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ABSTRACT — Oil palm is economically important as a crop with high oil production. Indirect somatic
embryogenesis in oil palm requires a long time for callus induction and plant formation, and it is important to
study the embryogenic potential of calli and the mechanisms of somatic embryogenesis. The aim of this study
was to test different growth regulators and spermine in induction of embryogenic calli in root explants of oil
palm (Elaeis guineensis Jacq). Apex root explants of approximately 0.5 cm were isolated from plants cultivated
in vitro and inoculated in Y3 culture medium in the following treatments: A — without growth regulators; B - 1
mg.L"! picloram (4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid); C — 1 mg.L"! picloram and 2 mg.L"! 2ip
(2-isopentenyladenine); D — 2 mg.L"! 2ip; E — 1 mg.L"! picloram and 2 mg.L"! BAP (6-benzylaminopurine);
F — 2 mg.L! BAP; and G — 14.5 mg.L"! spermine. After six months of culturing, the calli induced in the
treatments were analyzed by light microscopy. The calli induced in the treatments with 1 mg.L-'picloram (B)
and treatment with 14.5 mg.L-'spermine (G) exhibited embryogenic characteristics, small and isodiametric
cells, forming agglomerates, besides a large amount of starch. Calli of the best treatment (Y3 com 1 mg.L' de
picloram) were inoculated in Y3 culture medium without addition of growth regulators. After eight months,
calli were once more analyzed under light microscopy. All the treatments showed callus formation, except
for treatments D and A. Calli of treatment B exhibited cells with embryogenic characteristics that developed
somatic embryos.

Keywords: Elaeis guineensis, plant tissue culture, callus.

ANALISES HISTOLOGICAS DA EMBRIOGENESE SOMATICA
INDIRETA A PARTIR DE EXPLANTES RADICULARES DE
DENDEZEIRO

RESUMO — O dendezeiro é economicamente importante pela alta producdo de oleo. A embriogénese somdtica
indireta em dendezeiro demanda longo tempo de indugdo de calos e formagdo das plantas, sendo importante o
estudo do potencial embriogénico dos calos e os mecanismos da embriogénese somdtica. O objetivo deste estudo
Jfoi verificar o efeito de diferentes reguladores de crescimento e espermina na indugdo de calos embriogénico em
explantes de raizes de dendezeiro. Explantes apicais radiculares de aproximadamente 0,5 cm foram isolados
de plantas cultivadas in vitro e inoculadas em meio de cultura Y3 com os seguintes tratamentos: meio A - sem
reguladores de crescimento,; B - 1 mg.L" picloram (dcido 4-amino-3,5,6-tricloro-2-piridinacarboxilico); C- 1
mg.L' de picloram e 2 mg.L" de 2ip (2-isopenteniladenina); D - 2 mg.L"' de 2ip; E - 1 mg.L" de picloram e 2
mg.L"' de BAP (6-benzilaminopurina); F - 2 mg.L"! de BAP; e G — 14,5mg.L" de espermina. Apos, seis meses
de cultivo, foram realizadas analises histoldgicas. Os calos induzidos nos tratamentos com 1 mg.L" picloram
(B) e 14,5 mg.L" espermina (G) apresentaram caracteristicas embriogénicas, células pequenas, isodiamétricas
e formando aglomerados, apesar da grande quantidade de amido. Os calos do melhor tratamento (Y3 com 1
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mg.L" de picloram) foram inoculados em meio de cultura de Y3 sem adi¢do de reguladores de crescimento
para sua regeneragdo, que apos oito meses foram realizadas novas andlises histologicas. Todos os tratamentos
apresentaram formagdo de calo, com excegdo dos tratamentos D e A. Os calos do tratamento B exibiram células

com caracteristicas embriogénicas, que desenvolveram embriées somaticos.

Palavras-Chave: Elaeis guineensis, Cultura de Tecidos Vegetais, Calos.

