
 

Braz. Arch. Biol. Technol. v.56 n.4: pp. 547-555, July/Aug 2013 

547

Vol.56, n.4: pp. 547-555, July-August 2013 
ISSN 1516-8913    Printed in Brazil 

 BRAZILIAN ARCHIVES OF  
BIOLOGY AND TECHNOLOGY 

  A N  I N T E R N A T I O N A L  J O U R N A L  
 

 

 
Somatic Embryogenesis of Neoglaziovia variegata (Arruda) 
Mez, an Important Source of Fiber from Native Brazilian 
Bromeliads 
 
Daniela Garcia Silveira1*, Lucimeire Souza Morais Lino2, Antônio da Silva Souza3 and 
Fernanda Vidigal Duarte Souza3 

1Instituto Federal Baiano; 46430-000; Guanambi - BA - Brasil. 2Embrapa; 44380-000; Cruz das Almas - BA - 
Brasil. 3Embrapa Mandioca e Fruticultura; 44380-000; Cruz das Almas - BA - Brasil 
 
 

ABSTRACT 
 

Neoglaziovia variegata (Arruda) Mez, a Bromeliad endemic to the Brazilian Caatinga and source of fiber for many 
different products, is considered an endangered species. Leaf and stem segments were cultivated on Murashige and 
Skoog (MS) medium with combinations of 2,4- dichlorophenoxyacetic acid (2,4-D) (0, 9, 18 and 27 µM) and 
glutamine (0, 50, 100, 150, 200 mg L-1) for the induction of embryogenic calli. Leaf segments did not present a 
favorable response for the combinations analyzed. The best response for embryogenic calli frequency with the best 
distribution of somatic embryos on the surface and better conversion rate was obtained using the stems explants in 
the medium containing 18 µM 2,4-D and 100 mg L-1 glutamine. The embryogenic calli obtained from the different 
induction media were transferred to MS medium supplemented with 30 g.L-1 sucrose, 2.4 g.L-1 Phytagel®, 0.53 µM 
α-naphthalene acetic acid (NAA) and 0.88 µM of 6-benzylaminopurine (BAP). The regenerated plants presented 
normal growth; however, many embryos did not fully develop. 
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INTRODUCTION 
 
Neoglaziovia variegata (Arruda) Mez, popularly 
known as caroá, is an endemic Bromeliad from the 
Caatinga, which plays an important economic and 
social role in the Semi-arid Region of Northeast 
Brazil. Its fibers are used in the textile industry 
and fine craftsmanship, constituting a primary 
source of employment and income for many 
families in the Northeast (Ribeiro 2007; Silveira et 
al. 2009a). Furthermore, like other plants of the 
bromeliad family and due to the quality of the 
fiber, it can be used in the formulation of 
polymeric compounds for the development of 
many industrial products (Leão et al. 2009; Sena 

Neto et al. 2013). This species has been used since 
the last century without any set cultivation system. 
Harvesting is carried out at large-scale using 
extractivism practices, drastically reducing the 
population of these plants in some regions. In 
addition, the increased devastation of the Caatinga 
for the development of agricultural activities has 
placed this species under endangered conditions. 
Therefore, there is a need of immediate studies to 
establish the strategies for genetic conservation 
and for the development of a cultivation system 
for this species (Silveira et al. 2009a). For both 
objectives, the basic requirement is the large-scale 
production of seedlings, associated with studies on 
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its genetic variability as reported in previous 
studies (Silveira et al. 2009b).  
As regards the conservation, a micropropagation 
protocol for in vitro germination of caroá plants 
has already been developed along with the results 
of the genetic variability studies of three distinct 
caroá populations (Silveira et al. 2009a). 
Nevertheless, in order to grow this plant for use at 
an industrial level, such as in the case of 
reinforcement polymeric matrices, or even for 
fiber production to be used in craftsmanship, a 
very high number of seedlings in uniform 
conditions is necessary. Somatic embryogenesis is 
highly efficient as a massive propagation leading 
to high multiplication rates and to individual 
embryos that develop into complete plants (Ibaraki 
and Murata 2001), also helping germplasm 
conservation programs. There are many factors 
responsible for the success of the embryogenic 
process, from the appearance of the first embryos 
to the number of embryos produced per explant. 
Among these factors, the combination of 
regulators used in the induction stage, the duration 
of this stage, the origin of the explant and the 
physiological stage of the mother plant are 
important (Dublin 1991).  
The type and concentration of the phytoregulators 
used varies according to the need for each species. 
Krikorian et al. (1987) reported that in the 
induction of the somatic embryogenic stage, the 
presence of 2,4-D (2,4 - dichlorophenoxyacetic 
acid) was crucial for cell proliferation. Another 
relevant factor for this stage of somatic 
embryogenesis is the addition of organic sources 
of nitrogen, because in some situations, they are 
fundamental for the formation of calli and somatic 
embryos (Kirby et al. 1987). Glutamine is often 
used in culture medium as a source of organic 
nitrogen (Frankilin and Dixon 1994). Many studies 
have shown that the use of this amino acid can be 
beneficial to in vitro cultivation, increasing the 
regeneration rate and explants biomass (Higashi et 
al. 1997; Dal Vesco and Guerra 2001; Vasudevan 
et al. 2004). In bromeliads, glutamine was an 
excellent source of nitrogen to increase the dry 
matter of aerial parts of plants grown in vitro 
besides strongly influencing both the hormonal 
content of buds (Mercier and Kerbauy 1998) and 
the process of direct organogenesis in leaves 
(Hamasaki et al. 2005). 
In view of the above, this work aimed to study the 
effect of different explants and concentrations of 
2,4-D and glutamine in the formation of 

