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Abstract: A somatic embryogenesis protocol was developed from the immature leaves 
of adult plants of the macaw palm. Leaf explants from different regions of the palm 
heart were used for callus initiation in a modified Y3 medium, supplemented with 2,4-D 
or Picloram at 450 μM. Calli were separated from the leaf explants at 6-, 9- and 12-month 
periods and transferred to a fresh culture medium of the same composition. They were 
multiplied for up to 120 days. Reduced concentrations of 2,4-D and Picloram were used 
to differentiate somatic embryos. They were then germinated in a medium without plant 
growth regulators. Morphological and anatomical analyses were conducted at different 
stages of the embryogenic process. The best results for callus induction were achieved 
by Picloram, when explants were maintained for up to 9 months on culture medium 
(64.9%). The farthest portions of the apical meristem were those that provided the biggest 
calli formation. The formation of the somatic embryos was observed from the calli 
multiplication phase. Reduction in concentrations of growth regulators failed to promote 
the formation of complete plants. Picloram at 450 μM promotes high callogenesis in leaf 
tissues of macaw palm, with a potential for somatic embryo formation.
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INTRODUCTION

The macaw palm [Acrocomia aculeata (Jacq.) 
Lodd. ex Mart.], a species of the Arecaceae family, 
is widely distributed in the states of São Paulo 
and Rio de Janeiro, throughout Minas Gerais 
and the Mid-West, Northeast and North regions 
of Brazil (Wandeck & Justo 1988, Henderson et 
al. 1995). Macaw palm has one of the highest 
productivity rates in vegetable oil among oil 
plants, with a potential yield of 1,500 to 6,200 kg 
oil ha-1 (Wandeck & Justo 1988, Dias 2011).  

Since asexual conventional propagation 
of macaw palm is practically unfeasible, in 
vitro regeneration offers a useful tool for mass 
propagation in the palm species analyzed 

(Moura et al. 2009, Nguyen et al. 2015, Luis & 
Scherwinski-Pereira 2014). Among the in vitro 
culture techniques, somatic embryogenesis may 
ensure the propagation of specimens in large 
scale and in a homogeneous way, either for the 
production of elite plantlets or for accelerating 
genetic improvement programs (Moura et al. 
2009, Soh et al. 2011, Luis & Scherwinski-Pereira 
2014). By this technique and under favorable 
experimental conditions, differentiated or 
undifferentiated somatic cells are determined 
by following specific morphogenic routes that 
culminate in the development of somatic 
embryos at the end of the process, without 
gamete fusion (Williams & Maheswaran 1986, 
Emons 1994). 
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Studies on somatic embryogenesis of the 
macaw palm are scanty, although the technique 
using zygotic embryos as an explant source has 
already been described (Teixeira et al. 1986, 
Moura et al. 2009, Luis & Scherwinski-Pereira 
2014, Granja et al. 2018).  Indeed, studies on 
the somatic embryogenesis in macaw palm 
seem to be still in the infance phase, when 
results are taken into account. This is especially 
true when dealing with the use of propagules 
originating from somatic tissues, such as leaves 
and inflorescences, as starting material for 
cultivation. Such explants have the additional 
advantages of allowing the cloning of the 
original genotype and providing a significant 
amount of material by collection. 

In general, the development of protocols 
for palm trees by somatic embryogenesis, 
including Acrocomia aculeata, involves the 
addition of growth regulators, especially 
2,4-dichlorophenoxyacetic acid (2,4-D) and 
4-amino-3,5,6-tri chloropicolinic acid (Picloram) 
(Moura et al. 2009, Luis & Scherwinski-Pereira 
2014, Granja et al. 2018), usually employed at 
high concentrations in the induction phase. 
In fact, growth regulators play a central role in 
mediating signal transduction cascades leading 
to gene reprogramming (Dudits et al. 1991) and 
subsequent somatic embryogenesis.

Due to the scarcity of reports on somatic 
embryogenesis using somatic tissues of adult 
plants as explants for in vitro culture, current 
study aims at inducing somatic embryogenesis 
in the macaw palm from the leaf tissues of adult 
plants. To date, no report exists on the somatic 
embryogenesis of A. aculeata employing adult 
plants’ somatic tissues.

