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Abstract 

Bamboos from the genus Guadua in the Southwestern Amazon basin are difficult to propagate because of their 

recalcitrant characteristics. This study aimed to evaluate the action of 6-benzylaminopurine (BA) during in vitro 

multiplication of G. latifolia in a laboratory for clonal seedling production. In vitro multiplication was performed using 

the cytokinin 6-benzylaminopurine at concentrations of 0, 2, 4, 6, 8 mg L-1 in glass tubes containing liquid medium, 

incubated for 38 days. The analyzed variables were shoot height, number of shoots, multiplication rate, and the presence 

of callus and roots in two consecutive subcultures. The use of 6-benzylaminopurine during in vitro multiplication was 

effective at increasing the number of shoots in the first and second subculture. Shoot height was not influenced by the 

cytokinin in the culture with a maximum multiplication rate of 4.44 shoots. Therefore, the use of 6 mg L-1 of BA is 

recommended during in vitro multiplication and to obtain a high multipication rate. 

Keywords: Guadua latifolia; Micropropagation; 6-benzilaminopurine; Cytokinin. 

 

Resumo  

Os bambus do gênero Guadua da Amazônia Sul-Ocidental são de difícil propagação devido suas características 

recalcitrantes. O objetivo deste estudo foi avaliar a ação da 6-benzilaminopurina (BAP) na multiplicação do bambu 

lenhoso G. latifolia em laboratório visando a produção de mudas clonais. A multiplicação in vitro foi realizada com 6-

benzilaminopurina nas concentrações de 0, 2, 4, 6 e 8 mg L-1 em tubos de ensaio contendo meio líquido durante 38 dias 

de incubação. As variáveis analisadas foram número e altura de brotos, taxa de multiplicação, presença de calos e de 

raízes em dois subcultivos consecutivos. O uso de 6-benzilaminopurina foi eficiente durante a multiplicação in vitro 

influenciando no incremento do número de brotos durante o primeiro e o segundo subcultivo. A altura de brotos não foi 

influenciada pela adição da citocinina no cultivo e a taxa de multiplicação foi de 4,44 brotos. Portanto, recomenda-se o 

uso de 6 mg L-1 de BAP durante a multiplicação in vitro e também para se alcançar uma alta taxa de multiplicação de 

G. latifolia. 

Palavras-chave: Guadua latifolia; Micropropagação; 6-benzilaminopurina; Citocinina. 

 

Resumen  

Los bambús del género Guadua de la Amazonía Sudoccidental son difíciles de propagar debido a sus características 

recalcitrantes. El objetivo de este estudio fue evaluar la acción de la 6-bencilaminopurina (BAP) sobre la multiplicación 

de bambú leñoso G. latifolia en el laboratorio con vistas a la producción de plántulas clonales. La multiplicación in vitro 

se realizó con 6-bencilaminopurina a concentraciones de 0, 2, 4, 6 y 8 mg L-1 en probetas con medio líquido durante 38 

días de incubación. Las variables analizadas fueron número y altura de brotes, tasa de multiplicación, presencia de callo 

y raíz en dos subcultivos consecutivos. El uso de 6-bencilaminopurina fue eficiente durante la multiplicación in vitro 

para aumentar el número de brotes durante el primer y segundo subcultivo. La altura de los brotes no fue influenciada 
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por la adición de citoquinina en el cultivo y la tasa de multiplicación fue de 4.44 brotes. Por lo tanto, se recomienda 

utilizar 6 mg L-1 de BAP durante la multiplicación in vitro y también para lograr una alta tasa de multiplicación. 

Palabras clave: Guadua latifolia; Micropropagación; 6-bencilaminopurina; Citoquinina. 

 

1. Introduction 

Bamboos from the genus Guadua (Poaceae: Bambusoideae) are important and widely used in civil construction, coal 

production, pharmaceutical industry, paper and cellulose production, and show potential for architectural applications (Drumond; 

Wiedman, 2017).   

Their main environmentally-based function is mitigating environmental issues, acting in the recovery of degraded areas 

via rhizomes that helps to stabilize the effects of soil degradation, reducing erosion by up to 75% (Barbosa; Diniz, 2010). 

