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Height and number of shoots on the survival and development of 
micropropagated bamboo plantlets during pre-acclimatization1

Paulo Arthur Almeida do Vale2, João Bosco de Oliveira Júnior3, 
Frederico Henrique da Silva Costa3, Jonny Everson Scherwinski-Pereira4

INTRODUCTION

Brazil has a favorable climate and vast 
territory, including degraded areas considered 
unsuitable for agriculture, but suitable for the 
planting of bamboo species of commercial value, 
which could make the nation a major producer and 

ABSTRACT RESUMO

worldwide exporter of this raw material. Therefore, 
it is essential to advance research and development 
programs with technologies capable of generating 
a scientific knowledge that ensures technological 
innovation, sustainability and potentialization of the 
use of native and planted bamboo, which represent an 
innovative and interesting alternative to the Brazilian 
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During the in vitro multiplication of bamboo plantlets, 
it is common the formation of shoots aggregates. Once 
individualized, these can yield a greater number of plantlets 
than if planted in clusters. This study aimed to evaluate the 
effect of the relationship between height and number of initial 
shoots in micropropagated bamboo plantlets on the survival and 
development of plants, during the pre-acclimatization stage. 
Guadua aff. chaparensis shoots, after successive subcultures 
of in vitro multiplication, were classified into three height 
classes (2.5-5.0 cm; 5.1-10.0 cm; 10.1-15.0 cm) and number of 
aggregate shoots (one shoot per plantlet/single-stem plantlet, 
two and three shoots per plantlet) and pre-acclimatized in a 
commercial substrate composition plus washed sand. The 
plantlets were evaluated for survival, height, number of new 
shoots and roots, shoot and root fresh and dry mass. In plantlets 
from micropropagation, the plant height does not influence the 
survival rates, being acclimatized preferably at heights between 
5.0 cm and 15.0 cm, with survival rates of up to 97 %. Plantlets 
with height starting at 5.1 cm and composed of 2 or 3 initial 
shoots show a greater vigor and ex vitro growth, a fact evidenced 
by the higher values obtained in relation to height and emission of 
new shoots and roots, as well as a greater fresh and dry biomass 
accumulation.

KEYWORDS: Guadua aff. chaparensis, Bambusoideae, 
vegetative propagation.

Altura e número de brotos na sobrevivência e 
desenvolvimento de mudas micropropagadas de 

bambu durante a pré-aclimatização

Durante a multiplicação in vitro de bambu, é rotineiro ocorrer 
a formação de agregados de brotos. Uma vez individualizados, 
eles podem render maior número de mudas do que se plantados 
agrupados. Objetivou-se avaliar o efeito da relação entre a altura e 
o número de brotos iniciais em mudas de bambu micropropagadas 
na sobrevivência e desenvolvimento das plantas, durante a pré-
aclimatização. Brotações de Guadua aff. chaparensis, após sucessivos 
subcultivos de multiplicação in vitro, foram classificadas em três 
classes de altura (2,5-5,0 cm; 5,1-10.0 cm; 10,1-15,0 cm) e número 
de brotos agregados (um broto por planta/muda com haste única, 
dois e três brotos por muda) e pré-aclimatizadas em composição de 
substrato comercial e areia lavada. Foram avaliados a sobrevivência, 
altura, número de novos brotos e raízes, massa fresca e seca da parte 
aérea e raízes. Em mudas provenientes de micropropagação, a altura 
das plantas não influencia nas taxas de sobrevivência, podendo ser 
aclimatizadas, preferencialmente, com alturas entre 5,0 cm e 15,0 cm, 
com taxas de sobrevivência de até 97 %. Mudas com altura superior 
a 5,1 cm e compostas por 2 ou 3 brotos iniciais apresentam maior 
vigor e crescimento ex vitro, fato comprovado pelos maiores valores 
obtidos em relação à altura e emissão de novos brotos e raízes, bem 
como maior acúmulo de biomassa fresca e seca.

