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ABSTRACT. The objective of this study was to morpho-anatomically characterize
nodular embryogenic calluses from zygotic embryos of peach palm during the induction of
somatic embryogenesis. Immature zygotic embryos were pre-treated in MS medium added
to Picloram and 2,4-D (25 uM) and BAP (0, 5, 10 uM). After three months, primary
calluses were transferred to MS induction medium added to Picloram and 2,4-D (450 uM).
After six months, the embryogenic calluses were then histologically analyzed and cultivated
in the maturation medium. The competent tissues of the zygotic embryos differentiated
embryogenic calluses under action of both Picloram and 2,4-D auxins (450 uM), where the
presence of multi-granular structures were observed. Histological observations showed that
in the nodular embryogenic calluses, the outlying parenchymal cells exhibit cellular
characteristics of high mitotic activity. Differentiation of tracheal elements exists in
embryogenic calluses connecting the callus to the explant. The evaluated cytokinin/auxin
interaction influences the development of embryogenic calluses and globular structures.
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RESUMO. Caracterizacio morfoanatémica de calos embriogénicos originados de
embrides zigéticos imaturos de pupunheira durante a embriogénese somatica. O
objetivo deste trabalho foi caracterizar morfoanatomicamente calos nodulares embriogénicos
originados de embrides zigdticos de pupunheira durante a indugio da embriogénese somdtica.
Embrides zigbticos imaturos de pupunha foram inicialmente pré-tratados em meio de cultura
MS, solidificado com 2,5 g L' de phytagel® e suplementado com Picloram e 2,4-D na
concentragio de 25 pM e BAP (0, 5, 10 uM). Apds trés meses, os calos primdrios foram
transferidos para meio de indugio, com Picloram e 2,4-D (450 uM). Apds seis meses, os calos
nodulares embriogénicos formados foram entio analisados histologicamente e repicados para o
meio de maturagio para a progressio das estruturas multigranulares embriogénicas. Verificou-se
que os tecidos competentes dos embrides zigbticos imaturos diferenciaram ndédulos
embriogénicos pela agio de ambas as auxinas (Pi e 2,4-D) em 450 pM. Observagdes histoldgicas
mostraram que, nos nédulos embriogénicos, as células parenquiméticas mais periféricas exibem
caracterfsticas celulares de alta atividade mitdtica. Existe diferenciacio de elementos traqueais nos
calos embriogénicos conectando o calo ao explante. A interacio citocinina/auxina influencia o
desenvolvimento dos calos embriogénicos e das estruturas globulares.

Palavras-chave: Bactris gasipaes, micropropagacio, histologia, morfologia, anatomia de calos, embrioes
SOMAticos.

Introduction

The Peach palm is an Arecaceae that is suitable for
the production of fruits and heart of palm. According
to Clement and Santos (2002), the peach palm was
domesticated so that its fruit could be used in the
indigenous economy, in the forms of flour, a
fermented drink and boiled fruit. In today’s economy,

both urban and rural, it is used as boiled fruit.

Peach palm has been the object of intense research
in various parts of tropical America (CLEMENT;
URPI, 1987), mainly due to its characteristics of early
appearance, rusticity, high productivity and tillering.
However, seedlings for commercial planting are
normally produced from seeds, and because it is an
allogamous plant, the production of seedlings from
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seeds can lead to high genetic variability in these crops.
Propagation in vitro of the plants can therefore become
an important tool for overcoming these problems
inherent to the species, as it enables large-scale clonal
and mass multiplication of individuals, provided that
efficient protocols are developed (SCHERWINSKI-
PEREIRA; FORTES, 2003; STEINMACHER et al.,
2007; NOMURA et al., 2008).

Propagation in vitro, via somatic embryogenesis,
offers good potential for clonal multiplication,
where an isolated cell can be induced to produce
first an embryo, and then a complete plant (TAHIR;
STASOLLA, 2006). Success in initiation and
establishment of embryogenic cultures basically
depends on the type and physiological stage of the
explants (NAMASIVAYAM, 2007). This is the first
important step in the transition of the somatic cells
into embryonic cells (DE JONG et al., 1993).
Therefore, it is essential to recognize the explants
that have morphogenic competence (GELDNER
et al., 2000; CARAMORI et al., 2001; PHILLIPS,
2004; TELLES; BIASI, 2005).