MATERIALS AND METHODS
Selection of explant 
Immature and unexpanded leaves (palm heart) 
of Acrocomia aculeata, derived from adult plants 
grown near the municipality of Sobradinho 
DF Brazil, were used as explant source. Plant 
material was sent to the laboratory where the 
outermost leaves were removed and the size of 
the palm heart reduced to approximately 30 cm 
in length (measured from the meristem base to 
the leaf apex of the central cylinder). The palm 
heart, consisting exclusively of achlorophyllous 
leaves, was disinfested with 70% (v/v) alcohol 
in a laminar flow for three minutes, followed 
by sodium hypochlorite (1.5% active chlorine) 
for 20 minutes. The explants were then rinsed 
thrice with distilled and autoclaved water. After 
disinfestation, the leaves were excised into 1.0 
cm2, with three leaf blades per explant. 

The experiments were divided into four 
phases: callus induction, callus multiplication, 
somatic embryo differentiation and plant 
regeneration. Table I shows components of the 
culture media used in each different stage. 

Callus induction and multiplication 
The induction medium consisted of modified 
Y3 (Eeuwens 1976) . Fe-EDTA and vitamin 
source were maintained according to original 
MS concentration (Murashige & Skoog 1962), 
supplemented with 30 g/L sucrose (Dinâmica, 
Indaiatuba, Brazil), 0.5 g/L glutamine (Sigma, St. 
Louis MO, USA), 2.5 g/L activated charcoal (Sigma, 
St. Louis, MO, USA), 2.5 g/L Phytagel (Sigma, St. 
Louis, MO, USA), and either 450 µM 4-amino-
3,5,6-trichloropicolinic acid - Picloram (Sigma, 
St. Louis, MO, USA) or 2,4-dichlorophenoxyacetic 
acid - 2,4-D (Sigma) (Table I). At this stage, two 
experiments were performed:

Effect of auxins and 2-isopentenyladenine 
- 2iP on callus induction: Callus induction was 
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performed by evaluating auxins associated with 
2iP. Leaf explants were inoculated in a basic 
medium consisting of salts of Y3 culture medium 
and vitamins of MS medium, supplemented with 
2.5 g/L activated charcoal and 2.5 g/L Phytagel. 
Auxins 2,4-D and Picloram were added to the 
medium at a concentration of 450 µM, with or 
without 2ip (20 µM) (Table I). Effect of the palm 
heart regions on callus induction: Three regions 
of the palm heart, namely, proximal (close to 
the meristem), median (intermediate area) and 
distal (close to the leaf apex), about 10 cm each 
long, were used as explants (Fig 1a, b).  In current 
experiment, the basic culture medium comprised 

salts of Y3 culture medium and vitamins of MS 
medium, supplemented with 2.5 g/L activated 
charcoal, 2.5 g/L Phytagel and 450 µM Picloram 
(according to previous results) (Table I). 

Culture media were dispensed into 15 x 90 
mm Petri dishes and cultures were sealed with 
transparent plastic film. During callus induction, 
the explants were incubated in the dark, at 
25±2°C, and sub-cultured after every eight weeks 
on fresh media with the same composition. 
Explants were maintained in the induction 
medium until primary callus was obtained. In all 
culture media, pH was adjusted at 5.8±0.1 prior 

Table I.  Composition of culture media used in somatic embryogenesis studies from leaf explants of the macaw 
palm (Acrocomia aculeata).

Components
Callus induction 

(6, 9 and 12 
months)

Callus 
multiplication

(4 months)

Somatic embryo 
differentiation 

(1 month)

Plant regeneration 
(>1 month)

Basal medium 
(Inorganic salts)

Y3 Y3 Y3 Y3

Vitamins and Fe-EDTA MS MS MS MS

Glutamine (mg/L) 500 500 500 500

Picloram (µM) 450 450 0, 10, 20, 40, 80 and 
120 -

2,4 – D (µM) 450 - 0, 5, 10, 20, 40 and 
80 -

2iP (µM) 0 and 20 - - -

Sucrose (%) 3.0 3.0 3.0 3.0

Phytagel (g/L) 2.5 2.5 2.5 2.5

Activated charcoal (g/L) 2.5 2.5 2.5 2.5

MS Murashige and Skoog medium (1962), Y3 Eeuwens (1976), Picloram 4-amino-3,5,6-trichloropicolinicacid, 2iP 
2-isopentenyladenine, 2,4-D 2,4-dichlorophenoxyacetic acid. 
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to sterilization, by autoclaving at 120°C, under 1 
atm pressure, for 20 minutes. 

