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ARTICLE INFO ABSTRACT

Keywords: Fast-growing forest species with multiple uses, like bamboo, have aroused interest for their silvicultural appli-
Bamboo cations. Bamboo species are a valuable source of renewable raw material, and Bambusa vulgaris is an econom-
Micropropagation ically important species. However, there are limitations to large-scale cloning of adult-selected genotypes. This
g::tic fidelity study aimed to evaluate the in vitro cloning of Bambusa vulgaris in different culture systems, sucrose and activated

charcoal supplementation by the inter-simple-sequence repeat (ISSR) molecular markers. In vitro bud multi-
plication and shoot elongation were evaluated in three cultivation systems: semi-solid and liquid culture media,
and temporary immersion bioreactor (TIB). The sucrose concentrations, 0 and 30 g L~ ! were evaluated in the
stages. Both the culture media were supplemented with 2.0 mg L ™! benzylaminopurine (BAP) and 0.5 mg L ™! a-
naphthalene acetic acid (NAA). The absence and presence of activated charcoal (100 mg L.~ 1) were evaluated in
the in vitro rooting. MS culture medium was supplemented with 2 mg L™! indole-3-butyric acid (IBA),
1.0 mg L™ NAA, and 0.5 mg L' BAP. Semi-solid culture medium supplemented with 30 g L™ of sucrose
presented superior emission of bud per explant. Liquid culture medium supplemented with 30 g L ™' of sucrose
presented the most elongated shoots. Activated charcoal in the culture medium did not influence the ad-
ventitious rooting. Micropropagated plants showed genetic fidelity and were clones of the adult selected plant.

Temporary immersion bioreactor

1. Introduction to the supply of forest resources and favors various ecological activities

(Li et al., 2015).

The forestry sector is undergoing intense technological develop-
ment. The main reason for this phenomenon is the high demand for
forest products and by-products, due mainly to population growth and
the increased use of renewable energy sources. Consequently, there is a
need to expand the production of wood and its derivatives, thus in-
tensifying the importance of increasing crop yield to supply the market
(Moreira, 2011; Oliveira et al., 2019; Pereira et al., 2019). Fast-growing
species with multiple uses are increasingly pursued to meet this de-
mand. One such alternative to traditional world forest species is
bamboo, which can serve as a wood substitute given that it contributes
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There is a great diversity of bamboos in the world, and Bambusa
vulgaris Schrad. ex J. C. Wendl. is considered an economically important
species which can be used for various agronomic and ecological ap-
plications (INBAR, 2017). Bamboo is grown for many finalities, in-
cluding reforestation, soil recovery, environmental protection, home
construction, furniture making, the fabrication of agricultural imple-
ments, the use in handicrafts, and pulp production for papermaking
(Cairo et al., 2018; Furlan et al., 2018; Garcia-Ramirez et al., 2014;
Ribeiro et al., 2020). However, bamboo propagation protocols have
some shortcomings (Nogueira et al., 2019), and more research is
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needed to improve the production techniques of clonal plants for
commercial applications. To overcome this problem, in vitro propaga-
tion can be adopted as a biotechnological tool for the production of
clonal plants (Santos et al., 2019; Teixeira et al., 2021). The develop-
ment of specific protocols for each species is essential: Studies on mi-
cropropagation show the use of different in vitro culture conditions. The
bioreactors, and liquid media can optimize the process and reduce
production costs, indicating the need for further research in this field of
study (Garcia-Ramirez et al., 2014; Moreira et al., 2013; Nogueira et al.,
2017; Ribeiro et al., 2016; Teixeira et al., 2021; Mirzabe et al., 2022).

Genetic changes, defined as somaclonal variations, may occur in
some growing conditions in the micropropagation (George et al., 2008).
Somaclonal variations are considered disadvantageous when the main
objective is to obtain clones (Konzen et al., 2021a). In this context, the
micropropagation technique can be validated using molecular tools to
evaluate plants' genetic fidelity in vitro (Konzen et al., 2017).

Our aim was to evaluate the cloning of Bambusa vulgaris in different
in vitro culture systems, sucrose and activated charcoal supplementa-
tion.