1. INTRODUCTION

Oil palm stands out among oilseeds through
the large quantity and good quality of oil produced
by its bunches in comparison with other oilseeds, for
example, soybean, which produces approximately
400 kg per hectare, whereas oil palm produces
approximately 6,000 kg per hectare, with low
production cost (Agrianual, 2012). The oil from
oil palm is widely used in the food, cosmetics, and
pharmaceutical industries and for production of
biofuels (Mya et al., 2010).

Due to wide use of oil palm, it is important to
expand crop area; however, seedlings are scarce on
a commercial scale because of limitation of having
a single apical meristem per plant, which makes
propagation by conventional methods such as cuttings
impossible. Thus, the seeds are the main propagation
method, and they may have dormancy, leading to slow
germination (three years) at low percentages (30%)
(Luis, 2010).

An alternative for seedling production on a
commercial scale that is becoming more prominent
for palm species is tissue culture through somatic
embryogenesis. During the somatic embryogenesis
process, growth regulators are necessary for
dedifferentiation during callus formation and
differentiation for formation of somatic embryos.
Picloram stands out among these growth regulators
used to callus induction in palm (Steinmacher et al.,
2007; Moura et al., 2008; Padua et al., 2013; Mazri et
al., 2018). The association of auxins with cytokines an
also favor callus formation, as observed in Paspalum
vaginatum Fliiggé (Neibaur and Altpeter, 2008) and
Elaeis guineensis Jacq (Silva et al., 2009; Balzon,
2013).

Polyamines have been studied in the induction of
embryogenic calli; of wich prutecine, spermine and
spermidine are the most commonly reported for this
use (Aydin et al., 2016). Putrescine was successful
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in callus induction in oil palm (Rajesh et al., 2003).
Polyamines act in a manner similar to growth
regulators, with the advantage of promoting DNA
stability and, consequently, normal growth (Galston
and Sawhney, 1990, Bae et al., 2018).

In addition to the growth regulator, another
important factor in obtaining somatic embryogenesis
is the explant used. For oil palm, many studies cite
the use of explants from leaves (Padua et al., 2013),
zygotic embryos (Balzon, 2013), and inflorescences
(Steinmacher-Pereira et al., 2010). There are few
reports regarding explants from FElaeis guineensis
Jacq roots; however, roots are an explant alternative
and may be used for propagation of plants transformed
with Agrobacterium rhizogenes Riker.

In this context, for success in indirect somatic
embryogenesis, identification and characterization
of calli with embryogenesis potential is of crucial
importance. The calli can be characterized according
to morphological and cytological aspects by means
of cytochemical analyses according to the modified
Leica® historesin protocol. This technique allows the
embryogenic calli to be distinguished from the non-
embryogenic calli, and allows greater understanding
of cell development and morphogenesis (Padua et al.,
2013).

Cytochemical analyses through the use of
stains such as Lugol’s iodine allow visualization
of embryogenic characteristics, like the presence
of starch, which is an indicator de embryogenic
competence in oil palm (Silva et al., 2014). Small
isodiametric cells with large nuclei and prominent
nucleoli, mitochondria, cytoplasm with little
intercellular space, and a cell system organized in
cells with embryogenic potential can be visualized
through toluidine blue stain. Non-embryogenic calli
mostly have large, elongated, and vacuolated cells,
with intercellular spaces and a disorganized cell
system, and they are not viable (Padua et al., 2013;
Gomes et al., 2016).
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The aim of this study was to evaluate the effect of
both spermine and a combination of growth regulators
on somatic embryogenesis using explants from oil
palm roots.

2. MATERIALS AND METHODS

2.1. PLANT MATERIAL

The Denpasa Company of Para, Brazil provided
immature fruit of Elaeis guineensis Jacq of the
Manicoré hybrid at approximately 100 days after
pollination.

