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ABSTRACT

Neoglaziovia variegata (Arruda) Mea Bromeliad endemic to the Brazilian Caatinga aoadrce of fiber for many
different products, is considered an endangeredisgelLeaf and stem segments were cultivated omadhige and
Skoog (MS) medium with combinations of 2,4- diggbenoxyacetic acid (2,4-D) (0, 9, 18 and 27 uMj an
glutamine (0, 50, 100, 150, 200 mgd)Lfor the induction of embryogenic calli. Leaf segns did not present a
favorable response for the combinations analyzée. Best response for embryogenic calli frequendly thie best
distribution of somatic embryos on the surface hatter conversion rate was obtained using the sexpsants in
the medium containing 18 pM 2,4-D and 100 rifgglutamine. The embryogenic calli obtained from diféerent
induction media were transferred to MS medium sapehted with 30 glsucrose, 2.4 g:t Phytage?, 0.53 pM
a-naphthalene acetic acid (NAA) and 0.88 pM of 6zglaminopurine (BAP). The regenerated plants preskn
normal growth; however, many embryos did not fdédyelop.
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INTRODUCTION Neto et al. 2013). This species has been used since

the last century without any set cultivation system
Neoglaziovia variegat (Arruda) Mez, popularly Harvesting is carried out at large-scale using
known as caroa, is an endemic Bromeliad from thextractivism practices, drastically reducing the
Caatinga, which plays an important economic angopulation of these plants in some regions. In
social role in the Semi-arid Region of Northeasaddition, the increased devastation of the Caatinga
Brazil. Its fibers are used in the textile industryfor the development of agricultural activities has
and fine craftsmanship, constituting a primaryplaced this species under endangered conditions.
source of employment and income for manyTherefore, there is a need of immediate studies to
families in the Northeast (Ribeiro 2007; Silveita e establish the strategies for genetic conservation
al. 2009a). Furthermore, like other plants of thénd for the development of a cultivation system
bromeliad family and due to the quality of thefor this species (Silveira et al. 2009a). For both
fiber, it can be used in the formulation ofobjectives, the basic requirement is the largeescal
polymeric compounds for the development ofproduction of seedlings, associated with studies on
many industrial products (Ledo et al. 2009; Sena
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its genetic variability as reported in previousembryogenic calli and regenerationMfvariegata
studies (Silveira et al. 2009b). plants.

As regards the conservation, a micropropagatic

protocol forin vitro germination of carod plants

has already been developed along with the resulATERIALS AND METHODS

of the genetic variability studies of three distinc __ . , _

caroa populations (Silveira et al. 2009a). This yvor!< was carrle_d out in three_ steps: (1) seed
Nevertheless, in order to grow this plant for use gJ€rmination to obtain the seedlings to use as
an industrial level, such as in the case of*Plants source; (2) the induction of somatic
reinforcement polymeric matrices, or even fofmPryogenesis, and (3) the maturation and rooting

fiber production to be used in craftsmanship, £ somatic embryos.
very high number of seedlings in uniform
conditions is necessary. Somatic embryogenesis
highly efficient as a massive propagation leadin
to high multiplication rates and to individual , g
embryos that develop into complete plants (Ibaral&aro.a _plants_ originated fro'm Vglente'county, a
and Murata 2001), also helping germplasn??éc\'la”dnraet%'roarllly‘)f th?é;%%?ggﬁién Bacg'glr(;’\i'::tr:s_'t
conservation programs. There are many factor’%0 , : ‘ ) 2 . ) '
responsible for the success of the embryogeni 1'20'27,5"S and 397'33,2'W, altitude: 376 m).

rocess, from the appearance of the first embr dgitially, the seeds were washed in Wgter and a
Fo the number of erelpt))ryos produced per explayn ommerc_lal de_te_rgent (10 drops/) an(_j _rlnsed t_hree
Among these factors, the combination Ofimes with distilled water. The disinfestation

regulators used in the induction stage, the duIaticorocedure was carried out under aseptic conditions