PALAVRAS-CHAVE: Guadua aff. chaparensis, Bambusoideae, 
propagação vegetativa.

Special Supplement: Bamboo
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agribusiness (Kleinhenz & Midmore 2001, Das et al. 
2008, Greco et al. 2011).

However, despite the versatility of uses and the 
potential of bamboo as a raw material, an important 
limitation for the development of the production 
chain of this plant refers to the slow and deficient 
vegetative multiplication process. Additionally, 
the bamboo flowering, which is generally a rare 
phenomenon and, depending on the species, may 
occur after decades (Ramanayake 2006, Lin et al. 
2010, Zhao et al. 2015) and exhibit a low seed 
viability, hinders its sexual propagation. 

For this reason, bamboo plants are propagated 
vegetatively, primarily by techniques such as direct 
transplanting (clump unfolding) and rooting cuttings 
(culm fragments) (Sousa 2018), which, although 
relatively efficient, are neither economically 
feasible nor recommended for the large-scale 
production of plantlets (Singh et al. 2013, Nogueira 
et al. 2017).

Thus, due to the inconvenience and limitations 
associated with sexual and asexual reproduction 
methods, micropropagation is an excellent alternative 
for the clonal multiplication of bamboo in a 
continuous way and with phytosanitary certification. 
After developing the protocol to the species, this 
technique allows a large-scale plant production 
and ensures genetic identity, starting from somatic 
tissue from selected matrices of high agronomic 
and commercial value, where other propagation 
processes are less advantageous (Gillis et al. 2007, 
Nogueira et al. 2017, Gantait et al. 2018).

Of al l  the micropropagation stages, 
acclimatization is one of the most important, 
because it is the last phase in which plants need to 
be gradually adapted to the ex vitro environment. For 
many species, this stage is determinant for the success 
of the commercial production of micropropagated 
plantlets, since, in the laboratory, they are under an 
environment with high relative humidity, reduced 
light intensity, limited gas exchange and constant 
temperature and photoperiod, conditions very 
different from when transplanted to the natural 
environment. Accordingly, plants developed in 
vitro become heterotrophic and may exhibit limited 
structural and functional characteristics and, 
when subjected to acclimatization, are exposed 
to moderate or severe environmental stress (Van 
Huylenbroeck & Debergh 1996, Luis et al. 2010, 
Mishra et al. 2011, Singh et al. 2013, Gomes et 

al. 2015). Moreover, for bamboo, there is also the 
heterogeneous size of the plants and the number 
of clusters aggregated to the plantlets when they 
are taken to acclimatization, which may interfere 
in the transpiration, energy metabolism, vigor and 
emission of new shoots during the ex vitro stage, 
characteristics that may quickly lead to the plant 
death under greenhouse conditions.

Due to the low volume of information on 
the factors that influence the acclimatization of 
micropropagated bamboo plantlets, this study 
aimed to evaluate the effect of the relationship 
between height and number of initial shoots in 
micropropagated bamboo plantlets (Guadua aff. 
chaparensis) on the survival and development of 
plants, during the pre-acclimatization stage.

MATERIAL AND METHODS

The in vitro culture was carried out at the 
Fundação de Tecnologia do Estado do Acre and the 
experiment conducted at the Universidade Federal 
do Acre, both in Rio Branco, Acre state, Brazil, 
from May to August 2016. Guadua aff. chaparensis 
material was used. A voucher specimen of the material 
is deposited in the herbarium of the Universidade de 
Brasília (voucher HPMU-321), in Brasília, Brazil.

The plantlets used in the experiment were 
obtained from in vitro seed germination, followed by 
successive subcultures of in vitro multiplication by 
separation of shoots and transferring to a fresh culture 
medium (Figure 1A). For micropropagation, the 
Murashige & Skoog (1962) medium supplemented 
with 20 g L-1 of sucrose and 3.0 mg L-1 of N6-
benzylaminopurine (BAP) was used, and pH was 
adjusted to 5.6 ± 0.1. Cultivation was carried out in 
the stationary liquid system, in 500 mL glass flasks 
with 80 mL of medium (Figure 1B). The cultures were 
kept in a growth chamber, with photoperiod of 16 h, 
light intensity of 30 µmol m-2 s-1 (supplied by white 
tubular fluorescent lamps) and room temperature of 
25 ± 2 ºC.

