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Abstract 

Ananas comosus var. erectifolius is a bromeliad native of the Amazon Complex has aroused great interest of the 

industries due to a softness, strength and low density of fibers extracted from its leaves. The frequent demand and 

effective protocols for in vitro regeneration and establishment of species, of commercial and environmental interest, 

encourages studies of organogenesis induced by growth regulators. The rhizogenesis or in vitro rooting is the last step 

of the regeneration process and is often considered the greatest challenge to be overcome. Rhizogenesis of Ananas 

comosus var. erectifolius was evaluated under the influence of the growth regulators naphthalene acetic acid (NAA) 

and indole butyric acid (IBA). Seven experiments were performed using different concentrations of growth regulators 

on solid MS medium under controlled environmental conditions. The results will improve the laboratorial protocols of 

induction, multiplication, elongation and production of root biomass for A. comosus var. erectifolius. The in vitro 

rooting was feasible and better results were observed using 1.0 mg L-1 NAA + 1.0 mg L-1 IBA. 

Keywords: Bromeliaceae; Natural fibers; In vitro rooting; Naphthalene acetic acid; Indole butyric acid. 

 

Resumo  

Ananas comosus var. erectifolius é uma bromélia nativa do Complexo Amazônico que tem despertado grande 

interesse das indústrias devido a maciez, resistência e baixa densidade das fibras extraídas de suas folhas. A frequente 

demanda por protocolos eficazes para o estabelecimento e regeneração in vitro de espécies de interesse comercial e 

ambiental, estimulam estudos de organogênese induzida por reguladores de crescimento. A rizogênese ou 

enraizamento in vitro consiste na última etapa do processo de regeneração e, muitas vezes, é considerada o maior 

desafio a ser superado. A rizogênese de Ananas comosus var. erectifolius foi avaliada sob influência dos reguladores 

de crescimento ácido naftaleno acético (ANA) e ácido indolbutírico (AIB). Sete experimentos foram realizados 

utilizando diferentes concentrações de reguladores de crescimento adicionados em meio MS sólido, sob condições 

ambientais controladas. Os resultados obtidos irão otimizar os protocolos laboratoriais de indução, multiplicação, 

alongamento e produção de biomassa radicular para A. comosus var. erectifolius. O enraizamento in vitro foi viável e 

os melhores resultados foram observados com 1,0 mg L-1 ANA + 1,0 mg L-1 AIB. 

Palavras-chave: Bromeliaceae; Fibras naturais; Enraizamento in vitro; Ácido naftaleno acético; Ácido indolbutírico. 

 

Resumen  

Ananas comosus var. erectifolius es una bromelia originaria del Complejo Amazónico que ha despertado gran interés 

en las industrias debido a la suavidad, resistencia y baja densidad de las fibras extraídas de sus hojas. La demanda 

frecuente y protocolos efectivos para la regeneración in vitro y establecimiento de especies, de interés comercial y 

ambiental, incentiva los estudios de organogénesis inducida por reguladores de crecimiento. La rizogénesis o 

enraizamiento in vitro es el último paso del proceso de regeneración y suele considerarse el mayor reto a superar. 

Rizogénesis de Ananas comosus var. erectifolius se evaluó bajo la influencia de los reguladores de crecimiento ácido 
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naftaleno acético (ANA) y ácido indol butírico (AIB). Se realizaron siete experimentos usando diferentes 

concentraciones de reguladores de crecimiento en medio MS sólido bajo condiciones ambientales controladas. Los 

resultados mejorarán los protocolos de laboratorio de inducción, multiplicación, elongación y producción de biomasa 

de raíces para A. comosus var. erectifolius. El enraizamiento in vitro fue factible y se observaron mejores resultados 

utilizando 1,0 mg L-1 ANA + 1,0 mg L-1 AIB. 

Palabras clave: Bromeliaceae; Fibras naturales; Enraizamiento in vitro; Ácido naftaleno acético; Ácido indol 

butírico. 

 

1. Introduction 

Ananas comosus (L.) Merr. var. erectifolius (L.B.Sm.) Coppens & F. Leal is a bromeliad native of the Amazon 

Complex (Leão et al, 2009; Gato et al, 2019). These plants are herbaceous, monocotyledon of fasciculated root system, easy 

adaptation to different types of soil and climate change (Oliveira et al, 2010). Four different varieties of species can occur 

being the variety with reddish-purple leaves the best adapted to the edaphic conditions of southeastern Brazil (Leão et al, 2009; 

Garcia et al, 2010). As an important genetic resource, especially to be closely related plant species of pineapple, the cp genome 

sequence of A. comosus var. erectifolius was recently characterized for future phylogenetic identification and analysis of 

agronomic traits (Liu; Zhang; He, 2022). Due to the softness, strength and low density of fibers extracted from its leaves, A. 

comosus var. erectifolius has aroused great interest of the industries, especially automotive, production of polymeric 

composites and construction (Mothé; Araújo, 2004; Sena Neto et al, 2015; Asim et al, 2015; Sena Neto et al, 2017; Souza et 

al, 2017). 