; L n a laminar flow hood sterilized with ethanol
of this stage, the origin of the explant and th ) : _
physiological stage of the mother plant ar 70%) for 5 minutes a_md, afterwards(,) In a .1'1
important (Dublin 1991). solution of commercial bleach (2% active

The type and concentration of the phytoregulatoglonde) with deionized water for 20 minutes.

used varies according to the need for each speci fter the treatment with bleach, three consecutive
Krikorian et al. (1987) reported that in theWé.SheS with autoclaved distilled water were

induction of the somatic embryogenic stage, thgarrled out. For the seed inoculation, test tués (

. X 150 mm) containing 15 mL MS medium
presence of 2,4-D (2,4 - dichlorophenoxyaceti : .
acid) was crucial for cell proliferation. Another Murashige and Skoog 1962), supplemented with

-1 T . .
relevant factor for this stage of somatic?’0 g.L" sucrose, solidified with 2 g:LPhytagef,

embryogenesis is the addition of organic source%'f| aSJUSted to 5.851n_?hautoclzved at 1k20 tC fo(; 20
of nitrogen, because in some situations, they a inutes, were used. 'he seeds were kept under a

fundamental for the formation of calli and somatic 6 h photoperiod with photon flow density of

- L 22 pE.m”s' in the growth chambers with
embryos (Kirby et al. 1987). Glutamine is often o
used in culture medium as a source of Organigontrolled temperature (27 + 1°C) for 60 days. The

nitrogen (Frankilin and Dixon 1994). Many studiesSeedlings were obtained and transferred to MS

have shown that the use of this amino acid can BBedriur:ni supplem(_ented .\(’j\’ith 0.53 UM NAA-( 6
beneficial toin vitro cultivation, increasing the nap tlae'ne apetlc 3%C' 2L f4'4 UM BAdPZE'r-
regeneration rate and explants biomass (Higashi Q{eLr)lzy;rzmnoré%Jrlner)], % 0 sucrpsed a? 2

al. 1997; Dal Vesco and Guerra 2001; Vasudeva® ytfdg , Where they remained for six
et al. 2004). In bromeliads, glutamine was aereekS_ until the explants were _ready to set up the
excellent source of nitrogen to increase the dr xperiment. The pH of the medlum. and the growth
matter of aerial parts of plants grown vitro onditions were the same as described above.

besides strongly influencing both the hormonal

content of buds (Mercier and Kerbauy 1998) andnduction of somatic embryogenesis
eaf segments longitudinally cut into 0.8 mm

the process of direct organogenesis in leaves
(Hamasaki et al. 2005) pieces and transversal cuts of the stem were

In view of the above, this work aimed to study thdransferred to Petri dishes (100 x 20 mm) with 40

. 1 -
effect of different explants and concentrations oftk MS medlum,' 30 gt sucrose, 7 gt agar,
24D and glutamine in the formation of supplemented with 5.7 pM Indole-3-acetic acid

e seeds were collected from the mature and

%ant material and seed germination
mature fruits from inflorescences collected from
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(IAA), 5.3 uM NAA and with all the combinations (Silveira et al. 2009b) and cultivated under a 16 h
between the concentrations of 2,4-D (0, 9, 18 anghotoperiod with photon flow density of 2&E.m

27 uM) and glutamine (0, 50, 100, 150 e 200 md.s* and temperature of 27+1°C during four weeks
L™, with pH adjusted to 5.8. The experimentafor embryo maturation. After complete
design was a complete randomized block in a 2 x development of the embryos, the plants were
x 5 factorial scheme with two types of explantsiransferred to MS hormone-free medium for
four concentrations of 2,4-D and five embryo germination. The number of embryos
concentrations of glutamine. Each treatment hadonverted into plants per calli fragments was
10 replicates that consisting of a Petri dishegistered.