2.2. DISINFESTATION AND OBTAINING
SEEDLINGS

Oil palm fruits were first washed in sodium
hypochlorite (1.25%) and then opened to remove
the exocarp, mesocarp, and endocarp, exposing
the endosperms. The endosperms were washed in
running water and placed in a laminar flow chamber
for disinfestation. They were then immersed in 70%
alcohol for 30 s followed by sodium hypochlorite
(1.25%) containing Tween® and washed in autoclaved
distilled water three times for five min under constant
shaking. The embryos were isolated from the
endosperms and inoculated in Petri dishes containing
modified Y3 culture medium (Eeuwens, 1978),
supplemented with 45 g.L-10of sucrose and0.6% (w/v)
agar, and pH was adjusted to 5.7+ 0.1.

After inoculation, the embryos were exposed
to a 16-h photoperiod at a temperature of 26 + 2 °C.
After that, they were transferred to magenta vessels
containing the same culture medium, where they were
subcultured every 30 days.

2.3. CALLOGENESIS

Roots of the seedlings obtained in vitro after 7
months of culturing were used for callus induction.
The apex/meristem root explants of approximately
0.5 cm length were inoculated in Y3 culture medium
(Eeuwens, 1978), supplemented with different
growth regulators. The media used for treatments
were as follows: A — without growth regulators;
B - 1 mglL! picloram (4-amino-3,5,6-trichloro-2-
pyridinecarboxylic acid); C — 1 mg.L! picloram
and 2 mg.L' 2ip (2-isopentenyladenine); D — 2
mg.L! 2ip; E — 1 mg.L' picloram and 2 mg.L!
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BAP (6-benzylaminopurine); F — 2 mg.L' BAP;
and G —14.5 mg.L"' spermine. The experiment was
conducted in a completely randomized design with
100 replicates per treatment.

Culture mediums were supplemented with 30
g.L"! sucrose, solidified with 6g.L"! agar and the pH
adjusted to 5.7+0.1. After inoculation, the explants
were kept in a growth room under dark conditions
and temperature of 27 + 2°C. After 3 months of
inoculation, the percentage of callus formation in each
culture medium was evaluated, and cytochemical
analyses of the calli were performed.

2.4. INDUCTION OF SOMATIC EMBRYOS

The embryogenic calli of the Y3 treatment
supplemented with 1 mg.L! picloram were transferred
to Y3 culture medium (Eeuwens, 1978) without
addition of growth regulators and with 1g.L! of
activated carbon for conversion into somatic embryos.

Culture mediums were supplemented with 30
g.L! sucrose and solidified with 6 g.L! agar, and pH
was adjusted to 5.7+0.1. This material was kept in a
growth room exposed to a photoperiod of 16 h at a
temperature of 27 + 2°C.

After eight months of culturing, the embryos
obtained were collected for histochemical analyses.

2.5. CYTOCHEMICALAND HISTOCHEMICAL
ANALYSES

The samples (calli and somatic embryos) were
fixed in FAA (formalin, acetic acid, and 70% alcohol)
for 72 h and conserved in 70% ethanol. After that,
they were dehydrated in ethylic series, infiltrated in
alcohol + resin (50%) overnight, then in pure resin for
48 h, and finally embedded in Leica resin according to
manufacturer’s protocol. The samples were sectioned
at a thickness of 5 pmin a rotary microtome and
stained with 0.05% toluidine blue and weak Lugol’s
iodine solution; they were then set up on slides and
viewed in a Zeiss Scope.Al light microscope coupled
to a camera.

3. RESULTS

Callus formation in roots explants was observed
in all the culture media supplemented with growth
regulators, except for culture medium D, supplemented
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with 2 mg.L! of 2iP. Moreover, culture medium B,
supplemented with 1 mg.L"' picloram, exhibited the
highest percentages of callus induction (33%) (Fig.1).