In peach palm, attempts have been made at
clonal multiplication of the species using difterent
types of explants, particularly using protocols of
somatic embryogenesis (ALMEIDA; ALMEIDA,
2006; STEINMACHER et al.,, 2007). In general,
although the results are consistent, there have still
been relatively few studies on the structural aspects
linked to the morphology and histology of the
embryogenic callus induced during somatic
embryogenesis, given the preference of authors for
quantitative data in their attempts to establish
commercial protocols.

The histological alterations associated with the
position and activity of the competent cells are
normally basic requirements when studying somatic
embryogenesis. Maheswaran and Williams (1985)
observed that somatic embryogenesis of Trifolium
repens, obtained from immature zygotic embryos,
originated cells of the epidermis of the hypocotyl,
which proliferated to produce somatic embryos in
one phase of callus. The initiation of development of
somatic embryogenesis of Carya illinoinensis, induced
by different revealed, through the
morphological and anatomic analysis, that the auxins
ANA and 2,4-D induced accentuated cell division in
the subepidermal layer of the cotyledons of
immature embryos (RODRIGUEZ; WETZSTEIN,
1998). Steinmacher et al. (2007) observed that
during somatic embryogenesis in peach palm, the
first events of cell division of the mesocotyl of the
zygotic embryo occur from the subepidermal cells,
particularly in the cells adjacent to the vascular
tissues.

auxins
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The objective of this work was to evaluate,
morpho-anatomically, nodular embryogenic calluses
originating from zygotic embryos of peach palm
during the induction of somatic embryogenesis.

Material and methods

Immature zygotic peach palm embryos were
used as the source of explant. These were obtained
from peach palm plants of the Germplasm Bank of
Embrapa Acre, Rio Branco, in the state of Acre
(9°5822" S e 67°48'40" W), while they were still dark
green, at approximately eight weeks, after anthesis.
First, the sceds were extracted from the depulped
fruits then, using a manual press, the zygotic
embryos were removed and disinfected in a laminar
flow chamber, by immersion in alcohol (70%) for
15 seconds, and then in sodium hypochlorite
solution (1.25%) for 10 min. Next, the embryos
were washed three consecutive times, with distilled
water, autoclaved and placed in culture medium for
pre-treatment.

The explants were pre-treated in MS culture
medium (MURASHIGE; SKOOG, 1962), to which
was added 30 g L' sucrose, 2.5 g L' Phytagel®, Morel
and Wetmore (1951) vitamins, and supplemented with
Picloram and 2,4-D at a concentration of 25 pM and
BAP at concentrations of 0, 5 and 10 puM. For the
inoculation, 110 mL glass bottles were used, containing
approximately 20 mL of culture medium. After 104
days of pre-treatment, the primary calluses formed
were transferred to the MS induction medium,
supplemented with Picloram and 2,4-D, both at a
concentration of 450 pM, according to the results
obtained for peach palm  production by
Steinmacher et al. (2007). The embryonic formations
obtained in this treatment were transferred, after 179
days of cultivation, to the maturation medium
comprised of MS salts supplemented with 45 uM
Picloram and 24-D with 11.25 puM of 2-iP. The
composition of the culture media in the different
phases of somatic embryogenesis induction in peach
palm can be seen in Table 1.

The pH of the culture media was adjusted to
5.8#0.1 before the addition of Phytagel®, and
subsequently autoclaved at 121°C, for 15 min. in
1.3 atm. The experiments were maintained in a
growth room at a temperature of 25+2°C, in the
absence of light. The experiment was installed in a
completely randomized design, with eight
repetitions and five embryos per replicate.