In addition to controlling soil erosion, bamboos are efficient carbon scavengers, that makes them a renewable and eco-

friendly crop (Osse & Meireles, 2011). 

Bamboo cultivation is becoming important in environmental development and eradication of poverty. More than 2.5 

billion people worldwide are economically dependent on this plant (Singh et al., 2013). 

Bamboo is a monocarpous plant, which death occurs after flowering. The seeds exhibit low viability due to the minimal 

levels of auxins and endogenous abscisic acid, and the fact that species bloom in prolonged intervals, making sexual propagation 

extremely difficult (Richa & Nerru, 2006). 

Asexual reproduction can be carried out via the vegetative parts of the plant, such as branches, buds, stems and rhizomes. 

Each species has a preferred form of propagation depending on its ecological characteristics (Castaño Nieto; Orjuela, 2004). 

   According to Pereira and Beraldo (2010), the main advantage of vegetative propagation is the possibility of obtaining 

clonal plants with genetic and phenotypic uniformity. 

The Brazilian Amazon is home of an extensive natural bamboo forest that occupies an area of approximately 161,500 

km2 in the state of Acre (Brazil), extending to the border with Peru and Bolivia (Carvalho et al., 2013).  

Further research is needed to determine the most appropriate propagation method and a seedling production system 

with high survival rates for G. latifolia in this region (Leão et al., 2020). 

The production of bamboo seedlings on an industrial scale using micropropagation is recent. However, microbial 

contamination is still the main problem when establishing in vitro cultures (Nadha et al., 2012; Leão et al., 2020; Silva et al., 

2021).  

As such, several bamboo species were multiplied on a large scale using different concentrations of 6-benzylaminopurine 

(BA), including Bambusa nutans (Mehta et al., 2011), Dracaena sanderiana (Gradaille et al., 2010), Bambusa vulgaris (Ribeiro 

et al., 2016), Dendrocalamus asper (Araújo et al., 2015), Bambusa arundinacea (Kalaiarasi et al., 2014); Dendrocalamus strictus 

(Goyal et al., 2015) and Drepanostachyum falcatum (Saini et al., 2016). 

Several studies were conducted involving in vitro multiplication of G. angustifolia using BA in shoot propagation, but 

there is still no consensus on the ideal concentration of 6-benzylaminopurine: 2 mg L-1 (Nadha et al., 2012), 3 mg L-1 (Gutiérrez 

et al., 2016), 5 mg L-1 (Jiménez et al., 2006) or 6 mg L-1 (Mendoza et al., 2010). The objective of this study was to evaluate the 

action of cytokinin 6-benzylaminopurine in the in vitro multiplication of G. latifolia (Bonpl.) Kunth. 

 

2. Methodology  

This study was carried out in the morphogenesis and molecular biology laboratory of the Brazilian Agricultural 

Research Corporation (Embrapa) in Rio Branco, Acre State, Brazil, from January to March 2017. The seedlings were collected 

in the Chico Mendes Extractive Reserve in the municipality of Assis Brasil (Acre State), at 10°43'02.2"S 69°24’06.5"W, and 
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planted in soil, commercial substrate and organic material (1:1:1) in a greenhouse. 

The pH of the culture medium used was adjusted to 5.8 using sodium hydroxide (NaOH) and chloridric acid (HCl) 

solutions and autoclaved for 15 minutes. After inoculation, the cultures were stored in a growth chamber at a controlled 

temperature of 25 ± 2C, under a 16-hour photoperiod.  

Following selection of the optimal sterilization treatment (Leão et al., 2020), the explants were inoculated in glass tubes 

containing 10 mL of MS liquid medium (Murashige & Skoog, 1962), supplemented with sucrose (30 g L-1), 2 mL L-1 of Plant 

Preservative Mixture - PPM® and 6-benzylaminopurine (BA) concentrations of 0, 2, 4, 6 and 8 mg L-1. The analyzed variables 

after 2 subcultures were number of shoots, shoot height, multiplication rate and the presence of callus and roots. A completely 

randomized design was used with 24 replications per treatment and 1 shoot per glass tube. 