The calli induced in the culture media exhibited
embryogenic characteristics, with the exception of
calli induced in the culture medium supplemented
with 2 mg.L' BAP (treatment G). Calli induced in
the culture medium supplemented with 1 mg.L!
picloram exhibited isodiametric cells in division that
formed clusters and contained starch (Fig. 1 A,B, and
C). Association of the growth regulator picloram (1
mg.L") with BAP (2 mg.L") induced the formation of
calli with small isodiametric cells with evident nuclei,
which formed clusters and contained starch, though
in smaller quantity than the calli obtained in the other
treatments with 2 mg.L-' BAP (Fig.1 D, E, and F).

The calli induced in culture media containing
BAP exhibited regions with embryogenic cells,
characterized by small isodiametric cells with nuclei,
as well as regions with large, irregular, and dispersed
cells, non-embryogenic characteristics. The calli of
this treatment had a larger number of cells with non-
embryogenic characteristics compared to the calli
of the other treatments with 1 mg.L"! picloram and
2 mg.L'! BAP (Fig. 2 G, H, and I). The calli cells
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obtained in the Y3 culture medium supplemented
with 1 mg.L"! picloram and 2 mg.L"' 2ip had small
isodiametric cells in division, with evident nuclei
and starch in surrounding cells (Fig. 2 J, K, and L).
In the culture medium supplemented with 14.5 mg.L"!
spermine, the calli had small isodiametric cells with
evident nuclei, forming clusters in the shape of a
whirl, with dispersed surrounding cells (Fig. 2 M, N,
and O).

The calli of the treatment containing 1mg.L"!
picloram were subcultured, and after six months of
culturing, they gave rise to somatic embryos and were
collected for cytochemical analyses.

In somatic embryos at the torpedo stage,
the presence of the three primary meristems
(procambium, fundamental meristem, and protoderm)
were observed in sections stained with toluidine blue.
The histochemical analyses with Lugol’s iodine stain,
evidenced a large amount of starch around of embryo
tissue (Fig. 3).

This study showed the beginning of formation
of these procambium (Pc), fundamental meristem
(Fm) and protoderm (Pt) meristemsin embryos
differentiated on Y3 culture medium with 1 mg.L!
picloram (Fig. 3).

A B c

D E F G

Culture Medium

Figure 1 — Percentage of callus induction in Elaeis guineensis Jacq. root explants. A - Y3 culture medium without addition of growth
regulators, B - Y3 culture medium supplemented with 1mg.L"' picloram, C - Y3 culture medium supplemented with 1 mg.L"!
picloram and 2 mg.L! of 2iP, D-Y3 supplemented with 2 mg.L"! of 2iP, E- Y3 supplemented with 1 mg.L"! of picloram and 2
mg.L"' of BAP, F-Y3 supplemented with 2 mg.L"' of BAP, G-Y3 supplemented with 14.5 mg.L"! of spermine.

Figura 1 — Porcentagem de indugdo de calos em explantes radiculares de Elaeis guineenses Jacq. Meio de cultura A - Y3 sem adi¢do de
reguladores de crescimento (controle), meio de cultura B - Y3 suplementado com 1 mg.L" de picloram, meio de cultura C - Y3
suplementado com 1 mg.L" de picloram e 2 mg. L' de 2iP, D- Y3 suplementado com 2 mg. L' de 2iP, E- Y3 suplementado com
Img.L" de picloram e 2 mg. L' de BAP, F - Y3 suplementado com 2 mg.L"' de BAP, G- Y3 suplementado com 14.5 mg.L"'de

espermina.

Revista Arvore 2019;43(1):e430106

Silf



Histological analysis of indirect somatic embryogenesis...

4. DISCUSSION

The highest percentages of callus formation
were observed in the root explants in medium B with
1 mg.L! picloram (33%). This growth regulator was
also efficient in callus induction in oil palm from
other explants, such as zygotic embryos (Balzon et
al., 2013), inflorescences (Scherwinski-Pereira et al.,
2010) and leaves (Marbun et al., 2015).