2. Material and methods
2.1. General description and source of propagules

Shoots were collected from Bambusa vulgaris Schrad. ex J. C. Wendl.
adult-selected plants (i.e., three 12 year-old cloned plants from a single
individual), in Lavras, Minas Gerais, Brazil (21°13’29.16” S;
44°58’1.87” W). The plants that served as a source of shoots were grown
in 4-L pots containing washed sand and subsoil (1:1, v:v) as substrate
and were placed in a greenhouse (Teixeira et al., 2021). Selected plants
were fertigated weekly with a nutrient solution developed for growth
and the emission of new shoots (Souza et al., 2022). Irrigation was
performed daily, directly on the substrate, avoiding contact between
water and the aerial part of the plants.

After shoot collection, the sheaths were removed, and their rem-
nants were carefully scraped with a scalpel to expose the shoots
(Teixeira et al., 2021). The material was then washed with deionized
and autoclaved water and neutral detergent. Then, the shoots were cut
down to 2-cm-long nodal explants and washed for 30 s in 70% hydro-
alcoholic solution, followed by a deionized and sterilized water wash.
The explants were immersed in a sodium hypochlorite (NaOCl) solution
(water:sodium hypochlorite, v:v, 1.00-1.25% active chlorine) for
10 min. At the end of the aseptic treatment, the explants were in-
oculated vertically in test tubes containing 10 mL of MS culture medium
(Murashige and Skoog, 1962), which were sealed with polyvinyl
chloride plastic film. The test tubes (20 x 100 mm) were placed in a
growth room at 24 °C ( = 1 °C) with 40 umol m™ s irradiation and a
16-hour photoperiod.

2.2. In vitro multiplication and elongation

Nodal explants considered established were arranged into three
different culture systems: (SSM) semi-solid medium in glass flasks
(72 x 72 x 100 mm) with 50 mL of MS culture medium (Fig. 1A); (LM)
liquid-medium in test tubes (25 x 150 mm) with 15 mL of stationary
MS culture medium (Fig. 1B); and (TIB) temporary immersion bior-
eactor with 150 mL of MS culture medium, with an immersion sequence
of 1 min every 3 h (Fig. 1C). Sucrose was added to all media in different
concentrations (0 and 30 g L™hH.

Culture media were supplemented with 2.0mgL~" of benzylami-
nopurine (BAP) and 0.5 mg L7 of a-naphthalene acetic acid (NAA) to
induce bud multiplication and accelerate the production of viable
shoots for in vitro rooting. The explants were placed in a growth room at
24°C ( = 1°C), 40 pmol m™ s irradiation, and 16-hour photoperiod.
The nutrient solution was renewed, and subcultures were performed
every four weeks. Survival, number of buds, length of shoots, and
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vigour were evaluated at 60 days. Tissue vigour was scored on a scale
from 1 to 4 (Fig. 2A).

The experiment was conducted in a completely randomized factorial
design (3 X 2), testing three culture systems (SSM: semi-solid medium,
LM: liquid medium, and TIB: temporary immersion bioreactor) and two
sucrose concentrations (0 and 30 gL~ 1. Each treatment consisted of 15
replicates (one explant per replicate).

2.3. Invitro rooting

Explants with 5cm of length (i.e., derived from the multiplication
and elongation stages) were inoculated into glass flasks (72 X 72 x
100 mm) containing 50 mL of MS semi-solid culture medium supple-
mented with 2mgL~"! of indole-3-butyric acid (IBA), 1 mgL~' NAA,
and 0.5mgL~! BAP and 30gL™' of sucrose. The treatments tested
consisted of two concentrations of activated charcoal (0 and
100mgL~!). The flasks were placed in a growth room at 24°C
( = 1°C) with 40 pmol m~2 s7! irradiation and a 16-hour photo-
period. Rooting percentage and tissue oxidation were evaluated at 60
days. Oxidation was scored from 1 to 4 (Fig. 2B).

The experiment had a completely randomized design, testing two
activated charcoal concentrations (0 and 100 mg L™1). Each treatment
consisted of 20 replicates (one explant per replicate).

