 mg/L IBA supplemented with 2% sucrose and 2.8 g/L gelrite. The
cultures were initiated rooting after 7 days of inoculation and maximum (66.67%) culture induced
root within 28 days. With regard to average number of roots developed per culture in 2 strength
MS media with 1.0 IBA proved its superiority over the other treatments by producing 4.00 roots
per culture followed by 3.00 and 2.60 with 2.0 mg/L IBA and 3.0 mg/L IBA respectively (Table 3,
Fig. 3D). The highest number of roots per bunch which were not significantly different from each
other was obtained from % strength MS medium fortified 1.0 mg/L IBA. In most of the treatments,
root induction was started after 7 days of inoculation but media supplemented with higher IBA
concentration delayed up to 14 days.

Table 3. Rooting ability of D. giganteus shoots in half strength MS media supplemented with
various concentrations of IBA after 4 weeks of culture.

Treatment % of culture Mean no. roots | Days till root
induced root per culture induction
72 MS + IBA (mg/L)

0.0 0.0 0.0 0.0

1.0 66.67 + 10.55 4.00 + 1.58 7.25+2.06

2.0 60.00 + 0.00 3.00+0.71 7.75+3.10

3.0 46.67 £ 6.56 2.60+0.55 9.50 +4.43

4.0 46.50 + 6.56 2.40+0.55 9.25+2.06

Medium: 2 MS+ additives, mean = SE, n= 3 replicates
Acclimatization of plantlets

Acclimatization is essential for the survival and successful establishment of plantlets. Plants
grown in vitro were gradually acclimated to the external environmental condition in the
greenhouse and the nursery of Silviculture Genetics Division. In vitro rooted plantlets with culture
bottles were brought to the green house for initial hardening. All caps of the culture tubes and
bottles were made loosen and kept for the next 2-3 days. The plantlets were then removed from the
culture tubes and washed under tap water for complete removal of the medium attached with roots.
The rooted plantlets were planted in small plastic pot or poly bag containing forest soil and
compost (3:1) and kept in the greenhouse followed by transfer to net house after another 2-3
weeks of hardening. Finally the acclimatized and hardened plants (1-2 feet height) were
transferred to the open sun in the nursery under natural conditions. After 10 day of hardening 2-3
new leaves were developed from each shoots. Gradually the plantlets started growing and the leaf
number increased as the plant height increases. Progressively, as the acclimatization
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process continue, color of the leaves turned to deep green and size of the leave get increased with
the size of the plant. Furthermore, proliferation of new tillers was observed after 30 days of
hardening. The survival rate was found 90 - 95% after 60 days of hardening of the tissue culture
produced D. giganteus seedlings in the nursery.

Discussion

Mature seeds of D. giganteus were cultured on full strength MS supplemented with various
concentrations of BAP as well as without plant growth regulator for in vitro germination and shoot
initiation. The germination competence of the seed explants seems to be markedly influenced by
different growth regulators in nutrient media (Padual and Pant 2012). MS with or without growth
regulators was found to be effective for the germination of immature seeds (Pant and Swar 2011).
BAP concentration significantly affected the seed germination and shoot initiation i.e., days
required for germination, number of shoot and shoot length. The result was supported by Arya et
al. (1999; 2012) who mentioned that the shoot initiation percentage was greatly influenced by the
type and concentrations of BAP in Dendrocalamus asper and Dendrocalamus hamiltonii
respectively. Herath and Colleagues (2004) also observed that kenaf explants pre- cultured on BAP
medium started shoot growth at an earlier stage compare to pre-cultured explants on plant growth
regulator free medium. The requirement of exogenous plant growth regulators for in vitro
regeneration depended on the endogenous level of the plant tissue, which varied with organs, plant
genotype and the phase of plant growth (Chand and Singh 2004; Rahman et al. 2018). The
regeneration efficiency depended on plant growth regulator concentrations and combinations
(Nodong et al. 2006; Popelka et al. 2006). The effect of BAP in inducing multiple shoots has
already been reported in bamboo species like Arundinaria callosa (Devi and Sharma 2009),
Dendrocalamus. hamiltonii (Sood et al. 2002) and Bambusa oldhamii (Thiruvengadam et al.
2011). The superiority of BAP in shoot induction may due to its ability to induce production of
natural hormones such as zeatin within the tissues than other synthetic cytokinins (Zaerr and
Mapes 1982). Accordingly, the ability of plant tissues to metabolize the natural hormones is faster
than artificial growth regulators.

