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Abstract

Bamboos are an important worldwide non-timber forest product with rising interest due to their environmentally friendly
applications. Besides its use as edible sweet shoots and culms for structural uses, the giant bamboo, Dendrocalamus asper
is an imposing ornamental bamboo for horticulture. The present work aimed to establish in vitro callus culture and plant
regeneration through somatic embryogenesis starting from young spikelets of D. asper. Pre-anthesis spikelets were collected,
disinfected, and subjected to callus induction on MS basal medium supplemented by 2,4-Dichlorophenoxyacetic acid (2,4-D)
at0,9, 18, 27, and 36 uM in combination with 9 uM of 2-iP or 9 uM Kinetin. The different calli types that developed were
characterized and subcultured in 0, 4.5, 9, and 18 uM of 2,4-D in combination with 9 uM of 2-Isopentenyladenine (2-iP)
or Kinetin for multiplication and somatic embryos regeneration. Additionally, the effect of explant cutting in half and its
orientation on the culture medium were tested to improve callus induction The 2,4-D was essential for callus induction, and
in combination with the two cytokinins resulted in embryogenic callus induction and somatic embryos regeneration. The
subsequent reduction of this auxin to 4.5 uM resulted in somatic embryo maturation. Somatic embryos transferred to a plant
growth regulator-free medium resulted in plantlet germination. The present work showed the feasibility of using bamboo
spikelets as explants and the efficiency of using 2-iP in combination with 2,4-D to callus induction and in vitro plant regen-
eration through somatic embryogenesis.

Key message
Immature spikelets of the giant bamboo are feasible explants for in vitro callus induction and somatic embryogenesis.

Keywords Bamboo inflorescence - Callus induction - Micropropagation - Secondary somatic embryogenesis

Introduction

The subfamily Bambusoideae of family Poaceae comprises
a wide diversity of bamboos with more than 1680 species
(Soreng et al. 2017; Clark and Oliveira 2018), displaying a
Communicated by M. I. Beruto. broad range of applications. The increasing worldwide inter-
est in bamboo is due to their economic and environmental
sustainability (Paudyal et al. 2019). Although practically
every part of the bamboo is useful for food, medicine, handi-
Graduate Program in Plant Genetic Resources, Plant crafts, construction, biomass, and primal matter for industry
Developmental Physiology and Genetics Laboratory, Federal (Liese et al. 2015; Akinlabi et al. 2017), the most elegant
University of Santa Catarina, Rod. Admar Gonzaga, 1346, licati £ bamb is in the land tati
Florianopolis, SC 88034-001, Brazil application of bamboos is in the landscape ornamentation.
) ) Due to the spiritual or cultural values and the unique giant
Graduate Program in Agricultural and Natural Ecosystems, .- .
e . " grass characteristics, the ornamental use of bamboos in gar-
Federal University of Santa Catarina, Curitibanos, - ; -
SC 89520-000, Brazil dens promotes benefits on physiological and psychological
levels for the people (Wang et al. 2021; Zheng et al. 2021).

P< Miguel Pedro Guerra
miguel.guerra@ufsc.br

Santa Catarina State Bamboo Association, Floriandpolis,
SC 88063-200, Brazil

@ Springer


http://orcid.org/0000-0002-6638-0937
http://orcid.org/0000-0002-1048-071X
http://orcid.org/0000-0002-4337-9191
http://orcid.org/0000-0002-5319-3446
http://crossmark.crossref.org/dialog/?doi=10.1007/s11240-022-02311-7&domain=pdf

636

Plant Cell, Tissue and Organ Culture (PCTOC) (2022) 149:635-644

Dendrocalamus asper is a tropical non-invasive bamboo
with majestic culms that can reach up to 30 m of height and
more than 15 cm of diameter. Due to their multipurpose
(i.e. edible shoots and timber substitution) and ornamental
features (i.e. the giant grass habit and the color dynamic of
the culm development), D. asper have desired characteristics
for horticulture (Li and Kobayashi 2004; Banik 2016).