Samples of the responsive explants, after
cultivation in induction medium, were prepared for
morpho-anatomical analysis. The samples were
prepared for optical microscopy according to
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James et al. (1994), with modifications. These were
fixed in glutaraldehyde solution 2.5%, in phosphate
buffer 0.1 M (pH 7.2), for 24h, at room
temperature. After fixing, the samples were washed
three times in phosphate buffer and dehydrated in
increasing ethanol series (20 to 100%). After
dehydration, the samples were imbedded in acrylic
resin, LR White medium grade (London, UK) for a
period of seven days, during which time they were
kept in a refrigerator for resin infiltration. The
samples were then embedded in transparent gelatine
capsules containing resin, and placed in 55°C to
polymerize, for 18h. From this material, sections of
1 wm were obtained, using an ultramicrotome
(Leica), stained with blue toluidine solution 1%, and
examined under an optical microscope (Zeiss).

Table 1. Components of the culture media used in the pre-
treatment, induction and maturation of somatic embryos induced
in immature peach palm embryos.

Components Pre-treatment  Induction  Maturation
Culture media MS MS MS
Myo-inositol (mg L) 100 100 100
Picloram (uM) 25 450 45
2,4-D (uM) 25 450 45
BAP (uM) 0,5, 10 - -

2iP (uM) - - 11.25
Phytagel” (g L' 2.5 2.5 2.5

Results and discussion

After 41 days of cultivation, the immature
zygotic peach palm embryos began to present
intumescence in the mesocotyl region (Figure 1A).
Callogenesis was observed in all the treatments
evaluated, at a rate of between 20 and 34% of the
explants cultivated with 2,4-D and Picloram,
respectively, which varied in size and embryonic
potential, depending on the auxin used (Figure 1A-
M). The addition of BAP to the pre-induction
culture medium did not cause any difference in the
formation of primary calluses. Similar results for the
addition of BAP to the culture medium used for the
induction of primary calluses in peach palm were
also observed by Steinmacher et al. (2007), who cite
that it is not necessary to add this cytokinine in the
initial stages of callogenesis in peach palm.
According to the observations of George and
Sherrington (1984), the calluses present distinct
morphogenic expressions, depending to the explant
and nutritive medium used. The same authors
report that in general, the type of callus formed in a
determined  genotype, its degree of cell
differentiation and its morphogenic potential
depend on the species, the type of explant and the
constituents of the culture medium.

265

It is observed that from the region of the
mesocotyl (Figure 1A), the auxin Picloram was the
one that provided the bests responses in terms of
development primary and embryogenic calluses.
However, the growth of primary calluses was slow
and gradual, and after 164 days in cultivation,
presented significant increases in cell masses due the
action of Picloram (Figure 1B-G), when in the
somatic embryo induction medium. According to
Karp (1995), the differences observed in callus
proliferation occur because the explants can vary in
their sensitivity to growth regulators and/or due to
the differences in endogenous content of the
hormones.

In general, the competent tissues in zygotic
embryos differentiate embryogenic calluses under
the action of the auxins Picloram and 2,4-D in
450 uM, and the presence of granular structures was
observed (Figure 1H and I), especially in the
medium with Picloram. Similar
obtained in studies with the induction of somatic
embryos in oil palm, in which the authors observed
that the presence of 24-D stimulated the
morphogenic responses of flower buds (TEIXEIRA
et al.,, 1994). The induction of the embryogenic or
organogenic route is influenced and determined by
the type of explant, genotype, growth regulators,
culture medium, and cultivation conditions (HOU;
JIA, 2004; PARAMAGEETHAM et al, 2004).
According to Namasivayam (2007), the success of
the initiation and establishment of embryogenic
cultures basically depends on the type of
physiological stage of the explants. Guerra and
Handro (1998) observed that the route of the
somatic embryogenesis in Euterpe edulis occurs as a
response to the between  the
physiological stage of the explant, and the type and
concentration of growth regulators present in the
culture medium.

Morphogenesis in vitro results in the interaction
between the processes of induction, cell
competence, determination and cell differentiation
(CHRISTIANSON; WARNICK, 1983), which
culminate in the obtaining of somatic organs or
embryos.