Mekbib and Meresa (2015) reported that the effect of BAP was better than Kn in shoot proliferation
percentage and multiple shoot induction. The present result is in agreement with the findings of
other researchers who have noted the effectiveness of BAP for the induction of multiple shoot from
seeds in different bamboo species (Nadgir et al. 1984; Tuan et al. 2012). The finding was in line
with Arya et al. (1999) and Singh et al. (2012) who reported reduction in shoot length in different
bamboo species with increasing cytokinins concentration. According to Woeste et al. (1999) the
reduction in shoot length at higher concentration of BAP might be due to the toxic effects of
ethylene produced at higher cytokinin concentration. Moreover, the results are supported by the
previous studies of Arya et al. (2006) in D. giganteus and Bisht et al. (2010) in Gigantochloa
atroviolaceae. Rapid shoot multiplication and mass production of D. giganteus was initiated
through in vitro seed germinated shoot. MS medium supplemented with different concentrations of
BAP (0.0, 1.0, 2.0, 3.0 and 4.0 mg/L) and Kn (0.0, 1.0, 2.0 3.0 and 4.0 mg/L) were evaluated for the
multiple shoot production from single shoot. In the present study, it was observed that the shoot
proliferation was positively influenced by the addition of cytokinins in the culture medium than the
medium devoid of plant growth regulators. Rahman er al. (2018) stated that the
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concentrations of cytokinin had a crucial effect on multiple shoot formation of Phyllanthus emblica.
It was also observed that BAP and Kn at higher concentrations significantly reduced the number of
shoots per explant. This result might be due to explants cultured on those medium produced less
number of shoots (1-2 shoots), thus the nutritional competition was not very strong or due to the
toxic effects of ethylene which can be produced at higher cytokinin concentration (Lorteau 2001).
The result was consistent with the report of Arya et al. (1999) on decreasing of shoot length
developed from the explants as cytokinin concentration was increased. These findings also were
consonance with the findings in Opuntia ficusindica (Garcia — Saucedo et al. 2005), Zingiber
petiolatum (Prathanturarug et al. 2004) and P. emblica (Rahman et.al/ 2018). The micro shoots
produced in lower levels of BAP and Kn were green, taller having bigger leaves than those
produced at higher concentration of cytokinins. In MS medium containing BAP the plantlet formed
were slightly taller than those produced in MS medium supplemented with Kn. Cytokinin types had
a strong effect on the quality of the shoots produced (Neves et al. 2001). Kalinina and Brown (2007)
found that treatments of Prunus sp. with elevated BAP concentrations promoted the shoot numbers
per explants but decreased the shoot length and negatively affected shoot development.

The single shoots were cultured on MS medium fortified with the best BAP concentration (3.0
mg/L) and different concentrations of Kn (0.0, 1.0, 2.0 3.0 and 4.0 mg/L) to evaluate the combined
effect of cytokinins on multiple shoot production. In all of the formulations of BAP with Kn,
explants regenerated and produced shoots. The highest mean number of shoots per culture was
16.0 after 4 weeks of culture in media having 3.0 mg/L BAP with 1.0 mg/L Kn. The highest shoot
length was recorded as in the same media composition. BAP was the most widely used cytokinin
for multiple shoot formation (Herath et al. 2004). The superiority of BAP over Kn and other
cytokinins for multiple shoot formation was also demonstrated Salix pseudolasiogyne (Park et al.
2008). The results showed that the lower concentration of BAP and Kn in the medium enhanced
the shoot regenerative ability of D. giganteus however, the number of multiple shoot reduced at
higher concentration of BAP and Kn. In vitro rooting of shoots was tested in half strength MS with
different concentrations of IBA and NAA viz. 0.0, 1.0, 2.0, 3.0, and 4.0 mg/L. All media responded
positively for root formation on the excised shoots but no rooting was observed in the hormone
free medium. However, in the present study, IBA was found to be more effective than NAA for in
vitro rooting of D. giganteus. In woody trees, usually low level of salt concentration is sufficient
for rooting of shoots. Similar observation was made by Rai et al. (2010). Superiority of IBA over
NAA for in vitro root induction was reported by Parthiban et al. (2013) on Bambusa balcooa.

In vitro developed plantlets have morphological and physiological abnormalities due to the in vitro
culture conditions (PospiSilova et al. 1999). Direct transfer of in vitro plantlets to ex vitro
environment may result in rapid wilt and death (Lesar et al. 2012). Therefore acclimatization is
essential for the survival and successful establishment of plantlets (Deb and Imchen 2010). Plants
grown in vitro were gradually acclimated to the external environmental condition in the
greenhouse and the nursery of Silviculture Genetics Division of BFRI. Addition of compost to the
soil increases the porosity resulting in better aeration of roots and thus better growth of the
plantlets. Season was found to influence the survival rate and growth of the plantlets in the field.
High humidity in the environment during the rains provides optimum conditions for the survival
of delicate tissue culture raised plants in the field.
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Conclusion

The current research work was undertaken to develop a comprehensive method for in vitro
regeneration of D. giganteus for mass clonal propagation from shoot explant of axenically raised
seedling. The establishment of axinic culture from disinfected seeds was carried out in MS media
with or without growth regulators. Shoots were excised from in vitro germinated seedlings and
cultured in the MS media augmented with different concentration (0.0, 1.0, 2.0, 3.0 and 4.0 mg/L)
of BAP and Kn alone or in combination with gelrite as solidifying agent for shoot multiplication.
The highest shoot multiplication with maximum number of shoot and shoot length per culture was
recorded 16.33 and 6.28 cm respectively from the medium having 3.0mg/LBAP + 1.0 mg/L Kn +
4% sucrose after 4 weeks of culture. Plantlets with well-developed shoots and roots were
transplanted on a small pots containing mixture of forest soil: compost in 3:1 ratio for
acclimatization in greenhouse and nursery successively. After the gradual exposure in sunlight and
assessment after 60 days confirmed the survival rate of 90-95% under nursery condition.
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