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Abstract: Platonia insignis Mart. is a species native to the Brazilian Amazon that has fruits of high
commercial value and potential use in the cosmetic and pharmaceutical industries. However, the
techniques for its propagation are limited. In the present study, we aimed to establish P. insignis in
vitro by germinating immature seeds from the fruit. Immature fruits were collected, disinfected, and
their seeds were placed in the following culture media (50 mL): agar + distilled water; MS0 (no growth
regulators); MS + 1 pM BAP; MS + 2 uM BAP; MS + 3 uM BAP; MS + 1 pM GA3; MS + 2 pM GA3; and
MS + 3 uM GAs in a growth chamber at 24 + 2 °C in the dark, until shoot emergence. Callus
formation, oxidation, germination, number of seedlings, shoot emergence, radicle, and shoot length
were measured every 15 days after inoculation (DAI). At 60 DAI, seedlings grown without growth
regulators had higher or equal values for all variables than those cultivated with growth regulators.
The in vitro germination and establishment of P. insignis were efficient and feasible and could
contribute to its domestication by reducing the germination time to approximately 60 days,
producing homogeneous plants in a short period, and making it possible to explore other
biotechnological techniques for this species.

Keywords: Amazonian fruit tree, In vitro propagation; Native fruit tree; Plant growth regulators.
Abbreviations: BAP_ 6-benzylmonopurine; Ca_ Cataphylls; Eo, Eophylls; Ep, Epicotyl; GAs, Gibberellic acid; Lr, Lateral roots; Me,
Metaphylls; Ox, Oxidation; Ra, radicle; Sh, Shoot; Sm, Spongy mass; Yc, Yellowish calluses.

Introduction

The “bacuri” tree (Platonia insignis Mart.; family Clusiaceae) North and Northeast regions of Brazil (Botelho et al., 2020;
is native to Brazil, with a center of dispersion in the Eastern Mourao and Beltrati 1995b).

Brazilian Amazon (Carvalho et al., 2022), and is also found in The main obstacles that hinder the expansion of the “bacuri”
Guyana, Peru, Bolivia, Colombia and Ecuador (Jacomino et market is the rusticity of the species, and the absence of
al., 2018). Amazonian fruits have gained prominence over the technologies for consolidation of the production chain,
years, because of their multiple uses and forms of because fruits are procured directly from trees that exist in
consumption (Rodrigues Lima et al., 2022). This fruit is highly the producing regions, i.e., from management of natural
consumed both in natura and industrialized in the form of populations, directly affecting the supply of products in the
pulp, yogurts, jams, jams, and ice creams (Lima et al., 2022; national and international market (Botelho et al., 2020; Lima
Pontes et al., 2017; Yamaguchi et al., 2021). It is a potential et al., 2022). Furthermore, Platonia insignis has being
source of supporting phytochemical with health benefits, domesticated because of the long duration required for the
with several applications including in the composition of emergence of seedlings (with more than 500 days on
cosmetics, as analgesic, antidepressant, antidiabetic, anti- average), which makes it difficult to produce seedlings and
inflammatory, antioxidant, antifungal, anti-HIV, and establishing orchards (Carvalho et al., 2022; Carvalho et al.,
antimicrobial (do Nascimento Cavalcante et al., 2020; 1998; Carvalho et al., 2002).

Jacomino et al., 2018; Lima et al., 2022), which results in Under natural conditions, the seeds begin root protrusion at
added economic, ecological and social value, especially in the 12 days on average, however, from this stage on, there is a

marked root growth, in which this primary root reaches
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Figure 1. Immature fruits (a) and rescued seeds (b) of Platonia insignis. Bar: 1 cm.

lengths greater than 180 cm, and a diameter in the basal
portion equal to 0.7 cm. This process takes a long-time which
can vary from 180 to 900 days (Carvalho et al., 2022). Only
after this long period of root growth, epicotyl emergence
occurs to complete the formation of seedlings, and this delay
and unevenness in the emergence of the epicotyl is related to
dormancy of the plumule (Carvalho et al., 2022). This long
time required to form seedlings is a major bottleneck for the
propagation of the species, making it difficult to produce
seedlings in nurseries.

The application of biotechnological techniques may
contribute directly to the formation of seedlings in Platonia
insignis, as well as to a better understanding of the
morphophysiological processes involved (Marinho et al.,
2022), and can be conserved in active germplasm banks to
support future genetic improvement programs (Pontes et al.,
2017). Additionally, these plants can be used in several other
techniques, such as composing crossing materials in
breeding programs for plant domestication, propagation by
micrografting, and conventional grafting. Based on this, in
vitro germination is a viable alternative for the propagation
of many species, as it promotes a high rate of seed
germination owing to the greater environmental control
provided by in vitro conditions compared to field conditions
(Hesami et al., 2021).

Multiple crosstalk levels in hormonal networks control seed
germination and are essential for embryo growth and
development (Carrera-Castafno et al, 2020). For example,
gibberellins are directly involved in seed germination, where
they influence dormancy breaking (e.g., resumption of
embryo growth) and induce the mobilization of endosperm
reserves through hydrolytic enzymes (e.g., &-amylase)
(Gupta and Chakrabarty 2013); while cytokinins, especially
with their negative interaction with abscisic acid (ABA), can
positively regulate seed germination by controlling cell
division (Miransari and Smith 2014).