The calli formed on root explants of the treatment
containing 1mg.L"' picloram were subcultured,
and after six months of culturing, they gave rise to
somatic embryos. The culture medium containing
the growth regulator picloram associated with 2ip in
zygotic embryos of oil palm favored the proliferation
and maintenance of embryogenic calli (Balzon et al.,
2013). In macauba, Acrocomia aculeata (Jacq.) Lodd.
ex Mart., the induction of embryogenic masses using

Figure 2 — Calli induced in root explants of the oil palm hybrid Manicoré. Calli induced in Y3 culture medium supplemented with 1
mg.L-1 picloram (A), stained with Lugol’s iodine (B), and stained with toluidine blue (C). Calli induced in Y3 culture medium
supplemented with 1 mg.L-1 picloram supplemented with 2 mg.L-1 BAP (D), stained with Lugol’s iodine (E) and toluidine blue
(F). Calli induced in Y3 culture medium supplemented with 2 mg.L-1 BAP (G) stained with Lugol’s iodine (H) and toluidine blue
(I). Calli induced in Y3 culture medium supplemented with 1 mg.L-1 picloram and 2 mg.L-1 2iP (J) stained with Lugol’s iodine
(K) and toluidine blue (L). Calli induced in Y3 culture medium supplemented with 1 mg.L-1 picloram and 100 uM spermine (M)

stained with Lugol’s iodine (N) and toluidine blue (O).

Figura 2 — Caloss induzidos em explantes radiculares de Elaeis guineensis Jacq. hibrido Manicoré. Calos induzidos em meio de cultura
Y3 suplementado com 1 mg.L-1 de picloram (4), corado com Lugol (B) e corado com azul de toluidina (C). Calos induzidos em
meio de cultura Y3 suplementado com 1 mg.L-1 de picloram suplementado com 2 mg.L-1 de BAP (D), corado com Lugol (E) e
azul de toluidina (F). Calos induzidos em meio de cultura Y3 suplementado com BAP (G) com 2 mg.L-1 coradas com Lugol (H)
e azul de toluidina (1). Calos induzidos em meio de cultura Y3 suplementado com 1 mg.L-1 de picloram e 2 mg.L-1 de 2iP (J)
corados com Lugol (K) e azul de toluidina (L). Calos induzidos em meio de cultura Y3 suplementado com 1 mg.L-1 picloram e
100 uM de espermina (M) coradas com Lugol (N) e azul de toluidina (O).
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Figure 3 — Histochemistry of somatic embryos of the Elaeis
guinenesis Jacq hybrid Manicoré induced from root
explants in Y3 culture medium supplemented with 1
mg.L' picloram. A) Longitudinal sections of somatic
embryos stained with toluidine blue show the presence
of tissues of the procambium (Pc), fundamental
meristem (Fm), and protoderm (Pt). B) Protoderm
and fundamental meristem. C) Procambium and
fundamental meristem. D) Cross-section showing the
vascular bundles (vb), fundamental meristem (Fm), and
protoderm (Pt).

Figura 3 — Histoquimica dos embrioes somadticos de Elaeis
guineensesJacq hibrido Manicoré induzidos de explantes
radiculares em meio de cultura Y3 suplementado com 1
mg.L" de picloram. A) se¢ées longitudinais de embrides
somdticos corados com azul de toluidina mostram a
presenga dos tecidos do procambium (Pc), meristema
fundamental (Fm) e protoderme (Pt), B) protoderme e
meristema fundamental, C) procambium e meristema
fundamental, D) Segdo transversal mostrando os
feixes vasculares (vb), meristema fundamental (Fm) e
protodermo (Pt).

picloram associated with BAP or 2iP also induced
the formation of embryogenic masses (Padilha et al.,
2015).