D. asper can be propagated by seeds, culm cuttings, air-
layering, offsets, macroproliferation, and micropropaga-
tion (Singh et al. 2012; Zang et al. 2019). Although seeds
can be an easy way to obtain seedlings, the flowering cycle
of D. asper is unpredictable and happens at intervals of
30-100 years. Seeds have short viability and an unknown
genetic background (Arya et al. 1999; Banik 2016). Because
of that, the vegetative propagation methods are the most
practiced. However, they are not feasible for a large-scale
plantlet production and large size of some propagules that
needs high labor and transport costs (Arya et al. 1999). Fur-
ther, rooting efficiency varies with seasons and between the
genotypes (Ray and Ali 2017a).

For those reasons, micropropagation is desired for large-
scale quality plantlets production, with additional advan-
tages for breeding, ex situ conservation, and basic research
purposes. Although several bamboo species already have
some effort reported for somatic embryogenesis protocols
development, most of the studies aiming for bamboo mass
propagation are based on the organogenesis pathway (Singh
et al. 2013). The microorganisms' manifestation during the
in vitro cultures establishment and the wide variability of
that cultures responses still being hindrances for the in vitro
commercial plant production by both morphogenetic path-
ways (Ray and Ali 2017a, b).The bamboo in vitro culture

establishment can be reached from different explants, as
isolated zygotic embryos, whole seeds, shoot apex, nodal
segments, leaves, roots, and inflorescences (Ojha et al.
2009). Inflorescences can be the last somatic resource to
in vitro regeneration of selected genotypes in the case of
monocarpic flowering (Arya et al. 2008). Due to the scar-
city of that kind of explant, few papers reported the flow-
ering tissue employment for bamboos micropropagation.
In Table S1 is presented a summary of relevant reports of
inflorescence tissue culture approaches for Bambusa and
Dendrocalamus species over the last decades. Those previ-
ous reports show the importance of the auxin 2,4-D for cal-
lus inductions in floral tissues and point to BAP and Kin as
the most used cytokinins in the somatic embryogenesis of
bamboos (Table S1). Due to the known callogenesis capac-
ity of bamboo inflorecences, and the possibility to further
regenerate somatic embryos from them, the present work
aimed to establish a callus induction and plant regenera-
tion through somatic embryogenesis from young spikelets
of Dendrocalamus asper.

Material e methods
Plant material

Branches with young synflorescences (clusters of spike-
lets) of Dendrocalamus asper (Fig. 1a) were collected in
pre-anthesis stage. The material were accessed during an
event of sporadic flowering of 20 clumps in a plantation
of 600 plants, at Fazenda dos Bambus (— 23.110470°;

Fig. 1 Somatic embryogenesis from young spikelets of Dendrocala-
mus asper. a Synflorescence; b Callus induction on the basal region
of spikelet after 30 days in vitro. ¢ Calli of different morphological
characteristics obtained from spikelet after 60 days [1- Type 1 callus,
2- Type 2 callus, Mu- Mucilaginous callus, Ex- Browned explant];
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d Type 2 callus regenerating an spikelet-like structure. e Somatic
embryos; f Somatic embryo with prominent embryonic axis (arrow-
head) surrounded by scutellum tissue; g Plantlet germinated from
somatic embryo; h Acclimatized plantlet. Bars=1 mm
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— 48.368193°), of the Jatobas Institute in the municipality
of Pardinho, Sao Paulo, Brazil.

Explant preparation and disinfection

The explant disinfection method was carried out in three
steps: (1) Branches with + 10 cm containing about 10
developing synflorescences were selected. Prophylls and
senescent glumes were removed before the branches were
immersed in 70% (v/v) ethanol for two minutes and trans-
ferred to sodium hypochlorite solution (2% active chlorine)
with Tween™ 20 (1 drop/100 ml) and constantly stirred for
20 min. The branches were then rinsed twice with sterile
deionized water and exposed for 10 min to the chamber's
airflow on sterile filter paper for drying; (2) Synflorescences
were excised from the branches and immersed in 70% (v/v)
ethanol for 30 s, followed by immersion in sodium hypochlo-
rite solution (2% active chlorine) supplemented with
Tween™ 20 for 5 min, and then rinsed with sterile deion-
ized water; (3) The central spikelet of each synflorescence
were selected (Fig. S1b) and their lowermostglume removed
(Fig. S1c) before a new immersion in sodium hypochlorite
solution (2% active chlorine) with Tween™ 20 for 15 min,
followed by a triple wash in sterile deionized water. Before
inoculation, another glume was removed and the spikelets
were subjected to a further size reduction on their base to
remove tissues damaged by chlorine and to wound the proxi-
mal florets of the spikelet (Fig. S1d).