The results were evaluated by analysis of variance (ANOVA) and by means Tukey’s test at 5% probability and quadratic 

regression. Statistical analysis was performed using Assistat 7.7 software (Silva & Azevedo, 2016). 

 

3. Results and Discussion  

In vitro multiplication was performed in two consecutive subcultures and the multiple adventitious sprouts were 

evaluated. There was a significant increase in the average number of shoots from subculture 1 to 2 in all treatments. In vitro 

conditions influenced the final result with the lowest values recorded in the control treatment at only 1.65 (first subculture) and 

1.86 (second subculture) new shoots (Figure 1).  

 

Figure 1. Effect of 6-benzylaminopurine (BA) on the number of Guadua latifolia shoots after 21 and 38 days of in vitro culture 

in Murashige and Skoog (1962) liquid medium. 

 

Source: Authors. 

 

The absence of BA significantly influenced the number of shoots in the control treatment, which exhibited the smallest 

number of regenerated shoots (Figure 2 A and B). The subculturing time was also recorded with the first subculture measuring 

21 days and the second 38 days. The remaining in vitro material and short incubation period with a flask change could serve as 

a strategy to control any contaminants not eliminated in the establishment phase. However, these questions have yet to be 
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elucidated.  

 

Figure 2. Guadua latifolia shoots after 21 days. No shoots in 0 mg L-1 of BA (A) and shoot multiplication in 6 mg L-1 of BA 

(B).  

 

(A)                                         (B) 

Source: Authors. 

 

In addition, there was no statistical difference in shoot height in BA concentrations for this culture, but the highest 

means recorded for treatments with 6 mg L-1 (Figure 3 and 4). However, despite its importance, this is not a decisive factor in 

the multiplication phase because shoot elongation is carried out in the rooting phase if necessary. 

 

Figure 3. Effect of 6-benzylaminopurine (BA) on the height of Guadua latifolia shoots after 38 days of in vitro culture in 

Murashige and Skoog (1962) liquid medium. 

 

Source: Authors. 

 

  

y = -0.0825x + 4.43

R² = 0.35

0

1

2

3

4

5

0 2 4 6 8

S
h

o
o

t 
h

ei
g

h
t

BA mg L-1

http://dx.doi.org/10.33448/rsd-v11i9.31099


Research, Society and Development, v. 11, n. 9, e9411931099, 2022 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i9.31099 
 

 

5 

Figure 4. Guadua latifolia shoot height in 6 mg L-1 of BA after 38 days of in vitro culture in Murashige and Skoog (1962) liquid 

medium. 

 

Source: Authors. 

 

According to Gutiérrez et al. (2016) in vitro multiplication of G. angustifolia with 3 mg L-1 of BA produced the best 

results in terms of the number and height of shoots. Similar findings were reported by Muthukumaran et al. (2018), who observed 

effective shoot proliferation in Bambusa bambos using 3 mg L-1 of BA. In the present study, the effect of BA was observed from 

a concentration of 2 mg L-1 onwards (Figure 1). However, Ornellas et al. (2019), reported that the shoot height was negatively 

affected by the culture medium supplemented with BA for G. chacoensis. 

Shoot multiplication is an important criterion in successful commercial micropropagation. The cytokinin BA plays an 

important role in the proliferation of bamboo shoots, stimulating growth and multiple shoots, as observed by Jiménez et al. 

(2006) in G. angustifolia with 2 mg L-1 of BA. Bamboo multiplication with BA is widely used for shoot proliferation, likely due 

to its cost effectiveness and autoclavable nature (Ray & Ali, 2016). 

The multiplication phase of Bambusa balcooa was reported by Gantait et al. (2018), with the best results obtained from 

4 mg L-1 of BA onwards. The use of liquid medium was also found to be ideal in the multiplication of Drepanostachyum falcatum 

(Saini et al., 2016) and Dendrocalamus strictus (Goyal et al., 2015), similarly to the results obtained here. Nogueira et al. (2019) 

found that the liquid medium was more efficient than the semi-solid for the multiplication of G. magna and G. angustifolia for 

a greater plant production. 