Once obtained, the plantlets were transferred to 
liquid Murashige & Skoog culture medium devoided 
of BAP and kept in a growth chamber for two months. 
The plants were then removed from the flasks, washed 
in tap water to remove the culture medium excess 
and pruned at the roots (average of 1.0 cm in length). 
Subsequently, the plants were classified according to 
the height and number of aggregate shoots (clusters).
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The experiment was conducted in a completely 
randomized design, in the pre-acclimatization phase. 
Treatments, in a 3 x 3 factorial arrangement, were 
represented by three classes of shoot height (CL1: 
2.5-5.0 cm; CL2: 5.1-10.0 cm; CL3: 10.1-15.0 cm) 
and number of shoots per plantlet (CLns1: one 
shoot per plantlet/single-stem plantlet; CLns2: two 
shoots per plantlet; CLns3: three shoots per plantlet) 

(Figures 1C-E). Twenty replicates per treatment 
were used, and the experimental unit consisted of a 
container with one plantlet or cluster.

Concurrently with classification, the plants 
were transferred to transparent polyethylene cups 
(500 mL capacity) previously perforated, containing 
a commercial substrate composition (Tropstrato-HT) 
and washed sand at a ratio of 2:1 (v/v) (Figure 1F). 

Figure 1. Aspects of the micropropagation and pre-acclimatization phases of Guadua aff. chaparensis bamboo plantlets: A) initial 
shoots under in vitro multiplication in Murashige & Skoog (MS) medium with 3 mg L-1 of N6-benzylaminopurine; B) initial 
shoots in MS medium devoided of growth regulator; C-E) micropropagated and sorted plantlets, in relation to the number 
of shoots per plantlet; F) plantlets conditioned in a humid chamber system and kept in a growth chamber; G) plantlets at 
30 days under greenhouse conditions; H) plantlets at 60 days under greenhouse conditions.
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The pre-acclimatization protocol consisted of a 
period in a growth chamber with the same conditions 
mentioned previously, in a humid chamber cultivation 
system, for 30 days, followed by transferring to a 
greenhouse covered with plastic film and 70 % of 
shading, where they were maintained for additional 
60 days (Figures 1G-H). The plants were manually 
watered on a daily basis, with the aid of a sprayer.

Survival, plant height (measured with a 
ruler, from the plant base to the insertion of the last 
expanded leaf) and number of new shoots were 
evaluated monthly, for a period of up to 90 days. 
Survival was counted from the total number of 
plants per treatment (20 experimental units). At the 
end of this period, the root and shoot fresh and dry 
mass were determined. The dry mass was obtained 
at 65 ºC, for 72 h, in a forced circulation oven, until 
a constant value was verified.

In order to choose the most appropriate model 
for representing and applying the tests for statistical 
evaluation of the data, the R software environment 
was used, where the GLM models were applied 
using the Akaike information criterion, aided by the 
likelihood ratio test, to find relationships between 
possible model pairs.

For continuous variables of the “count” type, 
which assume non-negative integer values, the 
tested model considered Y as a variable with Poisson 
distribution. In the case of a binary response variable, 
the technique applied was that of generalized linear 
models. In the case of continuous variables responses, 
the criterion of discarding candidate models was used 

(Burnham & Anderson 2002). After this procedure, 
the analysis of variance (Anova) was used to verify 
the homoscedasticity (or heteroscedasticity) of the 
data through the residue graph and by the QQ plot. 
The averages were submitted to the residue normality 
(Shapiro-Wilk) and homogeneity (Bartlett 1937) 
tests. Data from the variables that did not meet one 
or both of the assumptions were transformed for 
residue normalization and/or homogenization of the 
variances. The averages were compared by the Tukey 
test at 5 % of probability. 