Induction of callogenesis

The basal culture medium used in all the experiments was
the MS saline formulation (Murashige and Skoog 1962),
supplemented with 30 g L™! of sucrose, 250 mg L™ of poly-
vinylpyrrolidone, 2 ml L™! of Morel's vitamins (Morel and
Wetmore 1951), 1 g L™! of glutamine, 1 g L™! of Myo-ino-
sitol and 0.5 g L™! of hydrolyzed casein. The plant growth
regulators (PGR) were added before the pH of the medium
was adjusted to 5.8. The media were sterilized by autoclav-
ing for 15 min at 121 °C. Two experiments were carried out
to determine: (1) the optimal 2,4-D concentration in com-
bination with the cytokinins 2-Isopentenyladenine (2-iP)
or Kinetin (Kin), and (2) the effect on callus induction in
explants longitudinally halved cut and its orientation inocu-
lation onto the culture media. For both experiments, the cul-
tures were kept in the dark at 25 + 1 °C, for 60 days, and the
culture medium was refreshed on the 30th day.

Exp. 1: effects of 2,4-D combined with 2-iP or Kinetin
on callus induction

After the disinfection procedure, the spikelet explants pre-
pared as mentioned above were inoculated in culture media

containing 0, 9, 18, 27, and 36 uM 2,4-D in combination
with 9 uM 2-iP or 9 pM Kin. The cytokinin concentrations
selected were that used by Yeh and Chang (1986a) for callus
induction in Bambusa oldhamii. The treatments consisted
of 8 replicate Petri dishes (60 mm X 15 mm), each contain-
ing 5 explants (subsamples) inoculated on 15 ml of culture
medium. After 30 days, each subsample was evaluated, and
binomial values (e.g. 0 for non-occurrence or 1 for occur-
rence) were recorded for microbial contamination, callus
induction, browning, and swelling. The mean of the five
subsample values in each Petri Dish was used for statistical
analysis.

Exp. 2: effect of the explant halve cut and its
orientation on the medium

After determining the optimal callus induction conditions,
the disinfected spikelets were inoculated either non cut
or longitudinally halved cut. These explants were placed
onto the medium either as (1) cut surface in contact with
the medium (downwards oriented) or (2) the cut surface
upwards oriented. These treatments were carried out in 20
replicate Petri dishes each containing 4 explants (subsam-
ples) inoculated on 15 ml of culture medium. After 30 days,
each subsample was evaluated, and binomial values were
recorded for callus induction and browning. The mean of
the four subsample values in each Petri Dish was used for
statistical analysis.

Callus multiplication and embryos regeneration

Calli cultures induced in both cytokinins combined with
18 uM 2,4-D for sixty days were transferred to media with
0,4.5;9, and 18 uM 2.,4-D in combination with their respec-
tives cytokinins (9 uM) to induce further development.These
treatments were carried out in 8 replicate Petri dishes each
containing 5 calli (subsamples) inoculated on 15 ml of cul-
ture medium. At 30 days of transfer to the new treatments,
each subsample was evaluated, and binomial values were
recorded callusbrowning, embryos regeneration, and the
frequency of each type of callus obtained.

Statistical analysis

Percentage data were obtained by averaging the binomial
values of occurrence in each Petri dish. The analysis of var-
iance assumptions was verified by analyzing the residues
distribution of the model and the application of Bartlett's
homoscedasticity test. When necessary, the percentage val-
ues were submitted to sine arc transformation. Statistical
analyzes were performed in the R Studio environment (R
3.6.2). Variance analysis was performed using the "base",
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"stats" (R Core Team 2019), and "agricolae" (Mendiburu
2019) packages.

Somatic embryo germination and acclimatization

Somatic embryos were transferred to the basal culture
medium without PGR for maturation and plantlet germina-
tion. The cultures were maintained at 25+ 1 °C for 15 days
in the dark and subsequently exposed to the 16 h photoper-
iod under white LED lamps (80 pmol cm™2 s™!) for another
30 days. The plantlets that developed were transferred to
basal medium in test tubes for 30 days for axillary branching,
elongation, and root development before the acclimatization.
The plantlets were next transferred to 1 L pots containing a
commercial substrate (Tropstrato FT—Vida Verde). Plants
were acclimatized in a 65% shading greenhouse under inter-
mittent nebulization.