embryogenic calli and regeneration of N. variegata 
plants.  
 
 

MATERIALS AND METHODS 
 
This work was carried out in three steps: (1) seed 
germination to obtain the seedlings to use as 
explants source; (2) the induction of somatic 
embryogenesis, and (3) the maturation and rooting 
of somatic embryos. 
 
Plant material and seed germination 
The seeds were collected from the mature and 
immature fruits from inflorescences collected from 
caroá plants originated from Valente county, a 
semiarid region of the Caatinga in Bahia where it 
grew naturally. (Geographic coordinates: 
11o20'27,5''S and 39o27'33,2''W, altitude: 376 m). 
Initially, the seeds were washed in water and a 
commercial detergent (10 drops/l) and rinsed three 
times with distilled water. The disinfestation 
procedure was carried out under aseptic conditions 
in a laminar flow hood sterilized with ethanol 
(70%) for 5 minutes and, afterwards, in a 1:1 
solution of commercial bleach (2% active 
chloride) with deionized water for 20 minutes. 
After the treatment with bleach, three consecutive 
washes with autoclaved distilled water were 
carried out. For the seed inoculation, test tubes (25 
x 150 mm) containing 15 mL MS medium 
(Murashige and Skoog 1962), supplemented with 
30 g.L-1 sucrose, solidified with 2 g.L-1 Phytagel®, 
pH adjusted to 5.8 and autoclaved at 120°C for 20 
minutes, were used. The seeds were kept under a 
16 h photoperiod with photon flow density of  
22 µE.m-2.s-1 in the growth chambers with 
controlled temperature (27 ± 1°C) for 60 days. The 
seedlings were obtained and transferred to MS 
medium, supplemented with 0.53 µM NAA (α-
naphthalene acetic acid), 4.4 µM BAP (6-
benzylaminopurine), 30 g.L-1 of sucrose and 2.4 
g.L-1 Phytagel®, where they remained for six 
weeks until the explants were ready to set up the 
experiment. The pH of the medium and the growth 
conditions were the same as described above.  
 
Induction of somatic embryogenesis 
Leaf segments longitudinally cut into 0.8 mm 
pieces and transversal cuts of the stem were 
transferred to Petri dishes (100 x 20 mm) with 40 
mL MS medium, 30 g.L-1 sucrose, 7 g.L-1 agar, 
supplemented with 5.7 µM Indole-3-acetic acid 
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(IAA), 5.3 µM NAA and with all the combinations 
between the concentrations of 2,4-D (0, 9, 18 and 
27 µM) and glutamine (0, 50, 100, 150 e 200 mg 
L-1), with pH adjusted to 5.8. The experimental 
design was a complete randomized block in a 2 x 4 
x 5 factorial scheme with two types of explants, 
four concentrations of 2,4-D and five 
concentrations of glutamine. Each treatment had 
10 replicates that consisting of a Petri dish 
containing six segments from a single leaf and five 
segments of the stem explant. The explants were 
kept in a dark room at 27ºC. In order to monitor 
the development of the explants periodic 
evaluations were performed in interval periods of 
15 days. After 60 days of cultivation, the 
frequency of explants with shoot formation (%) 
and with embryogenic callus (%) was recorded. 
The number and position of embryogenic callus on 
the explants were registered according the 
following scale: 1- callus with the embryos in ¼ of 
its surface; 2- callus presenting the embryos in ½ 
of its surface, and 3- callus presenting the embryos 
on its entire surface. The number of embryogenic 
calli with embryos in different stages of 
histodifferentiation, was also recorded. The 
analyses of variance were carried out and for the 
frequency analyses, data were transformed to (x + 
0.5)0.5 . The means were compared by the Tukey’s 
test at 5% of probability and the SAS statistical 
software system (SAS Institute Inc 2004) was 
used. 
 