 
RESULTS AND DISCUSSION

For plant survival, the only significant 
likelihood ratio test was the Test 1, which considers 
the comparison of the Y~1 model, without predictor 
variables, with the Y~B model, that considers the 
number of initial shoots per plant. In the other tests, 
the inclusion in the T variable model (height class) 
did not show an evidence that it is a predictor of the 
survival condition of the plants, suggesting that, at 60 
days, survival is not explained by the initial height of 
the micropropagated plant. Thus, the model chosen 
to represent survival at 60 days was Y~B (Table 1). 

Regarding the effect of the number of initial 
shoots on the plantlet survival, the contrasts 
resulting from multiple comparisons by the Tukey 
test were not significant (p ˂ 0.05), indicating that 
the individualized plantlet (single stem) exhibited a 
survival statistically similar to plantlets containing 
associated shoots (Table 2). 

ns Not significant at α = 0.05 by the Tukey test. CLns1: one shoot per plantlet/single-stem plantlet; CLns2: two shoots per plantlet; CLns3: three shoots per plantlet.

Comparison Contrast Inferior limit Upper limit Standard error z-valor p-valor
CLns2-CLns1 1.1487 -0.0346 2.3212 0.5098 2.253 0.0593ns

CLns3-CLns1 1.7403 -0.0016 2.4821 0.7504 2.319 0.0505ns

CLns3-CLns2 0.5915 -1.3782 2.5612 0.8485 0.697 0.7582ns

Table 2. Contrasts of multiple comparisons at 5 % of significance in micropropagated Guadua aff. chacoensis plantlets, as a function 
of the initial number of shoots, at 60 days of pre-acclimatization.

Y: survival (yes/no); T: plantlet height class; B: number of initial shoots. * Significant at α = 0.05.

Test Model1 Model2 Statistical test (2LL) P-valor
1 Y~1 (without predictors) Y~B 11.33517   0.003456*
2 Y~1 (without predictors) Y~T  4.933867 0.084845
3 Y~B  Y~B + T 1.697115 0.428032
4 Y~B + T Y~B + T + B * T 7.082909 0.131571

Table 1. Likelihood ratio test results among some pairs of candidate models for the survival of micropropagated bamboo plantlets 
at 60 days of pre-acclimatization.
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It was verified that, after 60 days of pre-
acclimatization, the Guadua aff. chaparensis plantlets 
had a survival rate of over 88 %. Nonetheless, a 
higher survival was observed in plantlets with two 
or three shoots, respectively 95.9 % (CLns2: two 
shoots per plantlet) and 97.7 % (CLns3: three shoots 
per plantlet) (Figure 2). These results demonstrate the 
importance of the presence of shoots on the survival 
and growth of micropropagated plantlets during the 
pre-acclimatization stage.

Determining the conditions of the micro-
propagated plant and of the ex vitro environment 
is decisive in the process of acclimatization of 
propagules resulting from in vitro cultivation, as a 
way of ensuring a high percentage of survival and 
adequate development, and a guarantee of success 
after field planting (Singh et al. 2013). Despite the 
morphological and physiological differences among 
the species, micropropagated bamboo plants exhibit 

a high survival rate to the acclimatization process, 
as reported by Anand et al. (2013) with Bambusa 
bambos (80 % of survival), Mishra et al. (2011) 
with Bambusa tulda (91.0 %), García-Ramírez et 
al. (2015) with Bambusa vulgaris (75 %), Gantait 
et al. (2018) with Bambusa balcooa (95.8 %) and 
Jiménez et al. (2006) with Guadua chacoensis 
(85 %). In the present study, survival ranged from 
88.3 % to 97.7 %, without significant differences 
between the classes of plant height and number of 
initial shoots. 

The effects of treatments on the ex vitro 
development of the micropropagated plants showed 
a significant influence of the initial plant height 
and the number of initial shoots on the height, 
number of new shoots and biomass, in plantlets pre-
acclimatized for 90 days (Table 3). After 90 days 
of pre-acclimatization, significant differences were 
observed in both the height and number of shoots and 
roots, as well as dry and fresh mass of the plantlets. 
In general, larger plantlets generated individuals with 
a significantly greater height. 