Histochemical analysis

Samples of spikelet showing initial callogenesis on the 7th
day after callus induction, type 1 to type 2 callus devel-
opment with initial protoderm development, and isolated
somatic embryos were fixed in glutaraldehyde for 48 h. The
material was dehydrated in an increasing ethanol series up to
anhydrous conditions (Ruzin 1999). Therefore, the samples
were infiltrated in hydroxyethyl methacrylate (Leica His-
toresin, Germany). Cross-sectional and longitudinal sections
of 5 um thickness were obtained in a rotating microtome RM
2125 (Leica, Germany) and serial sections stretched onto
slides. The sections were stained with toluidine blue in pH
6.8 phosphate buffer according to O'Brien et al. (1964) for
the observation and identification of anatomical structures.
The images were captured in a DP71 camera attached to the
BX-40 microscope (Olympus, Japan).

Results and discussion
Explant disinfection effectiveness

The three-step disinfection method and the compact arrange-
ment of florets in spikelets resulted in a high percentage of of
viable cultures. In the first experiment, microbial contami-
nation of only 4.2% was observed after 30 days of in vitro
introduction. In experiment 2, only 3.7% of the explants were
contaminated. In both experiments these few contaminated
explants manifested a late and slow-growing microorganism
with a few showing mycelial growth. Bamboo in vitro cul-
tures are commonly considered as hard-to-establish due to
their microorganisms association and morphological charac-
teristics, which usually can make disinfection difficult (Tsay
et al. 1990; Ray and Ali 2017b). Endogenous contamination
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is also an important constraint during establishing bamboo
in vitro cultures, mainly in explants obtained from mature
and field-grown plants (Oprins et al. 2004). Bamboo inflo-
rescences have many layers of bracts surrounding the inner-
most tissues, which are younger and morphogenetically
more responsive. These bracts provide a protective layer
but at the same time make the disinfection procedure dif-
ficult, since they create a physical barrier that prevents the
contact of the ethanol and chlorine solution with the con-
taminated tissues. Thus, performing asepsis in three-steps,
combined with the interspersed removal of these outermost
bracts allows both the removal of more differentiated and
less responsive tissues, as well as efficient tissue asepsis.
Only one-step 2% sodium hypochlorite soaking with soni-
cation of Dendrocalamus latiflorus inflorescence segments
resulted in the loss of 70% of the explants due to contamina-
tion (Lin et al. 2007). Arya et al. (2008) reported the loss of
30-40% of the explants due to contamination during induc-
tion of shoots from D. asper inflorescences. Other studies,
in which bamboo floral explants were used, did not mention
the contamination manifestation after disinfection (Yeh and
Chang 19864, b; Lin et al. 2003a, b; Lin et al. 2005; Qiao
et al. 2013).

Callus induction and browning

In the first few days after in vitro culture establishment, a
swelling of the explants was observed, most notably in the
treatments containing only cytokinins (2-iP or Kin). Per-
centage of 52% and 25% of swollen explants were observed
respectively in the presence of 9 pM 2-iP or 9 uM Kin. Yeh
and Chang (1986a, b) reported similar results of swollen
explants during callus induction from two Bambusa species
when inflorescence explants were used. In the 2,4-D free
treatments (cytokinin-alone), 77% of the explants showed
tissue browning from the second subculture, 62% in KIN,
and 90% in 2-iP. Several bamboos show spikelets with basal
buds, which can develop new inflorescences known as pseu-
dospikelets (McClure 1966). In a medium containing the
cytokinin Thidiazuron, Bambusa edulis inflorescences could
be maintained in the adult phase and proliferate in vitro (Lin
et al. 2003a, b). On the other hand, vegetative shoots were
obtained from D. giganteus and D. asper spikelets by the
in vitro flowering reversion in a medium containing the cyto-
kinin Benzilaminopurine (Ramanayake and Yakandawala
1998; Arya et al. 2008). In the present work, no regenera-
tion was obtained from spikelets in the only-cytokinins treat-
ments, probably due to the removal of indeterminate buds
during the disinfection procedure (Fig. S1c).