containing six segments from a single leaf and five

segments of the stem explant. The explants were

kept in a dark room at 27°C. In order to monito!RESULTS AND DISCUSSION

the development of the explants periodic

evaluations were performed in interval periods oResults regarding the leaf explants were
15 days. After 60 days of cultivation, thenegligible, at least for the conditions established
frequency of explants with shoot formation (%)this study with lack of callogenesis in most
and with embryogenic callus (%) was recordedgreatments. Just one treatment, 18 pM 2,4-D and
The number and position of embryogenic callus on00 mg.L* glutamine, had a frequency of 0.6%
the explants were registered according th@ith globular embryos reported at the base of the
following scale: 1- callus with the embryos in % ofleaf, as shown in Figure 1A. Most leaf explants
its surface; 2- callus presenting the embryos in Y3ad a brownish color (Fig. 1B), not showing any
of its surface, and 3- callus presenting the embryqrowth, suggesting necrosis. On the other hand, in
on its entire surface. The number of embryogenighis type of explant, the growth of friable non-
calli with embryos in different stages of embryogenic calli, with loosely tight cells and
histodifferentiation, was also recorded. Theranslucid white  color, resembling cell
analyses of variance were carried out and for thgodulations, was reported. The formation of this
frequency analyses, data were transformed to (X type of callus was favored in the treatment with 27
0.5)°. The means were compared by the Tukey'siM 2,4-D and 50 mg.L of glutamine (data not
test at 5% of probability and the SAS StatiSticabhown); however, embryos, or plants were not
software system (SAS Institute Inc 2004) wagormed. Silva et al (2009) reported good results

used. with the addition of NEHNO; to the culture
_ _ medium with shoot formation at the leaf base. In
Maturation and rooting Dyckia maritime Baker similar results were

Calli fragments with somatic embryos werepbtained, where the higher levels of MO,
separated and transferred to MS medium concentration on the culture medium increased the

supplemented with 30 gL sucrose, 2.4 gt multiplication rate (Da Silva et al. 2005).
Phytagel, 0.53 UM NAA and 0.88 uM BAP

Figure 1 - Globular embryo formation close to the base of lded (A) and leaf explants without
development showing brownish color and shoots wgigid from fragments stems
explants by direct organogenesis (B).
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According to these authors, the MN¥D; agreement with several previous studies
concentrations could influence the endogenou@-iroozabady and Moy 2004; Hamasaki et al.
levels of plant growth regulators, as demonstrated005; Droste et al. 2005; Alves et al. 2006; Silva
with other bromeliads (Mercier and Kerbauyet al. 2009; Silva et al. 2012), but there were no
1998) and could be an interesting strategy to mse reports on the use of stem explants. Actuaty,
future work withNeoglaziovia variegata vitro bromeliad plants form a false stem, which is
Two types of growth were reported in the explantéormed by the base of the leaves joined together at
from stem segments: plants formed directly fronthe adjacency of the root system, since they are
the base of the stem and embryogenic calli formechonocotyledons. This could explain the results
on the surface. The formation of the plants fronmobtained in this study. The influence of the type o
direct organogenesis occurred in the treatmemxplant in the success of an embryogenic protocol
lacking 2,4-D, while the gain in competencehas been reported in the literature, although
increased significantly with the increase in thedifferent responses can be related as species
concentration of glutamine, showing the stronglependent (Magalhées et al. 2006; Dal Vesco and
effect of this amino acid in this process withGuerra 2010). Successful results with leaf explants
57.5% explants converted into plants in thdn pineapple, another bromeliad, were reported by
medium supplemented with 200 mg.glutamine  several authors (Soneji et al. 2002; Sripaoraya et
(Fig. 2). The regenerative potential of the basahl. 2003; Firoozabady and Moy 2004), although
part of bromeliad leaves has already beethey were not in agreement with the results of the
described by Hosoki and Asahira (1980), inpresent work.
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Figure 2 - Frequency of shoots (%) formed from stem segmafies 60 days in culture medium
without 2,4-D and with different concentrationsgdfitamine. *Averages followed by the
same letters did not share significant differeraies% probability by Tukey's test.

