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ABSTRACT

Background: Euterpe edulis Martius, a symbolic species of the Atlantic Forest in Brazil, popularly
known as the Jucara palm tree, does not produce axillary or basal shoots, which prevents its vegetative
propagation through conventional techniques. Plant tissue culture techniques have been proposed
for the clonal propagation of superior genotypes of this species. The present study aimed to evaluate
the effect of 2,4-dichlorophenoxyacetic acid (2,4-D) on the induction of embryogenic calluses from
mature zygotic embryos of E. edulis. Mature zygotic embryos were inoculated in culture media
supplemented with different concentrations (20, 40, 80, 160, 320, 480, and 600 mg L™") of 2,4-D,
while the control treatment contained no 2,4-D. The experiments were conducted in a completely
randomized design.

Results: After 70 days in the induction medium, three morphogenic responses were observed:
seedlings, abnormal seedlings, and calluses. Increasing concentrations of 2,4-D reduced the formation
of normal seedlings while enhancing callogenesis up to concentrations between 160 and 279 mg
L™". At higher concentrations, embryogenic calluses or oxidized explants predominated. Morpho-
anatomical evaluations confirmed the embryogenic identity of the calluses, which consisted of a
meristematic center surrounded by a parenchymatic zone. Neutral polysaccharides and starch grains
were mainly observed in the parenchymatic zone, which was not directly involved in somatic embryo
regeneration.

Conclusion: This study demonstrates the formation of embryogenic calluses from in vitro cultures
of zygotic embryos of Euterpe edulis. These findings contribute to the development of a complete
regeneration protocol and may support the clonal propagation and conservation of this important
Atlantic Forest palm species
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HIGHLIGHTS

2,4-D triggers somatic embryogenesis in Euterpe edulis Martius.

High doses shift seedling growth toward embryogenic callus.

Optimal embryogenic response ranged between 160 and 279 mg L' 2,4-D.

Histological and histochemical analyses supported the embryogenic identity of the calluses.
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INTRODUCTION

Euterpe edulis Martius (Arecaceae), popularly known
as Jucara palm tree, has aroused growing scientific and
economic interest due to its commercial relevance (Oliveira et
al, 2022). This interest is mainly driven by the wide acceptance
and appreciation of its palm heart in national and international
markets, and by the productive and nutritional potential of
its fruits, which serve as functional food due to their high
antioxidant content (Carvalho et al.,, 2022).

Additionally, the commercial value of the fruit has
increased in recent years, making it a vital non-timber
forest product in the Atlantic Forest (Vianna et al, 2023).
However, the intense pressure on this palm has caused
social and environmental problems in regions where the
species occurs, as harvesting its palm heart results in the
plant's death (Oliveira et al., 2022). Alternatively, cultivation
of this species for fruit production has reduced exploitation
pressure (Meier et al., 2022).

Commercial production of this species remains
limited, partly due to the lack of alternatives for vegetative
propagation of superior E. edulis genotypes. This palm
does not produce axillary or basal shoots, and seeds are
its only means of conventional propagation (Vianna, 2025).
However, seminiferal propagation in this species, besides
being inefficient due to low seed viability, also leads to high
genetic variability, resulting in non-uniform production
(Soler-Guilhen et al.,, 2020; Regnier and Salatino, 2020).
Thus, clonal propagation methods, such as somatic
embryogenesis, are necessary and represent a good
alternative for many species that are difficult to propagate
by conventional methods (Mikuta et al., 2022).

Somatic embryogenesis is defined as a process in which
a bipolar structure, similar to a zygotic embryo, develops from
somatic cells without vascular connection to the original tissue
(Elhiti and Stasolla, 2022). For the regeneration process to be
initiated, plants typically require an induction stimulus, most
often triggered by stress conditions or the supplementation
of plant growth regulators, particularly auxins, such as
2,4-dichlorophenoxyacetic acid (2,4-D), which represents the
most widely employed approach (Mikuta et al., 2022).

Somatic embryogenesis has been successfully
studied and established as a pivotal biotechnological
strategy for the efficient clonal propagation of palm species
(Oliveira et al.,, 2022; Bueno et al., 2025). Different explants
can be used for somatic embryo formation, including young
leaves, zygotic embryos, and inflorescences (Guerra and
Handro, 1998). However, in vitro culture of zygotic embryos
is the main pathway for inducing somatic embryogenesis
in E. edulis (Carvalho et al, 2022; Oliveira et al, 2022).
Nevertheless, the formation of somatic embryos and
subsequent plant regeneration is still not uniform, showing
asynchrony in the development and maturation of tested
materials (Ferreira et al., 2022), highlighting the need to
improve this regeneration process.