Callus induction occurred in all treatments containing
2,4-D (Table 1), and most of them originated from the basal
cut end of the spikelet (Fig. 1b). An increase in the 2,4-D
resulted in higher callus induction, and did not depend on the
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Table 1 Percentage of callus induction and browning in Dendrocal-
amus asper spikelet explants after 30 days in treatments with 2,4-D

combined to Kin and 2-iP for callogenesis

CKOuM) 24-D(@uM) Callus Induction (%) Browning (%)
2-iP 0 00.0+00.0 ¢ 87.5+053a
9 40.0+10.7b 65.0+07.3 ab
18 72.5+119a 325+11.9cd
27 65.0+08.2a 67.5+07.5 ab
36 77.5+08.0a 20.0+08.4d
Kin 0 02.5+02.5¢ 52.5+10.0 bc
9 30.0+11.9b 70.0+11.9 ab
18 37.5+04.5b 72.5+05.2 ab
27 45.0+10.5b 60.0+10.7 ab
36 40.0+08.4b 57.5+08.0 be

Mean + Standard error. Values followed by the same letter in the
column are not significantly different according to the Duncan test
(p<0.05). Means obtained from 8 replicates (n=40)

CK Citokynin, 2,4-D Dichlorophenoxyacetic acid, 2-iP 2-isopentenyl
adenine, Kin Kinetin

type of cytokinin combined with it (Table 1). Even though
callogenesis was also induced when 2,4-D was combined
with Kin, the auxin increment did not significantly increase
the callus induction. The combination 18 uM 2,4-D +9 uM
2-iP was considered as optimal due to high callus induc-
tion (72.5%) associated with a browning of only 32.5% in
explants. Although the 36 uM 2,4-D combined with 9 uM
2-iP showed higher callus induction (77.5%) and lower
browning of explants (20%), an high 2,4-D concentration
can increase the likelihood of somaclonal variation. It has
been reported that 2,4-D induced callogenesis and somatic
embryogenesis in several bamboo species (Obsuwan et al.
2019). In young shoots of D. hamiltonii (Godbole et al.
2002) and zygotic embryos of P. edulis (Yuan et al. 2013),
callus induction occurred only in the presence of 2,4-D in
the culture medium and the frequency of callus induction

was affected by its concentration. For callus induction in
leaves, roots, and nodal segments of D. asper 30 uM 2,4-D
was necessary (Ojha et al. 2009). In inflorescence cultures of
B. oldhamii, D. latiflorus, and D. asper, callus was induced
using 13.5-27 uM of 2,4-D in the culture medium (Prut-
pongse and Gavinlertvatana 1992).

Histological sections of explants revealed cell prolifera-
tion on floret subtending tissues (i.e., palea and lemma) after
7 days of induction in 18 pM 2,4-D+9 uM 2-iP (Fig. 3a).
Those thin vascularized tissues were responsive to callus
induction probably due to their high surface-to-mass ratio
associated with vascular disruption during desinfection pro-
cedure. Considering that the palea and lemma are two bract-
like structures, i.e., a modified leaf (Lombardo and Yoshida
2015), it is worthwhile investigating if our protocol may be
successfully applied to other young vegetative explants as
well.

Calli morphology

Most of the cultures showed more than one type of calli,
in the first 30 days of induction (Table 2; Fig. 1). In gen-
eral, three distinct types of calli were obtained: Initially a
less common mucilaginous translucent callus with whitish
cell clusters appeared (Fig. 2a). The most common was the
type 1 callus which was transluscent to yellowish in colour
with a friable texture and small-nodular growth (Fig. 2b, c).
The type 2 callus was yellowish to white, with a compact
appearance and initial protoderm development, showing a
smoother surface from where somatic embryos developed
(Fig. 2e). A gradual and successive regeneration occurred
from muscillaginous to type 1 callus to type 2 callus. Type
1 callus could be obtained from the mucilaginous, and the
type 2 embryogenic calli were usually derived from type
1 callus (Fig. 2b, d). Histological analysis of type 2 callus
revealed a protoderm organization around a meristematic
center (Fig. 3b). Qiao et al. (2013) reported the development