As regards the embryogenesis, the presence of 2;Bhe concentration of 18 uM 2,4-D had the best
D in the culture medium was crucial for theresult with a frequency of 52.8% embryogenic
induction of embryogenic calli and the mostcalli, whereas an inhibitory effect was observed
promising results were reported using the explantsith the concentration of 27 uM.

from stem segments, showing growth after 40 dayResults on glutamine showed that the addition of
of culture. The embryogenic calli had a compactl00 mg.L' to the culture medium (fragments
granular aspect with whitish color. The evaluatiorstems) during the initial stage of the process did
carried out 60 days aften vitro culture started not promote better results than the control
showed different responses regarding théreatment, whereas the highest concentrations (150
combinations of the concentrations of 2,4-D angnd 200 mg.l') had a negative effect in the
glutamine added to the culture medium. Thdormation of embryogenic calli (Table 1). The
frequency of explants with embryogenic calli wasaddition of amino acids to the culture medium may
influenced by the presence of 2,4-D and glutaminahibit, or promote the development of somatic
in the culture medium; however, there was n@mbryogenesis and the response to these amino
significant interaction between them (Table 1)acids varies with the species and type of explant
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(George 1993; Khalil et al. 2002). For bromeliadsdimethylallylamino) purine) in the base of
these responses are variable even though very higineapple leaves. Dal Vesco and Guerra (2001),
concentrations have shown an inhibitory effect irstuying A. sellowiana noticed a significant
several studies. Hamasaki et al. (2005), studyinmcrease in the percentage of induction of somatic
with explants from the base of leavesArfanas embryogenesis when the culture medium was
comosus var. Smooth Cayenne, obtainedsupplemented with glutamine, asparagine and
satisfactory results when 1 @.Lglutamine was arginine amino acids.

added to the shoot induction medium, despite thiem regard to the distribution of embryos on the
fact that at higher concentrations (2 and 4%.L surface of the explant, the treatment with the
the effect of glutamine for this organogeniccombination of 18 uM 2,4-D and 100 mg.lof
process was reduced. The authors also noticed tlgdtitamine promoted the highest frequency of calli
the positive influence of glutamine in this processith embryos, with emphasis to the calli which
was due to the alterations in the endogenousad embryos on the entire surface (Fig. 3A and
concentrations of IAA and iP (6-(gamma,gamma-Table 2).

Table 1 - Frequency (%) of embryogenic calli formed fromgimreents stemexplants after 60 days in culture
medium with different concentrations of 2,4-D amdtgmine.

2,4-D (uM) Frequency (%)
0 0.00c
9 28.94b
18 52.80a
27 35.35b
Glutamine (mg.L™") 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 diffenifigantly between themselves by the Tukey te&Patprobability.

Table 2 - Number of embryogenic calli originated from fragm®e stems explants showing the distribution
(position) of the somatic embryos in the calli afé® days in culture medium considering all the bomations
between the concentrations of 2,4-D and glutamine.

Treatment Embryogenic calli
Glutamine Embryos in ¥ of the Embryos on %2 of the ~ Embryos in the entire
-1 2,4-D (M)
(mg L") callus callus 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 mediumwas observed in any of the treatments, which
with different combinations of 2,4-D and presented embryogenic calli, which did not
glutamine, many calli had embryos in the proprevent these embryos from developing into whole
embryo and globular stages and few calli haglants afterwards. The culture medium used
embryos in the torpedo stage (Table 3). Th@romoted the maturation and normal embryo
development in non-synchronized fashion waslevelopment. According to the results presented
observed, in which some calli presented embryosn Table 3, the treatment with the combination of
in different stages of histodifferentiation, maiiy 18 pM 2,4-D and 100 mgl glutamine was the
the globular and torpedo stages (Fig. 3B)one which showed the highest development of
Nevertheless, no embryo in the cotyledonous stagembryos in all stages of development.

Table 3 - Number of embryogenic calli originated from fragitsestems explants with somatic embryos in differen
histodifferenciation stages cultured in medium vdifierent concentrations of 2,4-D and glutaminea60 days of
induction.