The Tukey test comparisons show the 
variations of the number of shoots and roots formed 
according to the height and plantlet type used for 
pre-acclimatization. There was an increase in the 
emission of new shoots and roots due to the larger 
height and number of shoots of the pre-acclimatized 
plants (Table 4). The greater emission of new 
shoots in acclimatized plantlets may allow further 
multiplications by separation of sprouts, increasing 
the number of plantlets suitable for final planting, 
since the resulting plants are already adapted to the 
natural environment (Sharma & Sarma 2013).

The highest number of new shoots was 
obtained from pre-acclimatized plants with height 
equal to or greater than 5.0 cm (CL2 and CL3) 
and showing 2 or 3 shoots (CLns2 and CLns3). 

Figure 2. Survival of micropropagated Guadua aff. chaparensis 
plants under the effect of the number of shoots 
constituting the plantlet (CLns1: one shoot per plantlet/
single-stem plantlet; CLns2: two shoots per plantlet; 
CLns3: three shoots per plantlet), at 60 days of pre-
acclimatization. Equal letters indicate the absence of 
significant differences at 5 % by the Tukey test.

* Uppercase letters represent the comparison between the plantlets height, defining the plantlet classes according to the number of shoots, while lowercase letters represent 
the comparison between the plantlets, in relation to the number of initial shoots, according to height (p < 0.05). Contrasts were performed according to the Tukey test, 
at 5 % of significance. P-value adjusted by the single-step method. CL1: 2.5-5.0 cm; CL2: 5.1-10.0 cm; CL3: 10.1-15 cm; CLns1: one shoot per plantlet/single-stem 
plantlet; CLns2: two shoots per plantlet; CLns3: three shoots per plantlet; SE: standard error.

Plantlet 
height

Plantlet classes (number of initial shoots per plantlet)
CLns1 CLns2 CLns3

Average (± SE) Groups Average (± SE) Groups Average (± SE) Groups
CL1 10.9 ± 4.6 Aa* 17.7 ± 5.1 ABb 14.9 ± 4.4   Bab
CL2  11.9 ± 3.0 Aa 14.8 ± 4.6 ABa 17.3 ± 4.5 Ba
CL3  14.1 ± 4.2 Aa 19.1 ± 4.7 Bb 18.8 ± 3.6 Ba

Table 3. Influence of height and number of initial shoots of Guadua aff. chaparensis plantlets on plant height, after 90 days of pre-
acclimatization.
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By evaluating the influence of plant height on 
micropropagated Bambusa vulgaris, García-Ramírez 
et al. (2015) found that 4.0-cm plantlets had a higher 
net assimilation rate, leaf area, individual growth 
and root and leaf emission in pre-acclimatization, if 
compared to those with a height of 3.0 cm.

For the number of roots, the best results were 
obtained in the combination of individual plantlets 
(single stem) and height starting at 5.0 cm (CL2), and 
in the treatment with 2 shoots (CLns2), with plantlets 
measuring 5.0-10.0 cm (CL2), which differed 
significantly from the other treatments (Table 4). The 
higher number of roots in the pre-acclimatization 
phase is an important factor in acclimatization, 
because it ensures better conditions for plant survival 
and growth, since the roots set the plant onto the 
substrate and absorb water and mineral nutrients 
(Oliveira et al. 2008).

The production and allocation of biomass in 
bamboo is influenced by factors such as the amount 
of available water in the substrate or the soil, intensity 
and quality of light, and quantity and balance of the 
nutrients present in the substrate (Oliveira et al. 2008). 
Additionally, it is imperative that micropropagated 
plants exhibit adequate structural and physiological 
characteristics that guarantee a minimum of stress 
when submitted to the ex vitro environment, with a 
rapid adaptation, high survival and development in 
the field (Luis et al. 2010).