To elucidate the mechanisms and sites of action
of plant growth regulators, detailed morphoanatomical
analyses are essential, as they provide insights into the
cellular dynamics triggered in exposed tissues (Campos

et al,, 2020). Investigations in Cocos nucifera L. (Mu et al,,
2024) and Elaeis guineensis Jacq. (Panggabean et al., 2023)
have significantly advanced the understanding of cellular
processes underlying somatic embryogenesis induction,
offering valuable models for other species.

Given the limited knowledge of somatic
embryogenesis in Euterpe edulis, the irregular development
of somatic embryos, and the limited understanding of the
cellular mechanisms driving embryogenic callus induction,
further investigations on this species are crucial to optimize
embryogenic systems capable of achieving complete and
uniform plant regeneration. Accordingly, the present study
aimed to evaluate the effects of different concentrations
of 2,4-D on the induction of somatic embryogenesis
from E. edulis zygotic embryos cultured in vitro, as well
as to characterize the morphoanatomical features of the
resulting embryogenic calluses.

MATERIALS AND METHODS
Plant material

Mature zygotic embryos of E. edulis were used as
explants. The fruits were collected from two mother plants
present in the collection of nutraceutical palms at the Federal
University of Vicosa, located in the municipality of Araponga,
Minas Gerais, Brazil. The fruits were washed with a solution
of water and 10% neutral detergent, agitated for 10 minutes,
and then depulped with a sieve. The seeds were soaked in a
solution of water and 10% neutral detergent, then transferred
to a 0.5% sodium hypochlorite (NaClO) solution and agitated
for 10 minutes, followed by nine rinses with autoclaved
distilled water, in a laminar flow hood. After rinsing, the
zygotic embryos were extracted from the seeds with tweezers
and a mini-vice number 1 and subsequently transferred
to Petri dishes containing germitest paper moistened with
sterile water. After this step, they were transferred again to a
container with 0.1% NaClO solution, agitated for 10 minutes,
and rinsed three times with autoclaved distilled water.
Subsequently, the material was inoculated into test tubes
containing induction medium.

Effect of 2,4-D on somatic embryogenesis induction

To evaluate the effect of 2,4-D supplementation on
somatic embryogenesis induction, mature zygotic embryos
of E. edulis were inoculated into test tubes (2.5 cm x 15 cm)
containing 20 mL of culture medium composed of MS basal
salts (Murashige and Skoog, 1962), B5 vitamins, 0.5 g L'
casein, 0.5 g L glutamine, 30 g L™ sucrose, 1.5 g L™ activated
charcoal, 2.5 g L phytagel, supplemented with 3.0 mg L'
isopentenyladenine (2iP), and different 2,4-D concentrations
(20, 40, 80, 160, 320, 480, and 600 mg L. In the control
treatment, no 2,4-D was added. The medium was adjusted
to pH 5.7 and autoclaved for 20 minutes at 121 °C under 1.5
atm. The cultures were maintained in a culture room at 28 °C
in the dark for 70 days. After this period, the percentage of
responsive explants, germination, callogenesis, and oxidation
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was evaluated. All treatments were maintained under these
conditions before being collected for microscopic analyses.

Morphoanatomical analyses

The embryogenic calluses obtained were collected
and fixed in FAA 50 (formaldehyde, acetic acid, and 50%
ethyl alcohol). To characterize the micromorphology of the
calluses by scanning electron microscopy (SEM), the fixed
samples were dehydrated in an increasing alcohol series.
The samples were analyzed and photographed using a Leo
1430VP Scanning Electron Microscope, and all collected
images were digitally processed.

For light microscopy analysis, the fixed samples were
dehydrated in an increasing alcohol series and embedded
in Leica Historesin according to the manufacturer's
recommendations. The materials were sectioned longitudinally
at five micrometers (um) using an automatic rotary microtome
(RM2265-Leica) equipped with a disposable glass blade and
subsequently stained with toluidine blue (0.5%) at pH 4.0 for 5
min. The slides were mounted with Permount® and visualized
under a light microscope (Olympus-AXE 70) coupled to a
photomicrography system (Olympus U-Photo).

For the detection of pectins, neutral polysaccharides,
and starch, histochemical tests were carried out using Schiff
reagent (PAS) (Feder and O'Brien, 1968) and Lugol solution
(Johansen, 1940), respectively.