Treatment Embryogenic calli
Glutamine 2,4-D Pro-embrvo Globular Torpedo Globular +
(mg.L™) (UM) y Embryo Embryo 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 theembryos with morphological changes were
maturation medium showed different responseseported, especially, cotyledon fusion and embryos
(Fig. 3C). During the 40 days of culture, not bkt that did not form plants.

embryos were converted into plants with theThese results might be due to the long period in
development of root and stem apical meristemwhich the embryos were maintained in the
(Fig. 3D), whereas the embryos originated frommedium containing 2,4-D during the induction
the medium with 18 uM 2,4-D and 100 mg.L stage. Several reports in the literature mentien th
glutamine had the highest number of embryosccurrence of anomalous embryos, probably due
converted into plants (Table 4), probably due tdo long periods of exposure to the auxin 2,4-D,
the highest number of embryos in the mostvhich may lead to physiologic or genetic
advanced stages of development. These plantdterations (Guerra et al. 1999; Pescador et al.
were transferred to the embryo germinatior008). Therefore, in view of the results, the
medium and developed normally (Fig. 3E and F). reduction in the concentrations of these regulators
Table 4 showed that glutamine that did not havas well as the time of exposure should be re-
any significant effect in the embryo inductionevaluated. Other resources for embryogenesis
stage, nevertheless it played an important role imduction, such as temperature stresses are being
the conversion of embryos into plants. Alsotested in some species and may be an alternative to
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avoid high rates of not well-formed embryos. Thisendangered in the Brazilian Caatinga. The results
is the first report in search of a somaticcould be promising and showed the viability of the
embryogenesis protocol in carod which couldise of this technique in multiplication and
provide important information to the future conservation programs of ti\e variegataspecies.
breeding program of this species considered

Figure 3 - Somatic embryogenesis in carddepglaziovia variegatdArruda) Mez]. (A) fragments
stems with globular embryos (GE) distributed onehére surface after 60 days in culture
medium; (B) embryos in the globular and torpedo)($tages in the fragments stems after
60 days in culture medium; (C) calli with embryasdtared in the maturation medium; (D)
regeneration of embryos into plants and embryohowit development (anomalous); (E)
view of a plant regenerated from somatic embryQ;siRgle caroa plant in MS medium
free of plant growth regulators.
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Table 4 - Number of embryos converted into plants from fragte ofNeoglaziovia variegat stems in the different
treatments.

Treatment Number of plants
Glutamine (mg.L™) 2,4-D (UM) P
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 Da Silva ALL, Franco ETH, Bisognin DA, Dornelles

EB, Walter JM. Efeitos do nitrato de amoénia na
multiplicagdo e regeneracdo de gemas laterais de

From the resulta, it was concluded that. Dyckia maritima Baker BromeliaceaeR Bras
- The caroa leaf explants did not show Agrociéncia 2005: 11(3):369-371,

embryogenic potential under the conditions of thi%roste A Silva AM. Matos AV Almeida JWn vitro

report; _ _ _ _ culture of Vriesea gigantea and Vriesea
- The auxin 2,4-D was crucial for inducing philippocoburgii Two vulnerable bromeliads native
embryogenic capacity; to southern BrazilBraz Arch Biol Technol2005.

- The use of 100 mglglutamine was essential 48(5):717-722.

for promoting the conversion of embryos intoDublin P. Multiplicacion vegetativa de café, hevea
plants; cacao. In: Roca WM, Mroginski LA (eds). Cultivo de

- The highest frequency of embryogenic calli and tejidos en la agricultura; fundamentos y aplicae®n

the best rates of conversion into plants were fro Cali: CIAT; 1991. p. 612-642. . .
the stem segment explants in mediuntPlroozabady E, Moy Y. Regeneration of pineapple

: ; lants via somatic embryogenesis and organogenesis.

supplemented with 18 uM 2,4-D and 100 mg.L |2k 'Coll Dew Biol. Plant2004. 40:67-74. -

glutamine. Franklin CI, Dixon RA. Initiation and maintenancé o
callus and cell suspension cultures. In: Dixon RA,
Gonzales RA (eds). Plant cell culture - a practical
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