During the callus induction phase, calli 
were separated from the source explants and 
immediately transferred to a new culture 
medium of the same composition as the 
induction one, called multiplication medium 
(Table I). Leaf explants that originated the 
primary calli remained in the induction medium 
after each calli collection. Three calli collections 
were carried out at 6, 9 and 12 months. At each 
period, the calogenic formations were evaluated, 
individualized and inoculated in multiplication 
medium. Isolated calli were evaluated for 
multiplication (grams) and final increase rates 
in fresh mass, obtained by weight averages 
retrieved every 30 days during four successive 
subcultures. 

Differentiation of somatic embryos
Two experiments were carried out to differentiate 
somatic embryos. Experiment 1 tested different 
concentrations of Picloram (0, 10, 20, 40, 80 

and 120 µM), whilst different concentrations of 
2,4-D - (0, 5, 10, 20, 40 and 80 µM) were used 
in Experiment 2. In the two experiments, Y3 
culture medium, supplemented with Fe-EDTA 
and vitamins of MS medium, had the addition 
of 0.5 g/L glutamine, 2.5 g/L activated charcoal 
and 2.5 g/L Phytagel. During this phase, the 
calli were evaluated every 30 days to verify the 
differentiation of somatic embryos.

Regeneration of somatic embryos
For plant regeneration, the somatic embryos 
were transferred to Y3 culture medium 
supplemented with Fe-EDTA and vitamins of MS, 
without growth regulators and supplemented 
with 0.5 g/L glutamine, 2.5 g/L Phytagel and 2.5 
g/L activated charcoal (Table I). The somatic 
embryos were incubated in a culture room at 
25±2°C, in the presence of light, with an intensity 
of 100 µmol.m-2.s-1, until they showed enough 
growth to be individualized.

Figure 1. Morphological 
aspects of the palm 
heart when explants 
are excised for somatic 
embryogenesis 
induction in macaw 
palm (Acrocomia 
aculeata) (a-b); 
Leaf explants on 
culture medium (c). 
Abbreviations: ph: 
palm heart; lp: leaf 
petiole: sp: immature 
aculeus. Bars: a: 30 cm; 
b: 1 cm.
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Morphological characterization and 
anatomical analysis 
The morpholog ical  and h is to log ical 
characteristics of calli and explants’ oxidation 
rate were evaluated in all experiments. The 
morphological analysis was performed visually 
and calli´s characteristics, observed during 
induction and multiplication stages of the 
different experiments, were described and 
photographed. In the case of histological 
analysis, samples of the material were retrieved 
in vitro at different stages of development. 
Samples of in vitro plant material consisted of 
immature leaves and leaves with callus. Samples 
of the different callus types obtained during the 
multiplication phase were also collected for 
characterization, coupled to somatic embryos 
for differentiation and development (Meira et 
al. 2019).

Fixation, dehydration and embedding 
stages of collected plant materials were carried 
out, following Luis & Scherwinski-Pereira (2014). 
Subsequently, longitudinal and transversal cuts 
(7 μm), obtained by manual rotary microtome 
(Leica®, RM212RT), were stretched and adhered 
to microscopic slides on a plate heated to 40°C. 
Sections were stained with toluidine blue (0.5%) 
(O’Brien et al. 1964). Results were recorded 
under a microscope locked to a computer with 
image capture software (LAS EZ 2.0).

Statistical analysis
All experiments were conducted in a completely 
randomized design (CRD).  In the case of the 
experiment with auxins, associated or non-
associated with 2iP, a factorial scheme 2 x 2 
(auxins x presence or absent of cytokinins), 
totaling 4 treatments comprising ten replicates 
with eight explants per plot, was employed. In 
the experiment with different regions of the 
palm heart, associated with different harvest 
collection times, a factorial scheme 3 x 3 (regions 

of the palm heart x callus collection time), 
totaling 9 treatments comprising ten replicates 
with eight explants per plot, was employed. 
Experiment involving multiplication and 
differentiation of somatic embryos comprised 
three replicates with five calli per treatment. 
Data were submitted to variance analysis 
(ANOVA) and averages compared by Tukey’s test, 
at 5% probability, calculated by Sisvar software 
(Ferreira 2011). 