Thus, the knowledge of the gain in biomass, 
due to the organogenic process, both for shoots and 
roots, may be decisive in predicting the survival rate 
of large-scale plants, since structures with a higher 
biomass can enable plants to more easily overcome 

the environmental differences and other types of 
stress resulting from acclimatization. The unequal 
formation of shoots and roots is recurrent in plants 
grown in vitro, and may be attributed to the species 
or factors such as explant origin, cultivation system 
(liquid medium, semi-solid medium, bioreactors) and 
unequal physiological activity of meristematic cells, 
or be caused by somaclonal variation (Darwesh 2015, 
García-Ramírez et al. 2015, Gomes et al. 2015).

In this study, higher values for shoot fresh 
biomass were concentrated in the treatments 
composed of plantlets with a greater initial height 
(CL2 and CL3; 5.0-15.0 cm) and presence of initial 
shoots (CLns2 or CLns3, two or three aggregate 
shoots). Greater root fresh and dry biomass were 
obtained when plantlets with two or three initial 
shoots were used (p < 0.05), regardless of the plant 
height. Similar results were observed in larger 
plantlets (CL2 and CL3) with two to three associated 
shoots (CLns2 and CLns3) (Table 5). These 
results demonstrate the importance of plant height 
standardization and support management practices in 
the pre-acclimatization and/or acclimatization stages 
in micropropagated bamboo.

The results obtained in this study allows to 
affirm that, at 90 days of pre-acclimatization, the 
survival of micropropagated Guadua aff. chaparensis 
plantlets is not significantly influenced by height (3.0-
15.0 cm) and presence of initial shoots of the plantlet 
used. According to the present research, plantlets with 
a height of more than 5.0 cm and 2 or 3 associated 
shoots are more suitable for greater emission of new 
shoots and roots, as well as accumulation of fresh 
and dry biomass. 

Table 4. Influence of height and number of shoots of initial Guadua aff. chaparensis plantlets on the number of shoots and roots, 
at 90 days of pre-acclimatization.

Plantlet 
height

Plantlet classes (number of initial shoots per plantlet)
CLns1 CLns2 CLns3

Average (± SE)     Groups     Average (± SE)       Groups      Average (± SE) Groups
Number of shoots per plantlet

CL1 2.5 ± 1.0   Aa* 3.40 ± 1.0 Aa 3.80 ± 1.5 Aa
CL2 3.2 ± 0.9 Aa 4.60 ± 1.8 Ba 5.10 ± 1.4 Ba
CL3 3.2 ± 1.3 Aa 4.40 ± 1.3   ABa 5.50 ± 2.1 Ba

Number of roots per plantlet
CL1 6.0 ± 3.2 Aa 8.60 ± 2.7 Aab 10.00 ± 3.1 Ab
CL2 7.5 ± 2.1    ABa 9.95 ± 4.1    ABab 12.65 ± 2.3 Ab
CL3 8.8 ± 3.1 Ba 12.70 ± 2.1 Ba 12.80 ± 4.6 Aa

* Uppercase letters represent the comparison between the plantlets height, defining the plantlet classes according to the number of shoots, while lowercase letters represent 
the comparison between plantlets, in relation to the number of shoots, according to height (p < 0.05). Contrasts were performed according to the Tukey test at 5 % of 
significance. P-value adjusted by the single-step method. CL1: 2.5-5.0 cm; CL2: 5.1-10.0 cm; CL3: 10.1-15 cm; CLns1: one shoot per plantlet/single-stem plantlet; 
CLns2: two shoots per plantlet; CLns3: three shoots per plantlet; SE: standard error.
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CONCLUSIONS

1. The plantlet height and number of shoots aggregated 
to plantlets originating from micropropagation do 
not influence the survival rates of Guadua aff. 
chaparensis during pre-acclimatization;

2. Micropropagated Guadua aff. chaparensis 
plantlets with an average height greater than 
5.0 cm and presence of two or three aggregate 
shoots have a greater development at 90 days of 
pre-acclimatization.
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