Statistical analysis

The experiment was conducted in a completely
randomized design, with eight 2,4-D concentrations (0,
20, 40, 80, 160, 320, 480, and 600 mg L. Each treatment
consisted of five replicates, each containing four test
tubes with one mature zygotic embryo per tube. The
morphogenic responses observed in each treatment, such
as percentage of normal and abnormal seedlings, callus, and
non-responsive and/or oxidized explants, were subjected
to descriptive analysis. The percentage of calluses and
oxidation was tested for normality and homogeneity using
the Shapiro-Wilk and Bartlett tests. The data were then
subjected to analysis of variance (ANOVA) and evaluated
by regression using Sisvar 5.6 software.

RESULTS

2,4-D concentrations dictate different morphogenic
pathways

After 70 days in induction medium, three different
morphogenic responses were observed: seedlings, abnormal
seedlings, and calluses (Fig. 1a, b). Germination of zygotic
embryos and consequently seedling formation were
mainly observed in the control treatment and at the lowest
concentration of 2,4-D (20 mg L) (Fig. 1b). At concentrations
of 40 and 80 mg L' 2,4-D, most of the seedlings formed
were abnormal (Fig. 1b). These seedlings generally showed

reduced root systems and callus formation in this region (Fig.
1a). The coleoptile, although visible, appeared smaller than in
normal seedlings (Fig. 1a), although this parameter was not
measured. Callogenesis was observed from the treatment
supplemented with 20 mg L' 2,4-D, with the increase in
concentration resulting in a higher percentage of calluses
up to 160 mg L. At concentrations higher than 160 mg L
2,4-D, there was a sharp decrease in callogenesis (Fig. 1b).
In the treatment supplemented with 160 mg L™, only calluses
were observed, which constituted 66.7% of the morphogenic
responses obtained (Fig. 1b). The highest percentages of non-
responsive explants were observed in the control treatment
and in the treatment supplemented with 600 mg L™ 2,4-D,
where most explants were oxidized (Fig. 1b, d).

The concentration of 24-D influenced somatic
embryogenesisinduction (Fig. 1f). The frequency of callogenesis
was adjusted to a quadratic model, whose optimum point was
approximately 279 mg L™ 2,4-D (Fig. 1c). The oxidation rate was
adjusted to a linear model, showing that the increase of 2,4-D
resulted in a proportional increase in oxidation rate (Fig. 1d).
The embryogenic calluses, characterized by nodular structures
(Fig. 1e), differentiated into somatic embryos (Fig. 1f).

Histological zonation of embryogenic calluses

The embryogenic calluses of E. edulis consisted of
numerous nodular structures with a globular shape (Fig.
2a). These structures were mainly formed in the haustorium
region of the zygotic embryos used as explants (Fig. 2b).
The nodules varied in size and had an irregular surface
(Fig. 2c). Anatomically, these structures showed a well-
defined histological zoning, consisting of a meristematic
center surrounded by a parenchymatic zone (Fig. 2d). The
meristematic center was composed of small, isodiametric
cells, with a high nucleus-to-cytoplasm ratio, a prominent
nucleus containing more than one nucleolus, and numerous
regions of heterochromatin (Fig. 2e). In contrast, the
parenchymatic zone was composed of elongated cells, with
retracted protoplasts and a low nucleus-to-cytoplasm ratio
(Fig. 2f), highlighting the differences in metabolic activity of
these distinct regions of the nodules.

Histochemical analyses of embryogenic calluses

Neutral polysaccharides were identified in the
embryogenic calluses of E. edulis using the histochemical
periodic acid-Schiff (PAS) reaction (Fig. 3a, b). The cell walls
of the parenchymatic zone of the embryogenic calluses were
intensely stained compared with the cells of the meristematic
center, indicating differences in the abundance of these
components along the callus (Fig. 3a, b).

Cytoplasmic compounds of peripheral cells of the
nodular structures were also stained by PAS (Fig. 3b), a
characteristic not observed in the cells of the meristematic
center. This observation was confirmed by the histochemical
Lugol test (Fig. 3¢, d). Starch grains were observed only in
the peripheral cells surrounding the meristematic centers of
pro-embryogenic structures (Fig. 3d).
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Figure 1: Effects of 2,4-D supplementation on somatic embryogenesis induction in Euterpe edulis. a: Morphogenic
responses of explants exposed to different concentrations of 2,4-D. b: Percentage of morphogenic responses
observed in each treatment. c: Percentage of embryogenic callus d: Percentage of oxidized explants e, f: Embryogenic
callus. Note the presence of nodular structures (*) and somatic embryos (SE). Scale bars = a: 20 mm; e, f: 0,5 mm.