RESULTS AND DISCUSSION
Effect of auxins and 2iP on callus initiation
Different responses in callus formation were 
detected with regard to the effect of auxins 
associated or non-associated with 2iP, at different 
evaluation times (Table II). Picloram provided 
higher callus formation when compared to 2,4-
D, at all collection times. The highest production 
rate (64.9%) of callus occurred with Picloram 
after a 9-month induction. Further, results in 
Table II showed that the addition of 2iP did 
not improve calli induction. It rather caused 
a decrease in the variable when associated 
with Picloram after an induction of 9 months. 
Nevertheless, several authors reported the use 
of 2iP in the callus induction phase in Phoenix 
dactylifera (Veramendi & Navarro 1996, Badawy 
et al. 2005, Eshraghi et al. 2005). Veramendi & 
Navarro (1996), using leaves of adult plants of 
P. dactylifera, reported positive effects of the 
association of 15 μM of 2iP with 453 μM of 2,4-
D on calli induction. Contrastingly to current 
study, Badawy et al. (2005) reported that shoot 
apices had higher callus formation in the 
induction phase when the effect of 100 mg L-1 
of 2,4-D associated with 15 µM of 2iP was tested. 
According to Abohatem et al. (2011), the use of 
cytokinins, such as 6-benzylaminopurine (BAP), 
during the callus induction phase in palm trees 
may increase the accumulation of phenolic 
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compounds and negatively affect callus 
induction. Consequently, the development of 
somatic embryos is impaired.

Effect of the palm heart region explants on 
callus induction 
Significant results concerning callus formation 
were observed with regard to the different 
regions of the palm heart used as explant source, 
associated with different collection times (Table 
III). The maintenance of explants for 9 months 
in induction medium enhanced a higher average 
rate of callus formation (58.8%), regardless of 
palm heart region. In general, the farthest regions 
from the meristem (distal and median) were the 
most responsive in callus production considering 
the three periods of callus collection. Gueye 
et al. (2009a) observed that the region which 
was most distal to the meristem in the leaves 
of young date palm plants provided a better 
response to callus formation when compared 
to that at the more basal region. As noted by 
Gueye et al. (2009a), above results are a contrast 
to the general hypothesis that, in somatic 
embryogenesis studies on adult plants, explants 
from less differentiated or younger tissues are 
the most responsive to dedifferentiate and 
acquire embryogenic competence. As reported 
by Stasolla & Yeung (2003), different types of 
tissues in the same plant or the same tissue 

at various stages of development may present 
different responses under in vitro conditions. 
In addition, the level of endogenous auxin 
and the orientation of explants (Almeida et al. 
2012), especially the type and characteristic of 
tissue vascularization, are factors that probably 
influence in vitro responses (Gomes et al. 2017). 

Callus multiplication
Table IV shows callus multiplication from 
different portions of leaves at several periods. 
Calli maintenance from the induction phase in 
multiplication medium provided continuous 
and significant increases in the calli fresh mass 
after 120 days of cultivation. The multiplication 
phase provided an increment of 6.22, 5.81, and 
5.27 times in the initial mass of calli originating 
from the basal region and collected at 6, 9 and 
12 months of induction, respectively.

For multiplication, the calli obtained during 
the induction phase were maintained in the 
medium with the same composition as that used 
during the induction phase. Konan et al. (2010) 
used the same procedure with calli of Elaeis 
guineensis and did not report any decline in 
mass calli proliferation. The above is a contrast to 
conclusions by Balzon et al. (2013) who observed 
that reduction in auxin concentration was 
important to establish repetitive cycles of cell 
division and inhibit differentiation processes, 

Table II. Effect of Picloram and 2,4-D, associated (+) or not (-) with 2iP, on callus induction in young leaves obtained 
from the collected palm heart of macaw palm (Acrocomia aculeata) at different inoculation times.

Plant growth 
regulators 

(PGRs)
Callus induction (%)

6 months 9 months 12 months
(-)2iP (+)2iP (-)2iP (+)2iP (-)2iP (+)2iP

2,4-D 9.5 bA 6.1 bA 25.9 bA 11.9 bA 4.6 bA 3.4 bA
Picloram 35.7 aA 30.1 aA 64.9 aA 34.2 aB 30.0 aA 32.6 aA

Upper case letters represent significant differences between presence or absence of 2iP at each period of calli induction, and 
lower case letters represent differences between PGRs at each condition of 2iP, according to Tukey’s test (p ≤ 0.05).
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allowing calli of E. guineensis to multiply. 
According to Guerra & Handro (1998), successive 
subcultures in culture media with high auxin 
concentrations during the multiplication phase 
may inhibit the development of embryos during 
subsequent phases. 