2.4. Culture medium preparation

The culture medium was prepared with deionized water and 6 g L.~ *
agar (ie., for semi-solid culture medium, only). Sucrose was added
according to treatment (i.e., 0 or 30 g L.~ ). The pH was adjusted to 5.8
with HCl (0.1 M) and NaOH (0.1 M) before adding the agar to the
culture medium. Then the medium was autoclaved at 127 °C (1.5 kgf
cm~?) for 20 min. Plant growth regulators (PGR) were added to the
culture medium before autoclaving.

2.5. Genetic fidelity

Young leaves were collected from in vitro-rooted plants and the
selected plant to evaluate the genetic fidelity. DNA was extracted ac-
cording to the protocol adapted from Ferreira and Grattapaglia (1998).
For genetic fidelity analysis, 20 primers were used in PCR (Table 1).

ISSR reactions were prepared in microplates (PCR-96, Axygen
Scientific). Three microlitres of DNA (standardized at 20 ng uL. ™~ ! for all
samples) and 10 pL of reaction mix [1.5 mM Phoneutria® PCR buffer,
1.5mM dNTP, 1U of Phoneutria® Taq polymerase (5UuL™'), Taq
diluent (based on BSA and Tris HCl), 0.2 mM of each primer, and ul-
trapure water to complete the volume (4.2 uL)] were added to each
well. The DNAs were amplified in a GeneAmp PCR System 9700
thermal cycler, with the following steps: 2 min at 94 °C for initial de-
naturation; 37 cycles of 30s at 94 °C, 30s at 42 °C, and 1 min at 72 °C;
and a final extension for 7 min at 72 °C. The amplification products
were separated in 1.5% agarose gel and stained with Gel Red™
(Uniscience). The amplicons were analysed visually.

2.6. Statistical analysis

Data were analysed with R software (version 4.2.1) (R Core Team,
2022) with the ExpDes package, version 1.1.2 (Ferreira et al., 2013).
The data collected from the experiments were analysed for homo-
scedasticity and normality of residuals using the Hartley (p > 0.05)
and Shapiro-Wilk tests (p > 0.05), respectively. According to the re-
sults of the Hartley and Shapiro-Wilk tests, the data were Box-Cox
transformed. The data were then subjected to analysis of variance
(ANOVA, p < 0.05), and the means were compared by Tukey's test
(p < 0.05). Principal component analysis (PCA) was performed with
the R software (R Core Team, 2022), using the "factoextra" R package
(version 1.0.7) (Kassambara and Mundt, 2020).
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Fig. 1. Culture systems tested in the in vitro multiplication and elongation stages of Bambusa vulgaris. (A) SSM: semi-solid medium, (B) LM: liquid medium, and (C)

TIB: temporary immersion bioreactor. Bar = 1.0 cm.

Scoring scale
1 2 3 4

Vigour

Oxidation

Fig. 2. Tissue vigour and oxidation evaluations of Bambusa vulgaris according
to the scoring scale. (A) Vigour: 1 = Excellent: induction of bud and shoot with
active growth, without apparent nutritional deficiency; 2 = Good: induction of
bud and shoot but with reduced growth; 3 = Regular: small bud and shoot
development and/or apparent nutritional deficiency; 4 = Poor: senescence and
death of the explant; (B) Oxidation: 1 = Null: no oxidation; 2 = Low: reduced
oxidation of the explant base; 3 = Intermediate: oxidation and color change in
the culture medium; 4 = High: complete shoot oxidation (i.e., darkened of the
culture medium). Bars = 2.0 cm.

3. Results
3.1. In vitro multiplication and elongation

There was no interaction between culture systems and sucrose
concentration (i.e., factors) for survival (Fig. 3A-B). However, there was
interaction for the factors when was considered the number of buds per
explant (Fig. 3C) and shoot length (Fig. 3D).

In vitro multiplication and elongation of the B. vulgaris co-occurred.

Table 1

Description of ISSR primers used in the genetic
fidelity analysis of Bambusa vulgaris in vitro-r-
ooted plants and selected plant.