Abbreviation: co coleoptile.

DISCUSSION

In this study, we evaluated the effect of 24-
D supplementation on the induction of somatic
embryogenesis from in vitro culture of E. edulis zygotic
embryos. The use of 2,4-D was based on the results of
Saldanha et al. (2006), Saldanha and Martins-Corder
(2012), and Oliveira et al. (2022), who successfully reported
the formation of embryogenic calluses in E. edulis. The
presence of 2,4-D in the culture medium was essential for
inducing the embryogenic process. 2,4-D is the primary
plant growth regulator used to induce this process due to
its rapid response and efficiency (Karami et al., 2023). This

auxinic molecule acts as a chemical signal, reprogramming
the cellular development of a tissue in a specific region (Yan
and Pan, 2023). The effect of 2,4-D on the formation of
embryogenic calluses is closely related to the acquisition
of embryogenic competence (totipotency), attributed to
its ability to stimulate cell division, regulate the expression
of genes related to embryonic development, and induce
the cellular reprogramming necessary for the formation of
somatic embryos (Passamani et al., 2020; Fan et al., 2022).
However, the precise concentration of auxin in
the culture medium is crucial for somatic embryogenesis
induction (Oliveira et al., 2023; Jayarathna et al., 2023).
Here, the highest observed callogenesis occurred at 160
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mg L' 2,4-D, whereas the model estimated an optimum
near 279 mg L7, both higher than those used in previous
studies (Saldanha et al. 2012; Oliveira et al. 2022). Saldanha
et al. (2006) successfully induced somatic embryogenesis in
immature zygoticembryos of £. edulis using 100 mg L' of 2,4-
D. More recently, Oliveira et al. (2022) successfully induced
somatic embryogenesis in immature zygotic embryos of
the same species by supplementing with 4.49 mg L of 2,4-
D, during which embryogenic calluses were first formed,
characterizing indirect somatic embryogenesis. This low
auxin dosage was likely effective because immature zygotic
embryos are more responsive to somatic embryogenesis
induction (Yang et al.,, 2021; Trabelsi and Jedidi, 2022), due
to their lower degree of differentiation. Another possible
factor explaining the higher concentration of 2,4-D found
in this study could be the amount of activated charcoal
present in the medium. Activated charcoal can adsorb
several substances present in the culture medium, including
plant growth regulators (Sharma et al., 2022). We must also
take into account the genotypic characteristics of each

plant material, since the explants used in the present study
were derived from only two mother plants. The success of
establishing in vitro plant culture is influenced not only by
culture medium composition and growth conditions but
also by genotype, since genotype-dependent responses
are common in in vitro regeneration processes (Corréa
et al. 2015; Nadarajan et al. 2023). Further studies using
materials sourced from different populations should be
conducted to determine the most precise concentrations
of 2,4-D required to induce somatic embryogenesis from
zygotic embryos of E. edulis.

The formation of somatic embryos from calluses
is known as indirect somatic embryogenesis (Ramirez-
Mosqueda, 2022). This regeneration pathway is common
in palm species and is the main route described for Cocos
nucifera L. and Elaeis guineensis Jacg. (Bueno et al., 2025), and
Euterpe precatoria Mart. (Ferreira et al,, 2022). In general, the
use of zygotic embryos as explants for somatic embryogenesis
induction tends to proceed indirectly, with the formation of
embryogenic calluses before somatic embryos.

Figure 2: Anatomical aspects of embryogenic calluses of Euterpe edulis. a: Calluses with nodular structures (*) forming
on their surface. b: Cross-section of embryogenic callus with nodular structures (*) stained with Toluidine Blue. c: Calluses
with nodular structures (*) forming on their surface (in detail). d: Nodular structure of the embryogenic callus, showing
the meristematic center (mc) and the parenchymatic zone (pz). e: Heterochromatin in the nuclei of the meristematic
center (mc) cells (arrows). f: Cells of the parenchymatic zone (pz). Scale bars = a, b 500 um; ¢, d 250 um; e, f 50 pm.
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dark pink due to the positive reaction to the PAS test with Schiff's reagent. b: Presence of a greater amount of neutral
polysaccharides in the parenchymatic zone (pz) cells, suggesting the presence of a polysaccharide matrix (black arrows).
c: Presence of starch in pz cells evidenced by a purplish coloration due to the Lugol test. d: More detailed image showing
the presence of starch grains in the amyloplasts of pz cells (black arrows). Scale bars = a, c: 400 um; b, d: 100 pm.