Maturation and rooting 
Calli fragments with somatic embryos were 
separated and transferred to MS medium 
supplemented with 30 g.L-1 sucrose, 2.4 g.L-1 
Phytagel®, 0.53 µM NAA and 0.88 µM BAP 

(Silveira et al. 2009b) and cultivated under a 16 h 
photoperiod with photon flow density of 22 µE.m-

2.s-1 and temperature of 27±1°C during four weeks 
for embryo maturation. After complete 
development of the embryos, the plants were 
transferred to MS hormone-free medium for 
embryo germination. The number of embryos 
converted into plants per calli fragments was 
registered. 
 
 
RESULTS AND DISCUSSION 
 
Results regarding the leaf explants were 
negligible, at least for the conditions established in 
this study with lack of callogenesis in most 
treatments. Just one treatment, 18 µM 2,4-D and 
100 mg.L-1 glutamine, had a frequency of 0.6% 
with globular embryos reported at the base of the 
leaf, as shown in Figure 1A. Most leaf explants 
had a brownish color (Fig. 1B), not showing any 
growth, suggesting necrosis. On the other hand, in 
this type of explant, the growth of friable non-
embryogenic calli, with loosely tight cells and 
translucid white color, resembling cell 
nodulations, was reported. The formation of this 
type of callus was favored in the treatment with 27 
µM 2,4-D and 50 mg.L-1 of glutamine (data not 
shown); however, embryos, or plants were not 
formed. Silva et al (2009) reported good results 
with the addition of NH4NO3 to the culture 
medium with shoot formation at the leaf base. In 
Dyckia maritime Baker similar results were 
obtained, where the higher levels of NH4NO3 

concentration on the culture medium increased the 
multiplication rate (Da Silva et al. 2005).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 - Globular embryo formation close to the base of the leaf (A) and leaf explants without 
development showing brownish color and shoots originated from fragments stems 
explants by direct organogenesis (B). 
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According to these authors, the NH4NO3 

concentrations could influence the endogenous 
levels of plant growth regulators, as demonstrated 
with other bromeliads (Mercier and Kerbauy 
1998) and could be an interesting strategy to use in 
future work with Neoglaziovia variegata. 
Two types of growth were reported in the explants 
from stem segments: plants formed directly from 
the base of the stem and embryogenic calli formed 
on the surface. The formation of the plants from 
direct organogenesis occurred in the treatment 
lacking 2,4-D, while the gain in competence 
increased significantly with the increase in the 
concentration of glutamine, showing the strong 
effect of this amino acid in this process with 
57.5% explants converted into plants in the 
medium supplemented with 200 mg.L-1 glutamine 
(Fig. 2). The regenerative potential of the basal 
part of bromeliad leaves has already been 
described by Hosoki and Asahira (1980), in  
 

agreement with several previous studies 
(Firoozabady and Moy 2004; Hamasaki et al. 
2005; Droste et al. 2005; Alves et al. 2006; Silva 
et al. 2009; Silva et al. 2012), but there were no 
reports on the use of stem explants. Actually, in 
vitro bromeliad plants form a false stem, which is 
formed by the base of the leaves joined together at 
the adjacency of the root system, since they are 
monocotyledons. This could explain the results 
obtained in this study. The influence of the type of 
explant in the success of an embryogenic protocol 
has been reported in the literature, although 
different responses can be related as species 
dependent (Magalhães et al. 2006; Dal Vesco and 
Guerra 2010). Successful results with leaf explants 
in pineapple, another bromeliad, were reported by 
several authors (Soneji et al. 2002; Sripaoraya et 
al. 2003; Firoozabady and Moy 2004), although 
they were not in agreement with the results of the 
present work.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 - Frequency of shoots (%) formed from stem segments after 60 days in culture medium 
without 2,4-D and with different concentrations of glutamine. *Averages followed by the 
same letters did not share significant differences at 5% probability by Tukey's test. 