The increasing replacement of synthetic material by natural fibers has ecological, social, mechanical and economic 

advantages (Leão; Caraschi; Tan, 2000; Sena Neto et al, 2015; Sena Neto et al, 2017). In vitro propagation by direct and 

indirect in vitro organogenesis has shown greater efficiency in producing uniform and healthy plants in large scale. Seedlings 

produced in vitro are differentiated from native plants in that they have softer leaves and maintain the characteristics of 

absence of thorns, resulting from the selection work. That makes the harvest of the leaves easier, allowing greater density of 

plants per hectare, due to greater accessibility at the time of harvest (Gato et al, 2019).  

Adventitious root induction is promoted by high auxin and low cytokinin levels (Bollmark; Eliasson, 1986; Kuroha et 

al, 2002; Kuroha et al, 2006). The most commonly used auxins in rooting media are the indole acetic acid (IAA), naphthalene 

acetic acid (NAA) and indole butyric acid (IBA). NAA is a synthetic auxin and, like the natural ones, generally promotes the 

differentiation and elongation of plant cells and tissues in vitro and ex vitro. IBA is often quoted in in vitro propagation studies 

mainly due to its stability, greater action spectrum in different species and lower toxicity in plants. In a large number of 

species, similar concentrations of NAA and IBA together promoted higher rooting percentage than each one acting separately 

(Hinojosa, 2000; Kuroha et al, 2006).  

The aim of this work was to obtain an efficient laboratory protocol for in vitro rooting of A. comosus var. erectifolius, 

essential step for the in vitro propagation process. This process can provide uniform seedlings with desirable agronomic 

characteristics and with great ecological interest due to the replacement of synthetic fibers. 

 

2. Methodology 

The experiment was conducted at Department of Forest Science, Soil and Environment - Faculty of Agronomic 

Sciences - São Paulo State University, Botucatu, SP, Brazil. Plants of A. comosus var. erectifolius, purple variety, grown in 

experimental farms located in the municipalities of Botucatu - SP and São Manuel - SP were used as sources of explants. 

Shoots from axillary buds were selected and established in MS medium (Murashige; Skoog, 1962) supplemented with 

different concentrations of the growth regulators NAA and IBA, in 7 treatments (Table 1).  
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Table 1. Treatments using the plant growth regulators NAA and IBA to induce in vitro rooting of A. comosus var. erectifolius. 

 
Treatments (mg L-1) 

T1 T2 T3 T4 T5 T6 T7 

NAA 0 0 1 2 1 1 2 

IBA 0 1 1 1 0 2 2 

Source: Authors. 

 

The experimental design was completely randomized with 8 replicates per treatment. The methodology used for 

treatment and disinfection of explants, in vitro establishment of axillary buds and shoot induction was first described by Leão 

et al (2009) and Machado et al (2009).  

After 45 days under a 16h photoperiod, with light intensity of 1,000 lux and temperature of 27 ºC in a growth chamber 

(BOD), the plants were collected and the following anatomical and physiological parameters were measure: root length (cm), 

number of roots and production of fresh (g/root) and dry matter (g/root). The results were compared by statistical analysis 

using Tukey test (5% probability) (MINITAB Release 14.12.0, Minitab Inc.). 

 

3. Results and Discussion 

The overall mean for root length was 3.98 cm. Best results for this parameter were shown by treatments T2 (CR = 

4.41 cm), T3 (CR = 4.61 cm) and T4 (CR = 4.45 cm). The average number of roots formed was approximately 8 per explant 

and the best treatments were T2 (NR = 12), T3 (NR = 10), T4 (NR = 9) and T5 (NR = 9) (Table 2; Figure 1). IBA at the 

concentration of 1 mg L-1 was responsible for the largest induction and root growth in A. comosus var. erectifolius, regardless 

of the dose of NAA in the culture medium.  

 

Table 2. Mean values for root length (RL), number of roots (NR), fresh matter (FM) and dry matter (DM) of roots of A. 

comosus var. erectifolius after 45 days of in vitro culture, under 7 different treatments (T1-T7) 

Treatments  RL NR FM DM 

T1 3.45 b 8 ab 0.2240 b 0.0179 b 

T2 4.41 a 12 a 0.2584 b 0.0198 ab 

T3 4.61 a 10 a 0.4401 a 0.0360 a 

T4 4.45 a 9 a 0.2549 b 0.0200 ab 

T5 3.76 ab 9 a 0.3784 a 0.0301 a 

T6 3.75 ab 6 ab 0.1923 b 0.0162 b 

T7 3.40 b 5 b 0.1645 b 0.0123 b 

Means followed by the same letter (in the column) did not differ significantly by 

Tukey test (p < 0.05%). Source: Authors. 
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Figure 1. Root development of A. comosus var. erectifolius after 45 days of in vitro culture, under 7 different treatments (T1-

T7). 