Table 2 Frenquency of type CK

. ; 2.4-D (uM) Callus occurrence Embryo regeneration Browning
1 and type 2 calli, somatic © uM) (%) (%)
embryos regeneration, and Type 1 (%) Type 2 (%)
browning percentages of
Dendrocalamus asper calli 2-iP 0.0 44.4+06.1 bc 22.2+06.1 ab 16.74+09.9 ab 55.6+06.1 a
cultures derived from young 45 722+13.8ab  444+122ab  22.2+09.6ab 16.7+09.9 ab
spikelets, during the somatic 9.0 944+48la  27.8+089ab  22.2+06.1ab 5.56+04.8 b
embryogenesis multiplication
step 18.0 100.0+00.0 a 16.7+11.8b 16.7+11.8 ab 00.0+00.0b
Kin 0.0 259+08.8 ¢ 583+11.8a 43.7+08.3 a 27.1+12.6 ab
4.5 90.5+08.9 a 33.3+09.6 ab 00.0+00.0b 23.8+13.1ab
9.0 714+10.6ab 09.5+089b 09.5+05.7b 333+13.6ab
18.0 25.0+17.7¢ 25.0+11.3 ab 00.0+00.0b 583+17.7a

Mean + Standard error. Values followed by the same letter in the column are not significantly different

according to the Duncan test (p <0.05). Means obtained from 8 replicates (n=40)

CK Citokynin; 2,4-D Dichlorophenoxyacetic acid; 2-iP 2-isopentenyl adenine; Kin Kinetin
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Fig.2 Dendrocalamus asper spikelet-derived types of calli. a Muci-
laginous callus; b Type 1 callus differentiating from a mucilaginous
callus; ¢ Type-1 callus; d Type-2 callus differentiating from type-1
callus; e Type-2 callus regenerating somatic embryo; f Secondary
somatic embryogenesis on a scutellum tissues of a fused somatic
embryos cluster. Bars=2 mm

of embryogenic calli derived from primary calli generated
from D. latiflorus anthers. The simultaneous occurrence of
different types of calli was also reported for B. glaucescens
(Jullien and Van 1994). In general, type 1 callus was fast-
growing and more prone to browning as compared to type 2.

A few of type-1 calli regenerated root clusters, probably
originating from somatic embryos that were not identi-
fied as so during the selective subculture or even the direct
root regeneration from type-1 callus. As soon as the roots
touched the culture medium surface, a mucilaginous loose
callus developed, similar to that reported by Yeh and Chang
(19864a, b) and Chang and Lan (1995). This observation also
highlights the potential of bamboo roots as a vegetative start-
ing material for in vitro callus induction.

The combination of 2,4-D with the two different cyto-
kinins, Kin and 2-iP, affected a differential responses of
the explants to browning and the type of calli that devel-
oped (Table 2). 2,4-D in combination with 2-iP promoted
the induction of type 1 callus (72.2-100%) compared
to its combination with Kin (25.0-90.5%). Kin brought
about a higher percentage of type 2 callus in the absence
of 2,4-D (58.3%) and further regeneration of somatic
embryos. When in combination with 2iP, the 2,4-D total
removal or its reduction to 4.5 uM in the culture media

@ Springer

Fig.3 Histological analysis in Dendrocalamus asper calli and
somatic embryos obtained from young spikelets. a Longitudinal sec-
tion showing initial callogenesis in lemma tissue after 7 days in callus
induction medium; b Longitudinal section of type 2 callus developing
from a type 1 callus, showing an organized protoderm (arrowhead); ¢
Cross-section of the scutellar somatic embryo showing meristematic
centers (arrowhead) around the embryo axis; d Longitudinal section
of a somatic embryo, Sc Scutellum, P/ Plumule, SM Shoot Meristem,
EDb Epiblast, CI Coleorhiza. Bars =100 pm

promoted development of type 2 calli (22.2-44.4%). The
type of cytokinin influenced the browning in the cultures.
In 2-iP alone-medium or in combination with reduced
levels of 2,4-D, there was an increase in calli brown-
ing (16.7-55.6%), especially on the type 1 calli. In the
Kin-containing media, 2,4-D did not influence browning
(23.8-58.3%). The browning incidence is usually observed
during the multiplication step of bamboo calli cultures.
Qiao et al. (2013) reported the common occurrence of D.
latiflorus anther-derived calli during the multiplication
step.