Moreover, Raju and Roy (2016) studied Bambusa bambos and found high shoot induction in MS liquid medium 

supplemented with 2.0 mg L-1 BA and 1.0 mg L-1 TDZ, as well as a high average number of shoots (3.14) per explant, shoot 

multiplication rate and average shoot length using the same MS medium.  

Multiplication rate showed an increasing trend with a slight drop at the last tested concentration, indicating the positive 

influence of BA on this characteristic (Figure 5). 
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Figure 5. Effect of 6-benzylaminopurine (BA) on the multiplication rate of Guadua latifolia after 38 days of in vitro culture in 

Murashige and Skoog (1962) liquid medium. 

 

Source: Authors. 

 

Ornellas et al. (2019) observed that the culture medium supplemented with BA significantly increased the in vitro 

multiplication rate of G. chacoensis clumps. While Waikhom and Louis (2014) studied Bambusa tulda and Melocanna baccifera 

and reported that the highest shoot multiplication rate was achieved with the synergistic interaction between different cytokines. 

In the present study a single dose of BA increased the multiplication rate, but further research is needed to understand the effect 

of other plant growth regulators and concentrations in terms of increasing the multiplication rate and number of shoots. Then, 

with the multiplication rate obtained in this study was possible to estimate a cycle of 6 subcultures in 180 days to induce more 

than 5,000 G. latifolia shoots in a scenario with no microbial contamination.  

 

4. Conclusion  

Bamboo multiplication using 6.0 mg L-1 of 6-benzylaminopurine is more efficient and beneficial in terms of the number 

and height of shoots than other concentrations tested in this study. The same dose is recommended to obtain a multiplication rate 

of 4.22 shoots in 38 days of inoculation. In this experiment was not observed presence of callus and roots as well. 

Recommendations for future research are proposed to evaluate the efficacy of different cytokinins and their 

concentrations in in vitro multiplication focus on kinetin (KIN), thidiazuron (TDZ) and isopentenyl adenine (2iP).  

 

Acknowledgments 

The authors would like to thank The Brazilian Agricultural Research Corporation (Embrapa) for funding this work and 

the Acre Federal Institute of Education, Science and Technology (Ifac) for support the first author’s research group in Tarauacá, 

Acre, Brazil. 

 

References  

Araújo, C. H. P.; Carneiro, L. L.; Araújo, C. L. P. & Sibov, S. T. (2015). Estabelecimento in vitro de duas espécies de bambu: Dendrocalamus asper (Schultes 
f.) Backer ex Heyne e Bambusa oldhamii Munro. Enciclopédia Biosfera, 11(22), 1172-1182. http://dx.doi.org/10.18677/Enciclopedia_Biosfera_2015_151. 

 

Okbarbosa, A. C. & Diniz H. N. (2010). Controle de processo erosivo provocado por rompimento de adutora na Serra da Mantiqueira, SP, Brasil, Ciência 
Florestal, 20 (4), 691-702. https://doi.org/10.5902/198050982428. 

 

Carvalho, A. L. de; Nelson, B. W.; Bianchini, M. C.; Plagnol, D.; Kuplich, T. M. & Daly, D. C. (2013). Bamboo-dominated forests of the Southwest Amazon: 
detection, spatial extent, life cycle length and flowering waves. Plos One, 8(1), 1-13. https://doi.org/10.1371/journal.pone.0054852. 

 

Castaño Nieto, F. & Orjuela, R. D. M.  (2004). Guadua para todos: cultivo y aprovechamiento. Panamericana Formas e Impresos. 
 

y = -0.0441x2 + 0.6374x + 1.8851

R² = 0.93

0

1

2

3

4

5

0 2 4 6 8

M
u

lt
ip

li
ca

ti
o
n

 r
a
te

BA mg L-1

http://dx.doi.org/10.33448/rsd-v11i9.31099


Research, Society and Development, v. 11, n. 9, e9411931099, 2022 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i9.31099 
 

 

7 

Drumond, P. M. & Wiedman, G. (2017). Bambus do Brasil: da biologia à tecnologia. ICH. 

 
Gantait, S.; Pramanika, B. R. & Banerjeea, M. (2018). Optimization of planting materials for large scale plantation of Bambusa balcooa Roxb.: influence of 

propagation methods. Journal of the Saudi Society of Agricultural Sciences, 17(1), 79-87. https://doi.org/10.1016/j.jssas.2015.11.008. 