Primer Sequence
Becky (CA),-YC
Chris (CA),-YG
John (AG),-YC
Manny (CAC)4-RC
Mao (CTC)4-RC
Omar (GAG)4-RC
UBC809 (AG)s-G
UBC810 (GA)s-T
UBC813 (CT)g-T
UBC814 (CTNe-TG
UBC825 (AQ)s-T
UBC827 (AQ)s-G
UBC834 (AG)s-YT
UBC835 (AG)s-YC
UBC840 (GA)g-YT
UBC842 (GA)s-YG
UBC848 (CA)g-RG
UBC857 (AQ)s-YG
UBC898 (CA)6-RY
UBC901 (GT)s-YR

Note: R = purine (An or G) and Y = pyr-
imidine (C or T).

In this stage, the sucrose concentration presented a significant effect on
survival, with the highest mean survival (86.6%) in the concentration
of 30 gL, In the absence of sucrose, there was only 20% of survival
(Fig. 3A).

The culture system adopted did not affect the survival 60 days after
the inoculation. The highest mean survival occurred under the semi-
solid medium (65%), though it did not differ from that under the liquid
medium (40%) or temporary immersion bioreactor (55%) (Fig. 3B).
Thus, regardless of the culture system, B. vulgaris depends highly of the
sucrose for its in vitro survival. Semi-solid culture medium presented 4.1
buds per explant at a concentration of 30 gL~ ! sucrose (Fig. 3C) and
was superior to the other treatments.

The length of elongated shoots differed according to the adopted
cultivation system: The longest mean lengths were observed when the
explants were subjected to the SSM and LM systems, at 7.9 cm and
10.8 cm, respectively, both at a concentration of 30 gL~ sucrose
(Fig. 3D). The most significant difference in shoot length occurred when
the explants were supplemented with carbohydrate (30 gL™!), the
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Fig. 3. Characteristics that were evaluated in the in vitro multiplication and elongation of Bambusa vulgaris in the different culture systems (SSM: semi-solid medium,
LM: liquid medium, and TIB: temporary immersion bioreactor) and sucrose (0 and 30 g L™1Y. (A) Survival according to sucrose concentration; (B) Survival according
to culture system; (C) Number of buds per explant according to culture system and sucrose; (D) Shoot length according to culture system and sucrose. In (A), means
followed by the same letter do not differ significantly by Tukey's test (p < 0.05). In (C) and (D), means followed by the same lowercase letter do not differ
significantly between culture systems, and means followed by the same uppercase letter do not differ significantly between sucrose concentration by Tukey's test

(p < 0.05). Data are mean + standard error.

highest mean being observed in the LM (10.8 cm). These findings sug-
gest that the LM system with sucrose supplementation is the most sui-
table for the shoot elongation of B. vulgaris under in vitro conditions,
showing a strong dependence on the addition of carbohydrate to the
culture medium.

Principal component analysis (PC1 and PC2) revealed that the SSM
and TIB systems supplemented with 30 gL.™* of sucrose were the best
treatments for vigour in the in vitro multiplication and elongation
stages, given that the highest frequency of scores 1 and 2 (i.e., accu-
mulated value of 80%) (Fig. 4). LM supplemented with sucrose nega-
tively correlated with vigour (Fig. 4). According to the scoring scale for
vigour (Fig. 2A), the highest frequencies were observed for score 4 in all
three systems without sucrose supplementation (SSM: 70%; LM: 80%;
TIB: 80%) (Fig. 4).

3.2. In vitro rooting

There was no difference in adventitious rooting at 60 days after
inoculation, according to the presence or absence of activated charcoal
in the culture medium. The presence of adventitious roots was observed
in the presence and absence of activated charcoal (Fig. 5A-C) in the

culture medium, with 58.3% and 50.0% rooting, respectively. There-
fore, using activated charcoal does not favour adventitious root in-
duction or its emission in B. vulgaris.

According to PCA of the oxidation scoring scale (Fig. 2B), 80% of the
explants cultivated in the culture medium with activated charcoal
presented a score of 1; that is, they did not present tissue oxidation or a
culture medium colour change (Fig. 6). In contrast, 60% of the explants
subjected to the culture medium without activated charcoal had a score
of 3, showing a high correlation (Fig. 6). Thus, to obtain B. vulgaris
plants free of oxidation in the adventitious rooting stage, supple-
mentation of 100 mg L.~ ! of activated charcoal to the culture medium is
a viable procedure.