 

Source: Authors. 

 

Martins et al (2013) studied the isolated effect of IBA on rooting of Neoregelia concentrica (Vellozo) L. B. Smith and 

observed an average length of roots of 2.27 cm with the addition of 2 µM L-1 in MS medium supplemented with 10 mg L-1 of 

citric acid. However, some authors have reported isolated action of NAA on root formation of in vitro shoots through direct 

organogenesis of A. comosus var. erectifolius (Leão et al, 2009) and also of related species such as pineapple (Macedo et al, 

2003; Moraes et al, 2010; Pineda et al, 2012; Sani et al, 2019; Fernando et al, 2020; Kornatskiy, 2020; Cacaï et al, 2021; 

Dhurve et al, 2021) and ornamental bromeliads (Pierik; Steegmans; Hendriks, 1984; Mendes et al, 2007; Martins et al, 2013; 

Martins et al, 2020).  

Macedo et al (2003) confirmed the stimulation of NAA (0.24 mg L-1) on root formation of pineapple L. Merrill, 

however, root length was higher in the absence of the growth regulator. Nevertheless, Martins et al (2020) reported the 

essentiality of NAA auxin in the formation, growth and fresh mass production of Alcantarea imperialis roots. The same result 

was observed by Moraes et al (2010), who found an increase of the number and decrease of the length of the roots of pineapple 

plantlets cv. EMEPA 1, through supplementation of MS medium with 1 mg L-1 NAA. Cacaï et al (2021) observed a significant 

increase of root formation in plants regenerated from somatic embryos of pineapple using 0.5 mg L-1 ANA + 1.0 mg L-1 BAP 

(benzylaminopurine) supplemented on MS basal medium. 

The production of fresh and dry matter also showed significant differences among treatments, with greater biomass 

production in T3 (FM = 0.4401 g and DM = 0.0360 g) and T5 (FM = 0.3784 g and DM = 0.0301 g) (Table 2). NAA assumed 

an important role for these parameters. Treatments with 1 mg L-1 NAA were significantly higher. Treatment 5 (T5), without 

IBA, suggests the isolated effect of NAA in biomass accumulation.  

Martins et al (2013), when comparing the effect of NAA in relation to IBA on rooting of the bromeliad N. concentrica 

after 30 days, observed a higher number of roots in shoots cultured in concentrations higher than 1 µM of NAA in relation to 

AIB. The control treatment (T1) showed the possibility of rooting without the addition of exogenous growth regulators. 

Although Sani et al (2019) observed root morphogenesis on in vitro plants of A. comosus (L.) var. Smooth Cayenne through 

the combination of BAP with activated charcoal, treatments without growth regulator supplementation produced a high 

number of vigorous roots. This is probably due to the physiological activity of IAA within the cultured tissue. Induction of in 

vitro morphogenesis and growth of roots depend not only on auxin added to the medium but also on the interaction of the 
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endogenous concentrations of IAA (Pasqual et al, 2001). Treatment 7 (T7) with 2 mg L-1 NAA + 2 mg L-1 IBA showed the 

lowest values in all parameters evaluated. Grattapaglia and Machado (1998) state that root growth can be inhibited by an 

excess of auxin in the culture medium and high levels of endogenous NAA may impair the stretching step and, hence, the 

accumulation of biomass. Adeoye et al (2020) observed highest average mean number for root emergence (5.3 roots per shoot) 

of A. comosus (L.) var. Smooth Cayenne in combination with 2 mg L-1 IBA and 2 mg L-1 NAA on MS basal medium 

supplemented with vitamins.  

For our results, in general, the treatment 3 (1 mg L-1 NAA + 1 mg L-1 IBA) showed greater induction of initiation, 

elongation and production of root biomass. 

 

4. Final Considerations 

The results of this study demonstrate the in vitro rooting process of A. comosus var. erectifolius was feasible under the 

conditions evaluated; solid MS culture medium, modified by the presence of the growth regulators, enabled the development at 

all stages of root formation; and a hormonal balance 1/1 (1 mg L-1 NAA + 1 mg L-1 IBA) showed higher efficiency in inducing 

and developing roots (multiplication, elongation and biomass production).  

Certainly, this rhizogenesis protocol will be useful for researches that requires a complete regeneration of in vitro 

plants, such as micropropagation. However, new investigations are necessary, especially through molecular techniques, to 

elucidate the action of growth regulators and their synergistic process in the morphogenesis of A. comosus. 
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