 
Gradaille, M. D.; Rodríguez, D. P.; Más, Y. L. & Torrijo, F. S. (2010). Propagación in vitro de Bambú Chino (Dracaena sanderiana L.). Ciencia y Tecnología, 

3(1), 7-13. https://doi.org/10.18779/cyt.v3i1.40. 

 
Goyal, A. K.; Pradhan, S.; Basistha, B. C. & Sen, A. (2015). Micropropagation and assessment of genetic fidelity of Dendrocalamus strictus (Roxb.) nees using 

RAPD and ISSR markers. 3Biotech, 5(4), 473-482. https://doi.org/10.1007/s13205-014-0244-7. 

 
Gutiérrez, L. G.; Franco, R. L. & Pinzón, T. M. (2016). Micropropagation of Guadua angustifolia Kunth (Poaceae) using a temporary immersion system RITA. 

African Journal of Biotechnology, 15(28), 1503-1510. https://doi.org/10.5897/AJB2016.15390.  

 
Jiménez, V. M.; Castillo, J.; Tavares, E.; Guevara, E. & Montiel, M. (2006). In vitro propagation of the neotropical giant bamboo, Guadua angustifolia Kunth, 

through axillary shoot proliferation. Plant Cell Tissue Organ Culture, 86(3), 389-395. https://doi.org/10.1007/s11240-006-9120-4. 

 
Kalaiarasi, K.; Palanivel, S. & Subramaniam, S. (2014). Development of an efficient protocol for plant regeneration from nodal explants of recalcitrant bamboo 

(Bambusa arundinacea Retz. Willd) and assessment of genetic fidelity by DNA markers. Agroforest Systems, 88(3), 527-537. https://doi.org/10.1007/s10457-

014-9716-3.  
 

Leão, J. R. A.; Raposo, A.; Silva, A. C. L. da & Sampaio, P. de T. B. (2020). Control of contaminants in the in vitro establishment of Guadua latifolia. Pesquisa 
Agropecuária Tropical, Goiânia, 50(e63541), 1-7. https://doi.org/10.1590/1983-40632020v5063541. 

 

Mehta, R.; Sood, A. & Sharma, R. K. (2011). Induction of somatic embryogenesis and analysis of genetic fidelity of in vitro-derived plantlets of Bambusa nutans 
Wall. Using AFLP markers. European Journal of Forest Research, 130(5), 729-736. https://doi.org/10.1007/s10342-010-0462-4. 

 

Mendoza, M. R.; Tamayo, A. C. & Pacheco, A. (2010). Establecimiento de un protocolo para la multiplicación in vitro de bambú (Guadua angustifolia): fase 1. 
Tierra Tropical. Costa Rica, 6(2), 191-199.  

 

Murashige, T. & Skoog, F. (1962). A revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiologia Plantarum, 15(3), 473-497. 
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x. 
 

Muthukumaran, P.; Saraswathy, N.; Abarna, S.; Kanthimathi, R.; Monisha, V.; Devi, N. N. & Nivetha, M. R. (2018). Protocol for induction of multiple shoot 

through nodal explants culture of Bambusa bambos for biomass production. International Journal of Life Sciences for Scientific Research, 4(2), 1634-1638. 
https://doi.org/10.21276/ijlssr.2018.4.2.2. 
 

Nadha, H. K.; Salwan, R. & Kasana, R. C. (2012). Identification and elimination of bacterial contamination during in vitro propagation of Guadua angustifolia 

Kunth. Pharmacognosy Magazine, 8(30), 93-97. https://doi.org/10.4103/0973-1296.96547. 
 

Nogueira, J. S.; Gomes, H. T. & Scherwinski-Pereira, J. E. (2019). Micropropagação, estimativa da produção de mudas e análise da fidelidade genética baseada 
em marcadores ISSR de Guadua magna e G. angustifolia. Pesquisa Agropecuária Tropical, 49(e53743), 1-9. https://doi.org/10.1590/1983-40632019v4953743. 
 