3.3. Genetic fidelity

In vitro-rooted plants were clones of the B. vulgaris selected plant.
Evaluating genetic fidelity with 20 primers, 15 exhibited adequate
characteristics (Fig. 7), with adequate amplification and discernible
bands that were taken into consideration to determine genetic fidelity.

The 15 primers' results that showed amplification identified mono-
morphism in all bands for all individuals (Table 2). For identifying the
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Principal Component Analysis
5-

Dim2 (26.2%)

Dim1 (32.2%)

bands, strong intensity and clear separation from other bands were used
as criteria. The absence of polymorphisms confirmed that there was no
somaclonal variation.

4. Discussion
4.1. In vitro multiplication and elongation

Sucrose concentrations utilized in the culture medium for the in vitro
multiplication and elongation of B. vulgaris affected the survival of the
explants. There was no relationship between the culture system type
and species survival.

Bambusa vulgaris demonstrated a strong dependence on carbohy-
drates for the maintenance of survival and success in multiplication.
The absence of sucrose in the adopted culture can result in higher

Advances in Bamboo Science 3 (2023) 100024

Fig. 4. Principal component analysis (PCA) of frequency
of vigour based on the scoring scale of Bambusa vulgaris
(Fig. 2A) in different culture systems and sucrose supple-
mentation at 60 days. SSM_0 = semi-solid medium in the
absence of sucrose, SSM_30 = semi-solid medium with
supplementation of 30gL™! of sucrose, LM_0 = liquid
medium in the absence of sucrose, LM_30 = liquid
medium with supplementation of 30gL™! of sucrose,
TIB_0 = temporary immersion bioreactor in the absence of
sucrose, and TIB_30 = temporary immersion bioreactor
with supplementation of 30gL™"' of sucrose. Vigour:

Treatment Score_1 = Excellent: induction of bud and shoot with ac-
Iz] SSM 0 tive growth, without apparent nutritional deficiency;
SSM 30 Score_2 = Good: induction of bud and shoot but with re-

duced growth; Score_3 = Regular: small bud and shoot
development and/or apparent nutritional deficiency;
Score_4 = Poor: senescence and death of the explant.
Diml = Principal component 1 (PC1), Dim2 = Principal
component 2 (PC2).

mortality of explants cultivated in vitro (Ribeiro et al., 2016). The plants
do not have ideal CO, and O, concentrations for their development on
in vitro culture, then, they may become partially heterotrophic. Thus,
plants need an exogenous carbohydrate source for photosynthesis,
sustain growth, and meet their metabolic needs. It means that the ab-
sence of an external energy source that benefits the biosynthesis of
structural and functional components in the culture medium can cause
explant mortality (George et al., 2008).

The mean buds per explant were higher with the semi-solid culture
medium supplemented with 30 gL~ sucrose. For the length of elon-
gated shoots, the liquid medium with 30 gL~! sucrose provided the
best results. Using a liquid culture medium or temporary immersion
bioreactor showed more satisfactory results for in vitro multiplication
and elongation in B. vulgaris (Ribeiro et al., 2016), similarly found for
shoot length.

[

L
)
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\\‘\\\Ml\'n

D
‘"’"/ P
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Fig. 5. Invitro emission of adventitious roots in Bambusa vulgaris explants. Legend: (A) rooting in culture medium with the addition of activated charcoal; (B) and (C)
rooting in culture medium without the addition of activated charcoal. Bar = 1.0 cm.
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Principal Component Analysis
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Highest mean elongated shoot length came about when the explants
were grown in the culture system with a liquid medium. The more
significant contact between the explant surface and the culture
medium, the higher the growth is due to increased absorption of water
and nutrients, given that the liquid medium offers uniform culture
conditions (Nogueira et al., 2017).