 
 
As regards the embryogenesis, the presence of 2,4-
D in the culture medium was crucial for the 
induction of embryogenic calli and the most 
promising results were reported using the explants 
from stem segments, showing growth after 40 days 
of culture. The embryogenic calli had a compact, 
granular aspect with whitish color. The evaluation 
carried out 60 days after in vitro culture started 
showed different responses regarding the 
combinations of the concentrations of 2,4-D and 
glutamine added to the culture medium. The 
frequency of explants with embryogenic calli was 
influenced by the presence of 2,4-D and glutamine 
in the culture medium; however, there was no 
significant interaction between them (Table 1). 

The concentration of 18 µM 2,4-D had the best 
result with a frequency of 52.8% embryogenic 
calli, whereas an inhibitory effect was observed 
with the concentration of 27 µM.  
Results on glutamine showed that the addition of 
100 mg.L-1 to the culture medium (fragments 
stems) during the initial stage of the process did 
not promote better results than the control 
treatment, whereas the highest concentrations (150 
and 200 mg.L-1) had a negative effect in the 
formation of embryogenic calli (Table 1). The 
addition of amino acids to the culture medium may 
inhibit, or promote the development of somatic 
embryogenesis and the response to these amino 
acids varies with the species and type of explant 
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(George 1993; Khalil et al. 2002). For bromeliads, 
these responses are variable even though very high 
concentrations have shown an inhibitory effect in 
several studies. Hamasaki et al. (2005), studying 
with explants from the base of leaves of Ananas 
comosus var. Smooth Cayenne, obtained 
satisfactory results when 1 g.L-1 glutamine was 
added to the shoot induction medium, despite the 
fact that at higher concentrations (2 and 4 g.L-1), 
the effect of glutamine for this organogenic 
process was reduced. The authors also noticed that 
the positive influence of glutamine in this process 
was due to the alterations in the endogenous 
concentrations of IAA and iP (6-(gamma,gamma-

dimethylallylamino) purine) in the base of 
pineapple leaves. Dal Vesco and Guerra (2001), 
stuying A. sellowiana, noticed a significant 
increase in the percentage of induction of somatic 
embryogenesis when the culture medium was 
supplemented with glutamine, asparagine and 
arginine amino acids. 
In regard to the distribution of embryos on the 
surface of the explant, the treatment with the 
combination of 18 µM 2,4-D and 100 mg.L-1 of 
glutamine promoted the highest frequency of calli 
with embryos, with emphasis to the calli which 
had embryos on the entire surface (Fig. 3A and 
Table 2). 

 
Table 1 - Frequency (%) of embryogenic calli formed from fragments stems explants after 60 days in culture 
medium with different concentrations of 2,4-D and glutamine. 

2,4-D (µM)  Frequency (%) 
0     0.00c* 
9 28.94b 
18 52.80a 
27 35.35b 

Glutamine (mg.L-1)  Frequency (%) 
0 36.21ab 
50 22.29bc 
100 44.64a 
150  24.04bc 
200 19.18c 

CV (%) 57.25 
*Means followed by the same letter do not differ significantly between themselves by the Tukey test at 5% probability. 

 
Table 2 - Number of embryogenic calli originated from fragments stems explants showing the distribution 
(position) of the somatic embryos in the calli after 60 days in culture medium considering all the combinations 
between the concentrations of 2,4-D and glutamine. 

Treatment Embryogenic calli 
Glutamine 

(mg L-1) 
2,4-D (µM) Embryos in ¼ of the 

callus 
Embryos on ½ of the 

callus 
Embryos in the entire 

callus 
0 0 0 0 0 
 9 11 0 0 
 18 11 11 1 
 27 14 4 1 

50 0 0 0 0 
 9 4 7 1 
 18 10 2 0 
 27 5 2 0 

100 0 0 0 0 
 9 15 3 2 
 18 13 15 9 
 27 10 10 0 

150 0 0 0 0 
 9 3 1 1 
 18 15 6 0 
 27 8 8 0 

200 0 0 0 0 
 9 6 0 0 
 18 11 6 0 

 27 9 2 0 
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After 60 days of culture in the induction medium 
with different combinations of 2,4-D and 
glutamine, many calli had embryos in the pro-
embryo and globular stages and few calli had 
embryos in the torpedo stage (Table 3). The 
development in non-synchronized fashion was 
observed, in which some calli presented embryos 
in different stages of histodifferentiation, mainly in 
the globular and torpedo stages (Fig. 3B). 
Nevertheless, no embryo in the cotyledonous stage 

was observed in any of the treatments, which 
presented embryogenic calli, which did not 
prevent these embryos from developing into whole 
plants afterwards. The culture medium used 
promoted the maturation and normal embryo 
development. According to the results presented 
on Table 3, the treatment with the combination of 
18 µM 2,4-D and 100 mg.L-1 glutamine was the 
one which showed the highest development of 
embryos in all stages of development.  