Ornellas, T. S.; Marchetti, C. K.; Oliveira, G. H. de; Fritsche, Y. & Guerra, M. P. (2019) Micropropagação de Guadua chacoensis (Rojas) Londoño & P. M. 

Peterson. Pesquisa Agropecuária Tropical, Goiânia, 49(e55450), 1-8. https://doi.org/10.1590/1983-40632019v4955450. 
 

Osse, V. C. & Meirelles, C. R. M. (2011). O potencial do bambu na minimização dos problemas climáticos nos espaços urbanos. Revista LABVERDE, 1(3), 36-

53. https://doi.org/10.11606/issn.2179-2275.v0i3p36-53. 
 

Ray, S. S. & Ali, M. D. N. (2016). Factors influencing micropropagation of bamboo species using nodal explants: a review. Research Journal of Pharmaceutical, 

Biological and Chemical Sciences, 7(5), 2878-2889.  
 

Pereira, M. A. R. & Beraldo, A. L. (2010). Bambu de corpo e alma. Bauru, SP: Canal 6 Editora. 240 p. 
 

Raju, R. I. & Roy, S. K. (2016). Mass propagation of Bambusa bambos (L.) Voss through in vitro culture. Jahangirnagar University Journal of Biological 
Sciences, 5(2), 15-26. https://doi.org/10.3329/jujbs.v5i2.32514. 
 

Ribeiro, A. dos S.; Brondani, G. E.; Tormen, G. C. R. & Figueiredo, A. J. R. de. (2016). Cultivo in vitro de bambu em diferentes sistemas de propagação. Nativa, 

4(1), 15-18. https://doi.org/10.14583/2318-7670.v04n01a04.  
 

Richa, S. M. L. & Nerru, B. (2006). Endogenous levels of plant growth substances in seeds of five bamboo species in relation to seed viability. Indian Journal 

of Plant Physiology, 11(4), 358-363. 
 

Saini, H.; Arya, I. D.; Arya, S. & Sharma, R. (2016). In vitro micropropagation of Himalayan weeping bamboo, Drepanostachyum falcatum. American Journal 
of Plant Sciences, 7(9), 1317-1324. https://doi.org/10.4236/ajps.2016.79126.  
 

Singh, S. R.; Dalal, S.; Singh, R.; Dhawan, A. K. & Kalia, R. K. (2013). Evaluation of genetic fidelity of in vitro raised plants of Dendrocalamus asper (Schult. 

& Schult. F.) Backer ex K. Heyne using DNA – based markers. Acta Physiologiae Plantarum, 35(2), 419-430. https://doi.org/10.1007/s11738-012-1084-x. 
 

Silva, F. A. S. & Azevedo, C. A. V. (2016). The Assistat software version 7.7 and its use in the analysis of experimental data. African Journal of Agricultural 
Research, 11(39), 3733-3740. https://doi.org/10.5897/AJAR2016.11522. 
 

Silva, A. C. L. da; Manfio, C. E.; Leão, J. R. A.; Carvalho, J. C. de; Gonçalves, J. F. de C. & Raposo, A. (2021). Induction of calogenesis in leaf segment of 

rubber (Hevea spp.) in the South-Western Amazon. Research, Society and Development, 10(9), 1-10. https://doi.org/10.33448/rsd-v10i9.17639. 
 

Waikhom, S. D. & Louis, B. (2014). An effective protocol for micropropagation of edible bamboo species (Bambusa tulda and  Melocanna  baccifera)  through  

nodal  culture. The Scientific World Journal, 1(1), 1-8. https://doi.org/10.1155/2014/345794. 

http://dx.doi.org/10.33448/rsd-v11i9.31099
https://doi.org/10.1016/j.jssas.2015.11.008
https://doi.org/10.1007/s13205-014-0244-7
https://doi.org/10.1007/s10457-014-9716-3
https://doi.org/10.1007/s10457-014-9716-3
https://doi.org/10.1590/1983-40632020v5063541
https://doi.org/10.4103/0973-1296.96547
https://doi.org/10.1590/1983-40632019v4955450
https://doi.org/10.1007/s11738-012-1084-x
https://doi.org/10.1155/2014/345794