During the in vitro culture, a critical issue is the physical state of the
culture medium (i.e., semi-solid or liquid). It may directly affect the in
vitro development of explants due to differences in contact between the
plants and the culture medium. Thus, it is necessary to define the
composition and type of culture medium used since the nutritional
requirements necessary for the growth and development of tissues de-
pend on several factors, especially the species, genotype, and explants

CLONES

Manny

CLONES CLONES
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Fig. 6. Principal component analysis (PCA) of frequency
of tissue oxidation based on the scoring scale of Bambusa
vulgaris (Fig. 2A) in different activated charcoal at 60 days.
AC_0 = absence of activated charcoal in culture medium,
AC_100 = supplementation of 100mgL~' of activated
charcoal in culture medium. Oxidation: Score_1 = Null: no
oxidation; Score_2 = Low: reduced oxidation of the ex-
plant base; Score_3 = Intermediate: oxidation and color
change in the culture medium; Score_4 = High: complete
shoot oxidation (i.e., darkened of the culture medium).
Dim1 = Principal component 1 (PC1), Dim2 = Principal
component 2 (PC2).

Treatment

(@] Aco

AC_100

(Greenway et al., 2012; Mengarda et al., 2009; Mirzabe et al., 2022).

The adoption of different culture media and different systems have
been described for the in vitro culture of several bamboo species, such as
Bambusa vulgaris (Garcia-Ramirez et al., 2014; Garcia-Ramirez et al.,
2019; Ribeiro et al., 2016), Guadua angustifolia (Gutiérrez et al., 2016),
Guadua longifimbriata, and Guadua angustifolia (Costa et al., 2017), re-
inforcing the importance and the need for more in-depth studies to
define micropropagation protocols for commercial applications of
bamboo species.

Highest frequency of explants with score 1 of vigour response was
observed in the SSM and TIB systems supplemented with 30 gL ™! su-
crose (Fig. 4). The most frequent score was 4 in the semi-solid (70%),
liquid (80%), and bioreactor (80%) cultivation systems without the

CLONES
'lll....l‘!e'
Becky

CLONES

oo OOASRONNAN BAROORRORHA

UBC 809 UBC 842

UBC 848 UBC 898

Fig. 7. Gel obtained using the ISSR primers Manny, MAO, Omar, Becky, UBC809, UBC842, UBC848, and UBC898 for Bambusa vulgaris. M: Selected plant, CLONES: In

vitro-rooted plant.
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Table 2
Results of primer amplification of Bambusa vulgaris.

Primer Total amplicons Monomorphic Polymorphic

Becky
Chris
John
Manny
MAO
Omar
UBC809
UBC810
UBC813
UBC814
UBC825
UBC827
UBC834
UBC835
UBC840
UBC842
UBC848
UBC857
UBC898
UBC901

SQWWHABAUDAROODUOOWDHAUDSAOOSA WU
SQWWHAPAUDARODODUOOWDHAUDAOOSA WO
[=l=leleNel-R-R-l-leleleleNe == =lilloo)

sucrose. Thus, the low vigour observed in B. vulgaris in the present study
was probably caused by the lack of sucrose in the culture medium. The
concentration and type of carbohydrates used in the culture medium
are extremely important factors in the in vitro culture of plants as the
source of energy to shoot and root morphogenesis (Carvalho et al.,
2013; Silva et al., 2016). Thus, there is a need for carbohydrate sup-
plementation in the culture medium to favour rapid in vitro growth and
development of B. vulgaris.

4.2. In vitro rooting

The supplementation of active charcoal did not influence the in vitro
rooting of B. vulgaris, and root formation was observed both in the
absence and in the presence of charcoal in the culture medium. The
rooting of bamboo shoots under in vitro culture is a key step for suc-
cessful micropropagation (Sandhu et al., 2018; Konzen et al., 2021b),
but bamboo species do not root easily when in vitro grown (Mudoi et al.,
2013). This may occur because rhizogenesis is influenced by several
factors, such as the concentrations of PGRs, luminosity, nutritional
status, and genetic aspects of each individual (Geiss et al., 2009).