The influence of collection times and 
different regions of palm heart on callus 
multiplication in palm trees is still not fully 
documented. However, with regard to the 
influence of the region of the palm heart on 
the multiplication of primary calli, Luis (2013) 
insisted that there was no difference between 
regions when auxin concentrations were 
reduced at this stage. 

Differentiation and in vitro germination of 
somatic embryos
Differently to what was expected, the 
differentiation of somatic embryos was observed 
during the callus multiplication stage. However, 
the rate of somatic embryos formation could 
not be evaluated due to the asynchrony process. 
For germination, the somatic embryos obtained 
were inoculated in culture medium devoid of 
growth regulators (Table I). In fact, differentiation 
of somatic embryos in palm trees is usually 
reported in the literature as an asynchronous 
appearance, as has been observed in the açaí 

palm (Scherwinski-Pereira et al. 2012), peach 
palm (Steinmacher et al. 2007), oil palm (Silva et 
al. 2012) and macaw palm (Luis & Scherwinski-
Pereira 2014). On the other hand, Padilha et al. 
(2015) observed that moving primary calli of A. 
aculeata from the induction medium directly 
to a culture medium, devoid of regulators and 
activated charcoal, caused the oxidation and 
death of the calli. Moreover, the early removal of 
auxin from the medium inhibited the formation 
of somatic embryos. Current experiment 
revealed that reduced concentrations of auxins 
failed to promote the formation of somatic 
embryos from the calli obtained. In current 
study, somatic embryos were missing during the 
differentiation experiments of the calli in liquid 
medium (data not shown) and the calli remained 
in the multiplication stage. Contrastingly, 
Steinmacher et al. (2011) observed that calli of 
Bactris gasipaes exhibited high embryogenic 
capacity and high frequency of somatic embryos 
in liquid medium. However, improvements 
in the maturation stages of somatic embryos 
and germination in a semi-solid medium were 
reported.

Further, non-germinating somatic embryos 
collapsed and grew abnormally. However, 
germinating somatic embryos went into 
senescence and died after a few weeks of 

Table III. Effect of different leaf positions on percent callus induction in macaw palm (Acrocomia aculeata) at 
different callus induction periods (using the same leaf explant), associated with Picloram.  

Leaf position in the palm 
heart Calli induction (%)

6 months 9 months 12 months

Distal 62.3 aA 76.0 aA 20.6 bB

Median 27.5 bB 69.7 aA 56.0 aAB

Proximal 7.9 bA 30.8 bA 3.9 bA

Upper case letters represent significant differences among periods of calli induction, and lower case letters represent 
differences among leaf positions in the palm heart at each period of calli induction, according to Tukey’s test (p ≤ 0.05).
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germination. Senescence in micropropagated 
plants may be associated with several causes. 
It is more common when they are exposed for 
prolonged periods to growth regulators, which 
affect endogenous levels of auxin, cytokinin 
and, primarily, ethylene (Jones 2001). Results 
corroborate those by Moura et al. (2009) who, 
although observing the germination of somatic 
embryos of macaw palm from zygotic embryos, 
failed to obtain the formation of complete 
plants, since there was no differentiation of 
the aerial part. Results were similar to those in 
current study, since there was no success in the 
regeneration of plants.  Current study provides 
important information on in vitro multiplication 
via somatic embryogenesis starting from 
macaw palm leaves. However, further tests are 
necessary during differentiation, maturation 
and germination stages of somatic embryos to 
obtain complete macaw palm plants in vitro.

Morphological characterization
During the callus induction phase, the explants’ 
first response occurred during the first three 
days of culture, whereby the swelling of the 
inoculated leaves, characterized as an increase 
in the volume of the explant, was registered (Fig. 
1c, 2a). Three months after inoculation, the first 
callus formation at the edges of the explants 
was detected in the treatment with Picloram 
alone (Fig. 2b). The oxidation of leaf material 
started during this period.

These responses on callus formation 
are associated with in vitro culture, with high 
concentrations of synthetic auxins. No explant 
responses were extant in the absence of 
synthetic auxins. Similar results were obtained in 
researches with high concentrations of synthetic 
auxins (Othmani et al. 2009). Picloram is notable 
among these auxins, with  responses detected in 
other palm trees, such as the date palm (Gueye 
et al. 2009b), the oil palm (Scherwinski-Pereira 
et al. 2010, Silva et al. 2012, Padua et al. 2013) and 

Table IV. Effect of different leaf positions in the palm heart, periods of callus induction (using the same leaf 
explant), and multiplication time on the increase of fresh mass of calli in macaw palm (Acrocomia aculeata).