Calli with potential for forming somatic embryos
are generally obtained from explants of young plant
tissues, such as zygotic embryos, however they can
also be obtained from stems, roots and leaves (Fehér
et al., 2016). For Elaies guineensis Jacq, the mature
embryos are the most used for plants regeneration
(Thuzar et al., 2011; Balzon et al., 2013). However
regeneration protocols from embryos cannot be used
when clonal propagation is intended since we cannot
predict the nature of the regenerants (Jayanthi et al.,
2015). In date palm (Phoenix dactylifera cv. Medjool),
embryogenic calli were successfully induced in root
segments with silver nitrate and BAP (Roshanfekrrad
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etal., 2017). However, Guo et al. (2018) studied genes
involved in callus induction from the root explants of
Oryza sativa L. and Arabidopsis thaliana, suggesting
that genes involved in callus induction pathways
differ among species. Therefore, the present study is
to develop an efficient method using in vitro roots as
explants, with the lowest cost and time and the greatest
potential to obtain oil palm Elaies guineensis Jacq in
vitro plantlets and produce embryogenic callus and
somatic embryos.

This study showed that introduction of
spermine polyamine led to calli with embryogenic
characteristics, though at low percentages (16%).
Rajesh et al. (2003) also observed similar percentages
in callus induction in oil palm from embryos with
spermine polyamine (15% of the explants), and this
is an alternative for callus production in oil palm
(Rajesh et al., 2003).

Polyamines, especially putrescine, spermidine,
and spermine, play a role in cell division and
differentiation. Spermidine and spermine are
associated with differentiation and putrescine with
cell division. They also act as intracellular mediators
of hormonal activity and are present in all plant cells
(Steward et al., 1999), and in the literature on the
use of plant protection products (Sequeramutiozabal
et al., 2016). Polyamines participate in the somatic
embryo formation pathway, and inhibit the synthesis
of ethylene, which, in turn, is an inhibitor of
embryogenesis and morphogenesis (Kumar et al.,
2008; Faust and Wang, 2010; Aydin et al., 2016; El
Dawayati, 2018).

The pathways of both polyamines and ethylene
have S-adenosylmethionine (SAM) as a precursor, and
competition for SAM may occur between these biosynthetic
pathways, which explains the addition of polyamines to
the culture medium to increase somatic embryogenesis
(Minocha et al., 1999; El Dawati et al., 2018).

In addition, polyamines have been described as
protecting DNA against damage caused by reactive
oxygen species (ROS), giving stability to nucleic acids
by binding to phosphate groups and, in particular,
forming complexes with DNA. This linkage leads
to stabilization of the nucleic acid structure or to
changes in its conformation, and in control of DNA
methylation (Ha et al., 1998; Hou et al., 2001; Brooks
et al., 2010).
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For oil palm, maintaining genetic stability in
micropropagated plants, by in vitro culture, in high
concentrations of growth regulators, over long
periods, is of great importance due to the characteristic
somaclonal variation of the species, which may occur,
called the mantled flower. Corréa et al. (2016) used
putrescine instead of cytokine for oil palm, and they
observed high production capacity of embryogenic
lines. They also noted shorter culture time, and this is
an alternative to avoid possible variations in the DNA
stability of plants produced in vitro. Embryogenic
characteristics were also observed in oil palm calli
obtained from leaf explants in the presence of the
picloram auxin at different concentrations in the
culture medium (Padua et al., 2013). Embryogenic
characteristics, such as evident nuclei and isodiametric
cells arranged in clusters (Steinmacher et al., 2011)
were observed in peach palm calli, obtained in a
culture medium supplemented with picloram.

In the calli induced in the culture medium
supplemented with 2 mg. L' de BAP, cells with
opposing characteristics (elongated, dispersed and
irregular cells) could be observed in analyses with
toluidine blue stain (Fig. 1G, H, and I). From the
shape of the cells, generally dispersed elongated cells,
with large vacuoles are in an apoptosis process, that
is, programmed cell death (Steiner et al., 2005).