The finding that activated charcoal did not influence rooting may be
related to the PGRs that were added at the same concentrations in all
evaluated treatments, corroborating the observations of Ribeiro et al.
(2020). According to Sandhu et al. (2018), bamboo rooting varies be-
tween species and is highly specific to each genotype. Therefore, this
response may be attributed to endogenous hormone levels and to each
explant's different exogenous PGR requirements. Activated charcoal has
the physical ability to simulate dark conditions, under which roots ty-
pically develop better, and it has the chemical ability to retain some of
the elements that make up the culture medium, acting as an adsorbent.
However, the use of activated charcoal does not always have ad-
vantages, given that it can act both as a growth promoter and as an
inhibitor; it can adsorb key nutrients for growth and release them
gradually, and it can adsorb toxic compounds (Leitzke et al., 2009; Villa
et al., 2014; Ribeiro et al., 2020).

There was a beneficial effect of adding activated charcoal to the
culture medium on oxidation in the rooting (Fig. 5). The oxidation
process is usually associated with tissue healing mechanisms, which
cause the exudation of phenolic compounds and is determined by the
darkening of the explants and culture medium (Mudoi et al., 2013; Van
Winkle et al., 2003). Phenolic oxidation is often reported in in vi-
tro—cultivated bamboo species, such as Bambusa vulgaris (Brondani
et al., 2017; Furlan et al., 2018), Dendrocalamus asper (Brondani et al.,
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2017), Guadua longifimbriata, and Guadua angustifolia (Costa et al.,
2017). Thus, the results obtained in the present study support the in-
dication of activated charcoal to solve such problems in bamboo spe-
cies. However, according to Furlan et al. (2018), further research is
needed to effectively evaluate the adventitious rooting ability of B.
vulgaris explants, given that protocols for this purpose are few.

4.3. Genetic fidelity

Plants showed no genetic variation from the propagule donor se-
lected plant, even when subjected to PGRs, different cultivation sys-
tems, and eight subcultures (120 days). They are therefore considered
authentic clones.

Commercial sectors focused on bamboo species have gained pro-
minence in recent years, and everything indicates a promising future. In
this context the establishment of technologies focused on the micro-
propagation of mature tissues free of somaclonal variation is a chal-
lenge (Singh et al., 2012; Singh et al., 2013; Konzen et al., 2021a). The
possibility of genetic variation cannot be ruled out, so morphological,
physiological, and molecular evaluations are fundamental to the com-
mercial application of propagation technologies (Negi and Saxena,
2011). The occurrence of mutations cannot be predicted, and it seems
that several factors can alter the frequency and nature of the soma-
clonal variation, such as the explant donor genotype, the culture con-
ditions, the explant type, the culture medium, the use of PGRs, and the
stress caused by in vitro culture (Venkatachalam et al., 2007). In gen-
eral, somaclonal variation is a phenotypic variation that may be of
genetic origin, that is, a chromosomal variation that becomes heritable
in subsequent generations or of epigenetic origin, that is, a transient
variation due to the physiological stress that the plant material is
subjected to in vitro culture (Bairu et al., 2011; Wang and Wang, 2012).
The genetic fidelity of micropropagated plants is commonly addressed
in studies and is essential for understanding the factors involved in
bamboo propagation (Konzen et al., 2017). In most cases, it is de-
termined using DNA-based molecular markers.

ISSR markers applied for these purposes in bamboo species (i.e.,
confirmation of genetic fidelity) were reported in Bambusa balcooa
(Negi and Saxena, 2010), Bambusa bambos (Anand et al., 2013), Bam-
busa vulgaris (Teixeira et al., 2021), and Guadua magna and Guadua
angustifolia (Nogueira et al., 2019). In these studies, no genetic varia-
tion in plants grown in vitro was observed in any of the culture systems
evaluated, demonstrating the efficiency of clone production.

5. Conclusions

Semi-solid culture medium supplemented with 30 gL~ of sucrose
presented the best results for bud multiplication.

Liquid culture medium supplemented with 30gL~! of sucrose
presented the best results for shoot elongation.

Semi-solid culture medium and TIB presented the best results for
vigour.

Activated charcoal supplemented in the culture medium did not
affect adventitious root formation, but reduced tissue oxidation.

Micropropagated plants showed genetic fidelity and were clones of
the selected plant.
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