After sixtydays on the induction medium, type 2 callus,
spikelet-like structures (Fig. 1d), and somatic embryos were
regenerated (Fig. 1e—f). In induced callus from D. latiflo-
rus anthers, shoots were obtained during the induction step
(Qiao et al. 2013). Yeh and Chang (1986b) reported the
somatic embryos' regeneration during the 16 months long
culture on 2,4-D and Kin-containing medium. In the pre-
sent work, an increase in the cytokinin:auxin ratio promoted
type 2 callus and subsequent somatic embryos regenera-
tion. Similar observations occurred for D. hamiltonii with
the gradual reduction of 2,4-D and NAA concomitant with
BAP increases in the culture medium (Godbole et al. 2002).
As in many other plants, a higher cytokinin to auxin ratio s
can enhance shoot and embryo regeneration from bamboo
callus too. In bamboos calli cultures, a concentration-ratio
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of 2:1 (cytokinin: auxin) was feasible to regenerate shoots
(Prutpongse and Gavinlertvatan 1992).

Effect of the explant cutting

The longitudinal halve-cutting of explants increased the
callus induction percentage compared to those non cut
(Table 3). The orientation of these half-spikelets onto the
culture medium also influenced the callus induction. The
explant cut-surface in contact with the culture medium
reduced the callus induction. The inoculation of half-spikelet
with the cut-surface upward oriented resulted in a signifi-
cant increment in the callus induction in relation to the non
cut explant. This step led to a callus induction in almost
100% of the explants. The explant cutting and its orienta-
tion on the medium did not affect the contamination. In all
treatments, most calli first appeared on the basal cut end
region of the spikelets. Similar observations were reported
(Godbole et al. 2002), in which initial swelling and cellu-
lar proliferation began from the cut ends segmented shoots
of D. hamiltonii. Explants inoculated with cut-surface ori-
ented upward developed calli from the borders tissues. It
was also observed callus initiation from the anthers. After
30 days, a subsequent subculture on the same induction
medium of those anther-derived calli resulted in browning,
and embryonic callus (type 2) was not observed. Although
anther-derived callus could result in haploid plants, interest-
ing for breeding purposes (Tsay et al. 1990), the low cal-
lus induction compared to the enclosing tissues of spikelet
showed the need for improvement on the callus induction
from anthers. The spikelet longitudinal cutting enhanced
the callus induction by relieving the physical blocking of
the enclosing tissues. Additionally, mechanical wounding
is recognized and commonly adopted for cellular differen-
tiation induction by overexpression of stress-related genes
(Fehér et al. 2003; Wojcik et al. 2020). Furthermore, the
explant size-reduction increases the surface-area-to-volume
ratio, promoting the stress triggered by the in vitro envi-
ronment. Large explants or intact organs can show, even
that explanted, a well-organized symplastic pathway and
stable cellular metabolism, which can lead to recalcitrance
to in vitro responses. The wounding of tissues often results

in symplastic domain rupture and can stimulate the estab-
lishment of new domains and plasmodesmata cell-to-cell
communication, promoting differentiation and pluripoten-
tiality expression (Bonga 2017). Even though the small size
of the spikelets used as explants for those experiments, the
halve cuttingshowed a feasible and straightforward technique
to increase the explant number, callus induction area, and
the callus induction rate. This result suggests that using the
thin cell layer technique may be beneficial to increase callus
induction from bamboo spikelets.

Secondary somatic embryogenesis

A change in the scutellum was observed when somatic
embryos were transferred to a medium containing the
higher 2,4-D levels (9—-18 uM). This occurred mainly on
somatic embryos in late developmental stages. The scutel-
lar tissue of zygotic and somatic embryos is reported to be
2,4-D-responsive inother Dendrocalamus species (Sumathi
et al. 2003; Zhang et al. 2010). In the present study, dur-
ing the selective multiplication, when easily detachable and
round-shaped somatic embryos were isolated and transferred
to 18 uM 2,4-D+9 puM 2-iP (induction medium) only a
minor growth on the root region of the embryo axis was
observed. At the same time, a cellular proliferation occurred
around the somatic embryo axis, especially on the scutel-
lum tissue, where it was possible to observe meristematic
centers (Fig. 3c). This observation led to an understanding
of the development of secondary embryo clusters fused to
the scutellar tissues and the effect of 2,4-D in inducing sec-
ondary embryogenesis in the scutellum tissues. Thus main-
tenance of embryogenic calli in media with 2,4-D led to
secondary embryogenesis from the regenerated embryos.
Plant regeneration from these fused embryo clusters (Fig. 2f)
was inefficient because of their non-synchronic maturation.
Long-term culture in the presence of 2,4-D in the medium
led to clusters of reduced-size fused somatic embryos,
which did not undergo maturation and did not germinate
into plantlets. Therefore, to develop a reliable protocol for
scale-up plant production in D. asper, further studies focus-
ing on the control of secondary somatic embryogenesis is