After obtaining the nodular embryogenic callus,
these were transferred to the maturation culture
medium. In this process, it was observed that the
interaction of cytotoxin/auxin influenced the
development of the embryogenic callus, and the
presence of globular structures was observed
(Figure 1M). This type of embryogenic response
occurred with low frequency, in accordance with the
results obtained by Steinmacher et al. (2007).

results were

interaction
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Figure 1. Morphological phases of somatic embryogenesis in
peach palm: (A) Intumescence of the mesocotyl region of the
zygotic embryo (arrow). Bar: 2 mm; (B and C) Start of
development of the primary callus induced by the auxins
Picloram and 2,4-D with 25 pM. Bars: 2 and 3 mm; (D) Growth
of the primary callus in the zygotic embryo after 41 days of
cultivation. Bar: 2 mm; (E and F) Granular structures on the
surface of the primary callus obtained with 450 uM of 2,4-D.
Bars: 4 and 3 mm; (G) Development of globular structures on the
surface of the primary callus. Bar: 2 mm; (H and I) Embryogenic
callus obtained after 164 days (arrow). Bar: 1 mm; (J) Detail of
the isolated somatic embryo. Bar: 1 mm; (L) Differentiated
structures at the start of maturation of the somatic embryos. Bar:
2 mm; (M) Maturation and multiplication of the somatic
embryos (arrow). Bar: 3 mm.

The addition of the auxins 2,4-D and
Picloram, in the induction media of somatic
embryogenesis favored the development of
nodular embryogenic callus with differentiated
cell characteristics. The callus present regions
with  external  granular  morphology  of
heterogeneous cellular composition, with coating
cells, similar to the epidermis, parenchyma cells,
similar to the fundamental parenchyma, and
tracheal elements (Figures 2.1 and 2.2).

The coating cells and the cell layer underlying
the granular structures in the nodular embryogenic
callus present less dense cytoplasm and a non-
evident nuclei. The internal cell layers
(centripetally) cytoplasm  and
prominent nuclei, alternating with more internal
cells without these characteristics. The embryogenic
nodules are therefore arranged in the form of
concentric rings with cells with meristematic
characteristics (Figure 2.1). In the base of the
granular structures of the callus, in contact with the
explant, there are differentiated tracheal elements of
the xylem (Figures 2.3 and 24), with ring
thickenings of the secondary walls (Figure 2.4).

Therefore, in peach palm, the initiation of the
somatic embryogenesis occurs by the multiplication
of internal cells in the embryogenic nodules. Similar
results were observed by Rodriguez and Wetzstein

show a dense
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(1998), in which the start of development of somatic
embryogenesis of Carya illinoinensis (Wagenh) C.
Koch, induced by different auxins revealed, through
morphological and anatomic analysis, that the auxins
NAA and 2,4-D induce accentuated cell division in
the subepidermal layer of the cotyledons of
immature embryos.

Figure 2. Nodular embryogenic callus of Bactris gasipaes Kunth.

(peach palm): 1. Longitudinal section of the embryogenic nodule
from the zygotic embryo (star), with concentric rings with
meristematic characteristics (circles). Bar = 50 um. 2. Detail of
the peripheral region of the embryogenic nodule in transversal
section. Bar = 10 um. 3. Formation of xylem at the base of the
callus. Bar = 10 um. 4. Detail of the tracheal elements of the
xylem at the base of the callus. Bar = 10 um. PC = parenchymal
cells; CC = coating cells; PC = parenchymal cells with dense
cytoplasm; TE = tracheal elements.

Conclusion

Combination of BAP with the auxins Picloram
and 2,4-D is not necessary in the pre-treatment of
the explants for the formation of primary calluses
during the somatic embryogenesis in peach palm.

High concentrations of the auxins 2,4-D and
Picloram in the culture media are necessary for the
induction of nodular embryonic structures in pech
palm
embryogenesis.

The use of Picloram provides better formation of
embryogenic than 2,4-D, for the
induction of somatic embryogenesis in peach palm.

The initiation of somatic embryogenesis in peach
palm from embryo occurs by the
multiplication of internal cells in the embryogenic

during the induction of somatic

structures

zygotic
nodules.
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