Abbreviation: mc meristematic center.

In this study, nodular structures began to form
around the zygotic embryos. The formation of these
structures was also reported in somatic embryogenesis
induction in Acrocomia aculeata (Jacq.) Lodd. ex Mart.
(Andrade et al, 2024), Euterpe oleracea (Pereira et al.,
2012), Elaeis guineensis Jacq. (Panggabean et al., 2022),
and Euterpe precatoria (Ferreira et al., 2022), where these
structures were classified as nodular embryogenic calluses.
These calluses showed a histological conformation with a
meristematic center surrounded by parenchymatic cells.
The same cell arrangement pattern was observed in
Syagrus oleracea Mart. (Silva-Cardoso et al., 2020) and
Elaeis guineensis (Panggabean et al., 2022), demonstrating
that this is not an exclusive feature of embryogenic calluses
of E. edulis, but rather a conserved structural aspect during
in vitro regeneration of these structures in plant palm
species. Morphoanatomical analyses are indispensable
for accurately discerning the identity of morphogenic
responses in palms. As highlighted by Silva-Cardoso et al.
(2020), the early formation of globular somatic embryos
may have been overlooked or misinterpreted as callus
tissue, mainly due to the extended exposure of explants
to induction media containing supraoptimal auxin
concentrations, which can impair rather than promote
somatic embryogenesis.

Histochemicaltestsidentified neutral polysaccharides
using Schiff's reagent in PAS tests and starch grains using
Lugol's reagent. The presence of neutral polysaccharides

is a common feature of embryogenic events. These
compounds were also observed in embryogenic structures
of Syagrus oleracea Mart. (Silva-Cardoso et al., 2020)
and Acrocomia aculeata (Andrade et al, 2024). In this
study, a polysaccharide matrix was evidenced between
parenchymatic cells, along with thickening of their cell
walls. The origin of these compounds is likely linked to
alterations in the cell wall, which may have disrupted the
middle lamella (Ferreira et al., 2020; Ferreira et al., 2022).

The presence of starch grains is associated with
their synthesis and storage by amyloplasts, specialized cells
that perform this function. Starch grains provide energy for
the initiation of cell divisions and the successive formation
of embryogenic cells and pro-embryos, decreasing as
embryogenic areas differentiate (Silva-Cardoso et al,
2020). Therefore, starch is fundamental for morphogenic
processes. In this study, these reserve structures were found
in the parenchymatic zone of embryogenic calluses, acting
as an energy source that supports somatic embryogenesis.
Studies in Syagrus oleracea Mart. (Silva-Cardoso et al,
2020) and Elaeis guineensis Jacq. (Vilela et al., 2021) showed
similar patterns, where cells surrounding the meristematic
center also contained starch grains as an energy source for
embryogenic development.

Apparently, this starch tends to be remobilized
toward the meristematic center, the region of intense
cell division activity, closely linked to the acquisition of
embryogenic competence (Vilela et al., 20271).
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In summary, this study highlights the crucial
role of 2,4-D in inducing somatic embryogenesis in E.
edulis, showing that concentrations between 160 and
279 mg L™ are most effective. The formation of nodular
embryogenic calluses, associated with the presence
of polysaccharides and starch grains, reflects the
complexity of the cellular processes involved, including
the acquisition of embryogenic competence and the
provision of energy for cell divisions. The use of zygotic
embryos as explants has shown promise, though further
studies on optimal concentrations of 2,4-D and the
molecular mechanisms underlying cell reprogramming
are needed to further optimize results.

CONCLUSION

The results indicate that 2,4-D is an effective inducer
of embryogenic callus in Euterpe edulis, with concentrations
between 160 - 279 mg L™, favoring the formation of
these structures. Histological and histochemical analyses
supported the embryogenic identity of the calluses. These
findings represent an initial advance in understanding
the induction phase of somatic embryogenesis in this
species. Further research is necessary to confirm embryo
maturation, conversion, and plantlet development, which
will be essential steps toward establishing efficient clonal
propagation and conservation protocols for E. edulis.

ACKNOWLEDGEMENTS

The authors thank the Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior, the
Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (Brasilia, Brazil; Grant No. 308217/2025-0), and
the Fundagdo de Amparo a Pesquisa do Estado de Minas
Gerais (Belo Horizonte, Brazil; Grant No. RED-00225-23) for
financial support.