 
Table 3 - Number of embryogenic calli originated from fragments stems explants with somatic embryos in different 
histodifferenciation stages cultured in medium with different concentrations of 2,4-D and glutamine after 60 days of 
induction. 

Treatment Embryogenic calli 
Glutamine 
(mg.L-1) 

2,4-D 
(µM) 

Pro-embryo 
Globular 
Embryo 

Torpedo 
Embryo 

Globular + 
Torpedo 

0 0 0 0 0 0 
 9 10 1 0 0 
 18 3 18 2 0 
 27 8 8 0 3 

50 0 0 0 0 0 
 9 6 2 3 0 
 18 5 5 2 0 
 27 5 2 0 0 

100 0 0 0 0 0 
 9 14 3 3 0 
 18 7 24 1 5 
 27 4 11 1 4 

150 0 0 0 0 0 
 9 3 1 1 0 
 18 12 6 0 3 
 27 7 7 0 2 

200 0 0 0 0 0 
 9 4 2 0 0 
 18 8 7 1 1 
 27 5 4 0 2 

 
 

 
Calli fragments with embryos cultured in the 
maturation medium showed different responses 
(Fig. 3C). During the 40 days of culture, not all the 
embryos were converted into plants with the 
development of root and stem apical meristems 
(Fig. 3D), whereas the embryos originated from 
the medium with 18 µM 2,4-D and 100 mg.L-1 
glutamine had the highest number of embryos 
converted into plants (Table 4), probably due to 
the highest number of embryos in the most 
advanced stages of development. These plants 
were transferred to the embryo germination 
medium and developed normally (Fig. 3E and F).  
Table 4 showed that glutamine that did not have 
any significant effect in the embryo induction 
stage, nevertheless it played an important role in 
the conversion of embryos into plants. Also, 

embryos with morphological changes were 
reported, especially, cotyledon fusion and embryos 
that did not form plants. 
These results might be due to the long period in 
which the embryos were maintained in the 
medium containing 2,4-D during the induction 
stage. Several reports in the literature mention the 
occurrence of anomalous embryos, probably due 
to long periods of exposure to the auxin 2,4-D, 
which may lead to physiologic or genetic 
alterations (Guerra et al. 1999; Pescador et al. 
2008). Therefore, in view of the results, the 
reduction in the concentrations of these regulators 
as well as the time of exposure should be re-
evaluated. Other resources for embryogenesis 
induction, such as temperature stresses are being 
tested in some species and may be an alternative to 
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avoid high rates of not well-formed embryos. This 
is the first report in search of a somatic 
embryogenesis protocol in caroá which could 
provide important information to the future 
breeding program of this species considered 

endangered in the Brazilian Caatinga. The results 
could be promising and showed the viability of the 
use of this technique in multiplication and 
conservation programs of the N. variegata species. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 - Somatic embryogenesis in caroá [Neoglaziovia variegata (Arruda) Mez]. (A) fragments 

stems with globular embryos (GE) distributed on the entire surface after 60 days in culture 
medium; (B) embryos in the globular and torpedo (TE) stages in the fragments stems after 
60 days in culture medium; (C) calli with embryos cultured in the maturation medium; (D) 
regeneration of embryos into plants and embryos without development (anomalous); (E) 
view of a plant regenerated from somatic embryo; (F) single caroá plant in MS medium 
free of plant growth regulators. 
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Table 4 - Number of embryos converted into plants from fragments of Neoglaziovia variegata stems in the different 
treatments. 

Treatment 
Number  of plants 

Glutamine  (mg.L-1) 2,4-D  (µM) 
0 9 6 
 18 26 
 27 15 

50 9 7 
 18 10 
 27 9 

100 9 8 
 18 42 
 27 20 

150 9 4 
 18 24 
 27 12 

200 9 4 
 18 23 
 27 11 

 
 
 
CONCLUSIONS 
 
From the resulta, it was concluded that: 
- The caroá leaf explants did not show 
embryogenic potential under the conditions of this 
report; 
- The auxin 2,4-D was crucial for inducing 
embryogenic capacity; 
- The use of 100 mg.L-1 glutamine was essential 
for promoting the conversion of embryos into 
plants; 
- The highest frequency of embryogenic calli and 
the best rates of conversion into plants were from 
the stem segment explants in medium 
supplemented with 18 µM 2,4-D and 100 mg.L-1 
glutamine. 
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