Leaf 
position in 
the palm 

heart

Callus 
harvest 

(months)

Callus multiplication
(days of culture) Fresh mass 

increase
(x)Initial 

weight
(gr)

30 60 90 120

Distal

6 2.04±0.7 4.30±0.5 5.89±1.9 7.84±1.3 8.23±0.1 4.04

9 3.53±0.1 4.80±0.7 7.65±1.4 9.62±0.9 11.96±0.5 3.38

12 1.85±0.4 2.76±0.8 4.65±0.6 5.55±0.4 5.52±0.4 2.98

Median

6 0.60±0.01 1.36±0.3 1.96±0.5 2.04±0.4 2.09±0.2 3.48

9 5.25±1.2 8.11±3.2 10.25±3.6 15.94±5.3 23.23±6.7 4.42

12 4.47±2.2 6.87±5.1 11.85±6.5 14.94±8.8 16.10±9.6 3.60

Proximal

6 0.36±0.09 0.93±0.2 1.56±0.3 1.93±0.2 2.23±0.1 6.22

9 0.40±0.005 0.62±0.03 1.27±0.1 1.73±0.2 2.33±0.3 5.81

12 0.22±0.08 0.44±0.1 0.71±0.1 1.0±0.1 1.19±0.1 5.27
Each value represents the mean of three replicates ± standard error.
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Figure 2. Morphological aspect of somatic embryogenesis in macaw palm (Acrocomia aculeata) from leaf tissues. 
a: Explant. b: Explant after 3 months of cultivation, with inception of callus formation. c: Explant at 4 months, with 
development of primary calli at the edges. d: Explants at 6 months with elongated yellowish calli. e: Elongated 
yellowish callus at 9 months of cultivation, showing calli formation with white and yellow nodular appearance. 
f: Elongated yellowish callus at 9 months of cultivation, showing calli with a yellow nodular appearance. g: Petri 
dish at 9 months of in vitro culture, showing amount of calli formed after multiplication stage. h: Somatic embryos 
observed after 12 months of in vitro culture. i: Germination of somatic embryos with leaf primordia. Legend: pc: 
primary callus, ex: explant, eyc: elongated yellowish callus; WN: whitish nodular callus; YW: yellowish nodular 
callus; se: somatic embryos; lp: leaf primordia; pl: young plantlets. Bars: 5 mm.

the açaí palm (Scherwinski-Pereira et al. 2012), 
besides macaw palm (Padilha et al. 2015, Luis & 
Scherwinski-Pereira 2014).

Calogenic masses were developed between 
four and six months of induction (Fig. 2c, d). 
They exhibited morphological characteristics, 

predominantly elongated and yellowish, 
mainly appearing at the edges of the sectioned 
explants in a medium containing Picloram 
(Table V). The callus observed in the medium 
supplemented with 2,4-D had a mucilaginous 
consistency and no definite shape. After 9 
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months of callus proliferation, the emergence of 
a callus with nodular appearance and coloration 
ranging between yellow and a whitish hue was 
detected, especially in explants under the effect 
of Picloram (Fig. 2e, f ). During this period, an 
intensification of calli multiplication was also 
reported (Fig. 2g).

During the multiplication phase, proembryos 
emerged from white or yellowish nodular 
calli. After 12 months in culture medium, the 
proembryos progressed to somatic embryos in 
the globular stage (Fig. 2h, i).

There was a significant increase in the 
explant oxidation from the sixth month in 
callus-induction medium, especially those 
under the effect of 2,4-D. Longer periods of 
cultivation (9 and 12 months) under this auxin 
provided a higher oxidation rate, causing the 
partial necrosis of the materials. Thus, oxidation 
seems to be a limiting factor for the calli 
proliferation for long periods. After transfer to 
in vitro culture, plant tissue in some species 
may be oxidized due to the release of phenolic 
compounds. Accumulation of polyphenols and 
oxidation products around the excised surface 
usually modifies the composition of the culture 
medium and, consequently, absorption. In fact, 
toxic substances normally inhibit the growth of 
explants, not infrequently causing their death 
(Van Winkle et al. 2003).