AUTHORSHIP CONTRIBUTION

Project Idea: VPLS; SYM; DIR
Funding: VPLS; SYM; DIR
Database: VPLS; TASF

Processing: VPLS; TASF; ACFC; DIR
Analysis: VPLS; TASF; ACFC; DIR
Writing: VPLS; TASF;, ACFC; DIR
Review: TASF; ACFC; DIR

DATA AVAILABILITY

The datasets analyzed during the current study are
available from the corresponding author upon reasonable
request.

REFERENCES

ANDRADE, A. P.S,; MOTOIKE, S.Y.; KUKI, K. N.; et al. Explant age and genotype
drive the somatic embryogenesis from leaf explants of Acrocomia aculeata
(Jacq.) Lodd. ex Mart. (Arecaceae), an alternative palm crop for oil production.
Trees, v.38, p.315-326, 2024. https://doi.org/10.1007/s00468-023-02484-4.

BUENO, L. H.; LADEIRA, J. S, SILVEIRA, J. V. B et al. Biotechnological
Advances for the Propagation and Conservation of Nutraceutical
and Oilseed Palm Tree Crops [Internet]. Fruit Crops Science [Working
Title]. IntechOpen, 2025. Available at: http://dx.doi.org/10.5772/
intechopen.1010268. Accessed in: July 10th 2025.

CAMPOS, S. S.; SCHERWINSKI-PEREIRA, J. E;; BERND, R. B; et al. Somatic
embryogenesis as an alternative for in vitro multiplication of Butia odorata
from mature zygotic embryos. Anais da Academia Brasileira de Ciéncias,
92, 2020. Available at: https://doi.org/10.1590/0001-3765202020181215.
Accessed in: July 9th 2025.

CARVALHO, L. M. J.; ESMERINO, A. A; CARVALHO, J. L. V. Jussai (Euterpe
edulis): A review. Food Science and Technology, v. 42, p. e08422, 2022.
https://doi.org/10.1590/fst.08422

CORREA, T. R; MOTOIKE, S. Y. COSER, S. M et al. Estimation of genetic
parameters for in vitro oil palm characteristics (Elaeis guineensis Jacg.) and
selection of genotypes for cloning capacity and oil yield. Industrial Crops and
Products, 77, 1033-1038, 2015. https://doi.org/10.1016/j.indcrop.2015.09.066

ELHITI, M; STASOLLA, C. Transduction of Signals during Somatic
Embryogenesis. Plants, v.11, n.2, p. 178, 2022. https://doi.org/10.3390/
plants11020178

FAN, Y. TANG, Z,; WEI, J.; et al. Dynamic Transcriptome Analysis Reveals
Complex Regulatory Pathway Underlying Induction and Dose Effect by
Different Exogenous Auxin IAA and 2,4-D During in vitro Embryogenic
Redifferentiation in Cotton. Frontiers in Plant Science, v. 13, p.931105,
2022. https://doi:10.3389/fpls.2022.931105

FEDER, N.; O'BRIEN, T.P. Plant microtechnique: some principles and new
methods. American Journal of Botany, New York, v. 55, n.1, p.123-142,
1968. https://doi.org/10.1002/j.1537-2197.1968.tb06952.x

FERREIRA, C. D. SILVA-CARDOSO, I. M. D. A, FERREIRA, J. C. B.
Morphostructural and histochemical dynamics of Euterpe precatoria
(Arecaceae) germination. Journal of Plant Research, v.133, p. 693-713,
2020. https://doi.org/10.1007/s10265-020-01219-7

FERREIRA, J. C. B.; SILVA-CARDOSO, |. M. D. A;; DE OLIVEIRA MEIRA, R.
Somatic embryogenesis and plant regeneration from zygotic embryos of
the palm tree Euterpe precatoria Mart. Plant Cell, Tissue and Organ Culture
(PCTOC), v. 148, n. 3, p. 667-686, 2022. https://doi.org/10.1007/s11240-
022-02227-2

GUERRA, M. P; HANDRO, W. Somatic embryogenesis and plant
regeneration in different organs of Euterpe edulis Mart. (Palmae): Control
and structural features. Journal of Plant Research, v.111, n.1, p. 65-71,
1998. https://doi.org/10.1007/BF02507151

JAYARATHNA, S. P. N. C; BALASOORIYA, J. O. S.; VIDHANAARACHCHI, V.
R. M.; et al. Enhance Coconut Somatic Embryogenesis of Unfertilized Ovary
Derived Callus through Improved Media Composition. Cocos, v.24, p. 13 -
21, 2023. https://doi.org/10.4038/cocos.v24i1.5825

JOHANSEN, D.A. Plant microtechnique. New York: Mc GrawHill Book, 1940.
523p.