The small rounded cells, arranged in clusters and
with a nucleus strongly stained by toluidine blue, have
embryogenic potential, confirmed in various studies
from the differentiation of these cells, followed by
formation of embryos and later germination into
plants (Aslam et al., 2011; Angelo et al., 2013).

The presence of cells arising from the periphery
of globular structures, observed in Figure 1, was also
viewed in somatic embryos of macatba (Acrocomia
aculeata (Jacq.) Lodd.ex Mart.) (Moura, 2008). These
cells were described as a layer of stratified covering
that surrounded the nodular structure of embryogenic
calli of Eucalyptus globulus Labill (Corredoira et
al., 2015). In this study, the introduction of spermine
polyamine was favorable to induction of calli with
embryogenic characteristics. Putrescine was used
successfully on the calli introduction and somatic
embryo induction and germination in oil palm explants
(Rajesh et al., 2003). Starch was observed in the
cells in all the treatments that induced calli. Storage
of starch in the embryo and in embryogenic cells or
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in adjacent cells is a phenomenon that commonly
indicates the acquisition of embryogenic competence
(Moura, 2008), with starch grains being produced prior
to the formation of somatic embryos to initiate and
sustain their development. Histochemical analysis of
the process of somatic embryogenesis in peach palm
showed that starch accumulation generally precedes
the development of somatic embryos (Steinmacher et
al., 2011).

The study of somatic embryogenesis through
histological observations has proved to be
increasingly useful, encompassing the use of various
techniques that allow the events that occur when plant
species are cultivated in vitro to be detailed. In this
way, for example, it is possible to know and monitor
the cell and tissue development of plant material
during the different stages of the process of somatic
embryogenesis. Moreover, histological analyses make
it possible to elucidate aspects related to the somatic-
embryogenic cell transition, which are rather unclear,
especially in palm trees (Meira et al., 2019).

Calliinduced in the culture medium supplemented
with 1 mg.L! picloram exhibited isodiametric
cells in division that formed clusters and were
subcultured giving rise to somatic embryos, that at
the torpedo stage presented three primary meristems
(procambium, fundamental meristem, and protoderm).
The protoderm, characterized by a layer of juxtaposed
cells and prominent nucleus, is precursor meristem
of the epidermis. The presence of protoderm is an
indicator of somatic embryo formation (Aslam et al.,
2011). The protoderm and procambium tissue were
also observed during formation of somatic embryos in
oil palm (Angelo et al., 2013).

The formation of protoderm, fundamental
meristem, and procambium occurs during the initial
phases of development of the somatic embryos,
however, can vary in sequence and time, according
to culture conditions. For example, in macauba, the
protoderm formation was observed in somatic embryos
at the beginning of the globular stage (Moura, 2008)
and in this work we observed the protoderm formation
at the torpedo stage.

The cells of the fundamental meristem are larger
and polyhedral and are followed by cells that have an
elongated shape, in the central region of the embryo,
characterizing as procabial cells, the precursor
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meristem of vascular tissues. The macaw palm
(Acrocomia aculeata) somatic embryos also showed
meristematic cells of different formats and sizes and
no vascular connection with the callus of origin,
which ratifies the somatic embryogenesis pathway
(Meira et al., 2019).

Therefore, this work describes the development of
somatic embryos of Elaeis guineensis Jacq from roots
explant and the polyamine spermine effect on somatic
embryo indiction, which has been little studied up to
now in palm trees. Moreover, anatomical markers of
embryogenic calli were described in this work, such
as development of meristematic tissue during the
somatic embryo formation. Such efficient method,
using in vitro roots explants, allows the lowest cost
and time to increase the potential to obtain oleic palm
Elaeis guineensis Jacq in vitro plantlets by somatic
embryos.

5. CONCLUSION

Normal somatic embryos of Elaeis guineensis
Jacq were regenerated from roots explant calli in
medium supplemented with 1 mg.L! picloram
and histological analysis evidenced the primary
meristematic tissues development during the somatic
embryos formation.
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