When certain species are cultured in vitro 
with high auxin concentrations, they may exhibit 
the oxidation of explants, a commonly observed 
fact in palms (Moura et al. 2009, Scherwinski-
Pereira et al. 2010). The issue may be solved 
when activated charcoal is added to the medium, 
which adsorbs the inhibiting substances 
released by the tissues (Van Winkle et al. 2003). 
In current assay, the combination of activated 
charcoal and Picloram maintained tolerable 
levels of oxidation, unlike that observed for 2,4-
D. Further, Padua et al. (2013), working on young 

leaves of oil palm associated with Picloram, 
detected four types of calli which were classified 
according to color and shape: translucent-
elongated, translucent-aqueous, beige-globular 
and white-globular. According to the anatomical 
and ultrastructural characteristics, the beige-
globular and white-globular calli had a greater 
embryogenic potential. Moreover, Sané et al. 
(2012) reported, in date palm leaf explants, 
highly callogenic activity, characterized by the 
proliferation of compact globular-type calli, 
using 2,4-D in two of the four cultivars tested.

The aptitude for primary callogenesis 
appears to be strongly dependent on the type 
of explant, genotype and growth regulators 
used (Sané et al. 2012). Other authors working 
with palm species found similar results on its 
morphology when they employed Picloram as a 
regulator for callus induction in in vitro culture, 
such as in Areca catechu (Karun et al. 2004), 
peach palm (Steinmacher et al. 2011), oil palm 
(Scherwinski-Pereira et al. 2010, Silva et al. 2012) 
and açaí palm (Scherwinski-Pereira et al. 2012).

Histological analysis
The histological analysis of leaf explants after 60 
days revealed the inception of callus formation 
from the vascular bundle (Meira et al. 2019). This 
was evidenced by cells with typical meristematic 
characteristics (smaller diameter, isodiametric 
form, cells with large nuclei and dense cytoplasm) 
in process of cell division (Fig. 3a). After 90 days 
of culture, continuity of callus formation was 
perceived in the vascular bundle and observed 
at an advanced stage of development. At this 
stage, cell proliferation inside the callus was 
reported, resulting in the removal of epidermal 
surfaces, whereby the calli were exposed on the 
leaf surface (Fig. 3b). Repeated mitotic divisions, 
at different directions, formed isolated cell 
clusters that subsequently gave rise to inception 
of primary calli. Rose et al. (2006) suggested that 
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Table V. Effect of different leaf positions in the palm heart, periods of callus induction or non-associated with 2iP, 
and the leaf position in the palm heart on callus responses and morphology and degree of oxidation in macaw 
palm (Acrocomia aculeata).

Callus harvest Auxin
Leaf position 
in the palm 

heart

Cytokinin Degree of callus 
oxidationa

2iP(-) 2iP(+) 2iP(-) 2iP(+)