Table 3 Callus induction and explant contamination percentages of Dendrocalamus asper young spikelets in the function of longitudinal halve

cutting and the explant orientation on the culture medium

Longitudinalcutting Explant orientation on medium Induction (%) Contamination (%)
- Non-cut 80.4+04.5b 05.0+023a
+ Cut surface downward oriented 63.3+06.7 c 03.7+02.0a
+ Cut surface upward oriented 98.7+01.2a 02.5+01.7 a

Mean + Standard error. Values followed by the same letter in the column are not significantly different according to the Duncan test (p <0.05).

Means obtained from 20 replicates (n=_80)
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recommended to improve somatic embryo development and
plant regeneration.

Plantlet's regeneration

Somatic embryos regenerated in all the tested media during
the multiplication. Normal somatic embryos were translu-
cent to white in color showing a regular rounded to spheri-
cal shape with the embryonal axis on their central region.
Most of them were easily detachable from the callus sur-
face. Plantlets developed (germinated) from round somatic
embryos with a smooth epidermis faster than in those with
the rough epidermis or fused scutellum (Fig. 2f). Green-
ing of the embryonic axis was observed after 7-10 days of
16 h photoperiod exposition, and shoots and roots developed
after 10—14 days. Histochemical analysis showed a consider-
able starch accumulation in the scutellum tissue (Fig. 3d),
which probably caused the yellowish to the white color of
the somatic embryos. Similar features were observed in
Phyllostachys edulis somatic embryos (Yuan et al. 2013).
That increased starch content on scutellum tissue was prob-
ably due to the sucrose enriched medium and the lack of
endosperm and aleurone layer on somatic embryos. Both
structures are primarily responsible for the starch accu-
mulation and starch related-enzymes in seeds. In somatic
embryos of D. hamiltonii, the scutellum substituted those
structures in the amylase accumulation and starch deposi-
tion (Godbole et al. 2004). In the present work,the success-
fully germinated in plantlets were transferred to test tubes
with basal medium, where synchronous rooting and shoot
elongation was observed. The typical leaves development of
embryonic seedlings was also observed during the plantlet
elongation (Fig. 1g). After 45 days, converted plants started
tillering and were acclimatized (Fig. 1h).

Conclusions

The present study described a somatic embryogenesis pro-
tocol from young spikelets of the giant bamboo, Dendro-
calamus asper (Fig. S2). A 3-step disinfection procedure
using ethanol and sodium hypochlorite in spikelet explants
gave rise to more than 95% of explants to be successfully
in vitro introduced. That procedure, combined with the
embryogenic competence of the young enclosing tissues
of the florets, resulted in an efficient in vitro callus culture
establishment. 2,4-D was essential for callus induction, and
the cytokinins (2-iP and Kin) tested showed an effect on
the type of callus obtained from spikelet and their embryo-
genic capacity. The longitudinal halve-cutting of spikelet
before inoculation further increased the callus induction
and the number of explants per spikelet, improving the effi-
ciency of in vitro introduction. When combined with 2-iP

@ Springer

or Kin, reduction of 2,4-D concentration resulted in a rapid
somatic embryo regeneration from the calli. These results
corroborated the already known benefits of using Kin for
bamboo micropropagation and showed that 2-iP as a fea-
sible alternative for bamboo somatic embryogenesis from
floral explants. The subculture of the somatic embryos to
the 18 uM 2,4-D +9 uM 2-iP (induction medium) led to
secondary embryogenesis from scutellum tissues, resulting
in fused and asynchronous embryos maturation. The somatic
embryos obtained were converted into plantlets in a PGR-
free medium. Embryogenic cultures induced from spikelets
allow the large-scale propagation of selected genotypes.
They are also an important method for rescue and ex situ
conservation of elite genotypes in a monocarpic flowering
event. In terms of future research would be useful to extend
current findings by improving the steps of somatic embryo
regeneration and plantlets germination. One of the most
important future demands is how many embryos could be
obtained from a single explant and the further analysis of
their genetic fidelity to the mother plants.
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