KARAMI, O.; DE JONG, H., SOMOVILLA, V. J; et al. Structure-activity
relationship of 2,4-D correlates auxinic activity with the induction of
somatic embryogenesis in Arabidopsis thaliana. Plant Journal, v. 116, n. 5,
p. 1355-1369, 2023. https://doi.org/10.1111/tpj.16430

MEIER, M.; DE MATTOS, D. B,; MUJALLI, D.; et al. Legal Pillars to Agroforestry
Management of Jucara Palm (Euterpe edulis Mart.) in the Atlantic Forest
Biome. Journal of Ecology and Natural Resources, v. 6, n. 3, p. 000295,
2022. Doi: https://doi.org/10.23880/jenr-16000295

MIKULA, A.; GAJ, M., GRZYB, M.; et al. Polish Contribution to Global
Research on Somatic Embryogenesis. Acta Societatis Botanicorum
Poloniae, v. 91, n.1, p.9115 2022. https://doi.org/10.5586/asbp.9115

CERNE (2026) 32: e-103638



Silva et al.

MU, Z; LI, Z; BAZRAFSHAN, A, et al. Temporary Immersion Culture:
A Potential In Vitro Culture Method for the Clonal Propagation of
Coconut. Horticulturae, v.10, n.9, p. 946, 2024. https://doi.org/10.3390/
horticulturae10090946

MURASHIGE, T.; SKOOGE, F. A revised medium for rapid growth and
bioassay with tobacco tissue culture. Physiologia plantarum, v. 15, p. 473-
497, 1962. https://doi.org/10.1111/j.1399-3054.1962.tb08052.x

OLIVEIRA, L. B.; DE MELLO, T.; DE ARAUJO, C. P,; et al. Morphoanotomical
aspects of auxin herbicides-induced somatic embryogenesis in Euterpe
edulis Martius, a symbol and threatened species of the Atlantic Forest.
Scientia Horticulturae, v.299, p.111051, 2022. https://doi.org/10.1016/j.
scienta.2022.111051

OLIVEIRA, J. P. M. JUNIOR DA SILVA, A; CATRINCK, M. N, et
al. Embryogenic abnormalities and genotoxicity induced by
2,4-dichlorophenoxyacetic acid during indirect somatic embryogenesis
in Coffea. Scientific reports, v. 13, n.1, p. 9689, 2023. https://doi.
org/10.1038/s41598-023-36879-7

PANGGABEAN, N. H.; NURWAHYUNI, I; ELIMASNI; et al. Histological
analysis of somatic embryogenesis from shoot explant of oil palm
(Elaeis guineensis Jacq.). IOP Conference Series: Earth and Environmental
Science, v. 1115, n.1, p.012073, 2022. https://doi.org/10.1088/1755-
1315/1115/1/012073.

PANGGABEAN, N. H; NURWAHYUNI, I; ELIMASNI; et al. Somatic
Embryogenesis of Oil Palm (Elaeis guineensis Jacq.) from Bud Explants
Using Suspension Culture. OnLine Journal of Biological Sciences, v. 23, n.
2, p. 236-242, 2023. https://doi.org/10.3844/0jbsci.2023.236.242

PASSAMANI, L. Z; REIS, R. S; VALE, E. M., et al. Long-term culture with
2,4-dichlorophenoxyacetic acid affects embryogenic competence in
sugarcane callus via changes in starch, polyamine and protein profiles.
Plant Cell Tissue and Organ Culture, v. 140, p. 415-429, 2020. https://doi.
0org/10.1007/s11240-019-01737-w

PEREIRA, J. E. S;; GUEDES, R. S; SILVA, R. A; et al.. Somatic embryogenesis
and plant regeneration in acai palm (Euterpe oleracea). Plant Cell,
Tissue and Organ Culture (PCTOC), v.109, p. 501-508, 2012. https://doi.
org/10.1007/s11240-012-0115-z

RAMIREZ-MOSQUEDA, M. A. Overview of Somatic Embryogenesis. In:
RAMIREZ-MOSQUEDA, M. A. (eds) Somatic Embryogenesis. Methods in
Molecular Biology. Humana, New York, NY. 2022. v. 2527, p.1-8. https://
doi.org/10.1007/978-1-0716-2485-2_1