6 months

Picloram

1 Yellowish 
elongated

Yellowish elongated, 
Yellowish nodular + +

2 Yellowish 
elongated, Yellowish elongated + +

3 Yellowish 
elongated, Yellowish elongated + + + +

2,4-D

1 No callus formed No callus formed + + +

2 Whitish 
mucilaginous No callus formed + +

3 Whitish 
mucilaginous

Whitish 
mucilaginous + + + +

9 months

Picloram

1
Yellowish 
elongated, 

Yellowish nodular
Yellowish elongated, 

Yellowish nodular + + +

2 Yellowish nodular Yellowish elongated, 
Yellowish nodular + + +

3
Yellowish 
elongated, 

Yellowish nodular
Yellowish elongated, 

Yellowish nodular + + + +

2,4-D

1 No callus formed No callus formed + + + + +

2 Whitish nodular Whitish nodular + + + + + +

3 No callus formed Whitish nodular + + + +

12 months

Picloram

1
Yellowish 
elongated, 

Yellowish nodular, 
Whitish nodular

Yellowish elongated, 
Yellowish nodular, 
Whitish nodular

+ + + +

2
Yellowish 
elongated, 

Yellowish nodular

Yellowish elongated, 
Yellowish nodular, 
Whitish nodular

+ + + +

3 Yellowish nodular, 
Whitish nodular

yellowish nodular, 
Whitish nodular + + + +

2,4-D

1 No callus formed Whitish nodular + + + + +

2 No callus formed No callus formed + + + + + +

3 No callus formed No callus formed + + + +
aDegree of callus formation: + low; + + moderate; + + + high. Leaf position: 1- Proximal; 2- Median; 3- Distal.
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Figure 3. Histological events of macaw palm (Acrocomia aculeata) during somatic embryogenesis. a: Leaf after 60 
days, showing inception of primary callus in the vascular bundle region. b: Callus formed in the vascular bundle 
region after 90 days of cultivation, showing epidermal face separation. c: Anatomical cut of the yellow elongated 
callus showing formation of white and yellow nodular calli on its surface. d: Proembryos delimited by thickening 
of the cell wall. e: Cluster of somatic embryos delimited by the protoderm, with elongated cells in the central 
region (arrow). f: Detail of the protoderm in the peripheral region of the embryo. g: Detail of the procambium in 
the central region of the embryo. Abbreviations: (ab) abaxial epidermis; (ad) adaxial epidermis; (st) stomata; (p) 
phloem; (x) xylem; (mp) mesophyll; (pc) primary callus; yn: yellowish nodular callus; wn: whitish nodular callus; 
(ec) elongated callus; (vc) vacuolated cells; (se) somatic embryo; (pd) protoderm; (pc) procambium. Bars: a-c: 0.1 
mm; d-f: 0.05 mm; g: 0.2 mm.

the procambium cells, that would normally be 
differentiated in vascular tissues constituting 
the rib of the leaf after being stimulated by the 
auxin in the culture medium, dedifferentiated 

and reprogramed themselves, enhancing cell 
proliferation and callus formation.

After being transferred to a new medium for 
maintenance and proliferation, the elongated 
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calli obtained in the induction phase started 
to multiply. New calli strains were formed from 
the elongated calli in the first phase, exhibiting 
a yellow and whitish nodular appearance. 
The strain of yellow nodular calli exhibited 
anatomical characteristics similar to the 
whitish nodules, consisting predominantly of 
meristematic cells (Fig. 3c). Classifying oil palm 
callus strains, Padua et al. (2013) suggested 
that beige-globular and white-globular calli 
revealed a higher embryogenic potential based 
on the anatomical aspects studied. Similarly, 
Luis & Scherwinski-Pereira (2014), working with 
zygotic embryos, observed that the calli of 
nodular strains in macaw palm showed greater 
embryogenic potential. Differentiation of 
somatic embryos from these calli was recorded. 

Further, the formation of proembryos was 
registered during the callus proliferation phase 
(Fig. 3d). As underscored by Silva et al. (2013) and 
Balzon et al. (2013), the formation of proembryos 
could be detected from the development of 
the mass of embryogenic calli, characterized 
by the isolation of a group of cells through the 
apparent thickening of the wall. Verdeil et al. 
(2001) and Sané (2006) studied the acquisition 
of competence of embryogenic calli respectively 
in Cocos nucifera and in P. dactylifera, and 
mentioned the isolation of proembryos due to 
the thickening of the cell wall, characterized by 
closure of callose deposition in plasmodesmata. 
The above suggested that these events 
led towards the isolation required for cell 
reprogramming and inception of embryogenic 
events.

Somatic  embryos ,  formed in the 
proliferation medium, were seen in a globular 
stage with whitish coloration. They consisted 
of meristem cells of different shapes and sizes. 
The outermost layer of cells of the embryos is 
the protoderm, or rather, the first tissue that 
may be identified histologically in the process 

of embryogenesis (West & Harada 1993), as 
well as a prerequisite for the development of 
later embryogenic stages (De Jong et al. 1992). 
Several cells in the central region of the embryo 
exhibit an elongated shape, with the larger axis 
parallel to the larger axis of the somatic embryo, 
characterizing procambium cells (Fig. 3e-g). 

CONCLUSION

The current study describes, for the first time, the 
different phases of the somatic embryogenesis 
in macaw palm from leaf tissues of adult 
plants. The protocol confirms the importance 
of auxins at high concentrations, particularly 
at 450 μM using Picloram, in callus induction 
and, later, formation of somatic embryos. It is 
also worth noting the greater responsiveness of 
the explants from heart regions farthest from 
the plant meristem, which reduces the chances 
of irreversible damage to the donor plant. 
Calli multiplication, conventionally called “calli 
harvest” or “calli collection”, is efficient for the 
production of a satisfactory volume of calli. It is 
easy to perform and it allows the formation of 
somatic embryos. Finally, somatic embryos could 
be obtained from the somatic tissues of adult 
macaw palm plants. However, this phase still 
requires further studies, mainly to synchronize 
somatic embryos differentiation and to improve 
plant regeneration rates.
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