REGNIER, L. L. P,; SALATINO, M. L. F. Assessment of Different Seedling
Production Techniques of Euterpe edulis. Advanced Journal of Graduate
Research, v. 8, p. 40-50, 2020. https://doi.org/10.21467/ajgr.8.1.40-50

SALDANHA, C. W.; MARTINS-CORDER, M. P. In vitro germination and
embryogenic competence acquisition of Euterpe edulis Martius immature
zygotic embryos. Crop Breeding and Applied Biotechnology, v.12, p.171-
178, 2012. https://doi.org/10.1590/51984-70332012000300002

SALDANHA, C. W, MARTINS-CORDER, M. P.; STEINMACHER, D. A; E. et
al. In vitro morphogenesis in zygotic embryos and leaf sheaths of Euterpe
edulis Martius (Arecaceae). Crop Breeding and Applied Biotechnology, v.6,
p.228-235, 2006.

SILVA-CARDOSO, I. M. A; MEIRA, F. S.; GOMES, A. C. M,; et al. Histology,
histochemistry and ultrastructure of pre-embryogenic cells determined
for direct somatic embryogenesis in the palm tree Syagrus oleracea.
Physiologia Plantarum, v. 168, nd4, p. 845-875, 2020. https://doi.
org/10.1111/ppl.13026

SHARMA, G.; SHARMA, S; KUMAR, A; et al. Activated Carbon as
Superadsorbent and Sustainable Material for Diverse Applications.
Adsorption Science and Technology, p. 2022, 2022. https://doi.
org/10.1155/2022/4184809

SOLER-GUILHEN, J. H,; BERNARDES, C. O.; MARCAL, T. S, et al. Euterpe
edulis seed germination parameters and genotype selection. Acta
Scientiarum Agronomy, v.42, n.1, p.e42461, 2020. https://doi.org/10.4025/
actasciagron.v42i1.42461

TRABELSI, E. B. JEDIDI, E. Somatic Embryogenesis from Immature
Olive Zygotic Embryos. In: RAMIREZ-MOSQUEDA, M.A. (eds) Somatic
Embryogenesis. Methods in Molecular Biology, Humana, New York, NY,
v. 2527, p.133-141, 2022. https://doi.org/10.1007/978-1-0716-2485-2_11

VIANNA, L. F. N.; ZAMBONIM, F. M.; PANDOLFO, C. Potential cultivation
areas of Euterpe edulis (Martius) for rainforest recovery, repopulation and
acai production in Santa Catarina, Brazil. Scientific Reports, v. 13, p. 6272,
2023. https://doi.org/10.1038/s41598-023-32742-x.

VIANNA, S.A. Euterpe in Flora e Funga do Brasil. Jardim Botanico do Rio de
Janeiro. Available at:<https://floradobrasil jbrj.gov.br/FB15712>. Accessed
in: June 12th 2025.

VILELA, M. S. P.; ANDRADE, J. C; SANTOS, RS, et al. Induction and
maintenance of embryogenic characteristics of callus of the oil palm
hybrid manicoré. Revista Arvore, v.45, p. e4538, 2021. https://doi.
org/10.1590/1806-908820210000038.

YANG, J; YANG, D, LU, W, et al. Somatic embryogenesis and plant
regeneration in Betula platyphalla. Journal of Forestry Research, v.32, n.3,
p. 937-944, 2021. https://doi.org/10.1007/s11676-020-01131-9.

Yan, Z.; Pan, C. Study on Influencing Factors of Somatic Embryogenesis
in Woody Plants. Bioprocess, v.13, n.2, p. 77-84, 2023. https://doi.
org/10.12677/bp.2023.132011

CERNE (2026) 32: e-103638


https://doi.org/10.12677/bp.2023.132011

	_heading=h.oeh0mo1k93r5
	_heading=h.rvetrtpm7epz
	_heading=h.4k1fyatc3gbi
	_heading=h.9ak9oqj0sia3
	_heading=h.lidcit2t2bl
	_heading=h.gv9sc0yhwf3s
	_heading=h.wmu5ko16rly
	_heading=h.a2fpc5tfb8ad
	_heading=h.kzlmrbd0cr78
	_heading=h.esh5ymqtnji8
	_heading=h.4kbv9hd1sso4
	_heading=h.km45y4r05rgf
	_heading=h.q3z25v2y3xgo
	_heading=h.e2hmfysj0k4c
	_heading=h.jzpxtyb01tbw