Considering that in vitro propagation techniques can be (i)
an excellent alternative to accelerate the propagation of P.
insignis; (ii) provide large-scale production of healthy plants;
and (iii) contribute to the management and domestication
strategies of the species; the present study aimed to evaluate
the in vitro germination and establishment of P. insignis
based on the rescue of seeds from immature fruits under
different concentrations of the growth regulators 6-
benzylmonopurine (BAP) and gibberellic acid (GA3).

Results
The in vitro germination of P. insignis was successfully

obtained in five of the tested treatments, which in turn
showed significant differences (P < 0.05). Seeds placed on
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agar + distilled water (control treatment), MSO (no growth
regulators) and MS + 2 uM GA3 showed 100% germination,
being preceded by MS with different BAP concentrations (1,
2, and 3 pM) and 1 pM GAs3, with germination between 25
and 50%. In contrast, germination was inhibited in MS + 3
uM GAs (Fig. 2a).

Seeds on MS + 2 uM GAs showed the best results for
percentage of seedlings (e.g., 100% of seedlings formed),
differing from MS at concentrations of 3 uM BAP or GA3, in
which there was no seedling development (P < 0.05; Fig. 2b).
taken together, MS + 2 uM GAs not only provides a high
percentage of germination, but also promotes a higher
percentage of seedling in vitro (a plant with desirable
characteristics: presence of shoots and roots). However, this
treatment did not differ from the agar medium + distilled
water (control treatment), which is inexpensive because it
does not use minerals or growth regulators.

In all treatments, callus formation was observed in the seeds;
however, there was no significant difference, with a variation
of 78-100% in callus formation (Fig. 3a). However, callus
oxidation was observed, mainly in MS + 1 uM GA3, which
differed only from MS + 2 pM BAP, the latter with less
oxidation (Fig. 3b).

No significant differences in shoot length between
treatments (P > 0.05; Fig. 4) were observed; however,
seedlings in agar + distilled water and MS + 2 uM of GA3
showed higher values of radicle length, 6.2 and 5.9 cm,
respectively (P < 0.05; Fig. 4).

Initially, we observed that the seeds had a white color with
yellowish regions; however, as the days passed after
inoculation, the color changed to brown, indicating possible
oxidation. Additionally, morphological changes were
observed in the seeds throughout the experiment, such as the
formation of a spongy mass (Fig. 5a-h; 6a) in all the
treatments tested and vyellowish callus formation, as
observed in the agar + distilled water treatment, which was
also observed in all treatments (Fig. 6a). Also, we observed
radicle, lateral roots, epicotyl and shoot formation (Fig. 5; 6b,
6¢), proving seedling formation, less in MS + 3 uM BAP, MS
+1 uM GA3, and MS + 3 uM GA; (Fig. 2b). Overall, seedling
formation occurs initially through the emission of eophylls
(the first leaves produced by plants), followed by cataphylls
(reduced, small, and opposite leaves) and metaphylls
(showing the first pair of adult leaves formed after
cataphylls) (Fig. 6¢).

Discussion
Platonia insignis is a tree native to South America with high

potential for tropical fruit growth owing to its bittersweet
pulp and nutraceutical characteristics (Yamaguchi et al.,



80 4

=N
S
1

Germination (%)

O 40 +

20 4

b)
100 4 o

%
S
"

=N
S
L

40

Seedling formation (%)

¢
100

Shoot emergency (%)

4

Treatments

Figure 2. Germination (a), seedling formation (b), shoot emergency (c) of seedlings from seeds of immature fruits of Platonia insignis

under different treatments at 60 days in vitro.
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2021). However, domestication of this species is still
incipient, with the need for biotechnological studies that
provide greater characterization (Marinho et al., 2022). Here,
for the first time, seeds of immature fruits were rescued for
in vitro germination and establishment of Platonia insignis. In
addition, the treatment without MS medium (e.g., agar +
distilled water) resulted in high germination and seedling
formation, in line with greater shoot and root lengths.
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Figure 3. Calluses formation (a) and oxidation (b) in seeds of immature fruits of Platonia insignis under different treatments at 60
days in vitro.

When comparing the seedling emergence time in vitro with
that under natural conditions, the seeds germinated in vitro
showed a reduction in seedling formation time (~ 60 days).
Although it is unknown to us which factors in the in vitro
cultivation have the greatest influence on this rapid epicotyl
emission, there is possibly a greater activity of enzymes
related to cell expansion and division, facilitating the rupture
of the cortical ground meristem. In parallel, we cannot
neglect the fact that seeds without seed coats were used in
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this study, which in turn may have facilitated the water
absorption and growth induction stages (Bentsink and
Koornneef, 2008). Based on these results, other applications
may be adopted, such as micrografting, conventional
grafting, or propagation by somatic embryogenesis, which
guarantee the clonal fidelity of the genetic material that may
be selected as superior in terms of the organoleptic qualities
of fruits and small trees among other characteristics of
interest to producers and the consumer market.

Platonia insignis seeds are recalcitrant, and under ideal
germination conditions (e.g., light, water, oxygen, and
temperature), they exhibit rapid radicle emission, parallel to
the slow and uneven emergence of the epicotyl (Carvalho et
al., 2022; Carvalho et al, 2002). Root emergence is fast,
occurring on an average of 18 days, whereas epicotyl
emission is slow and uneven, and can occur at an average of
564 days after sowing (Carvalho et al., 1998). In our study,
after 15 d in the dark and 60 d under light conditions, we

Ms0 (no growth regulators)
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MS + 1uM of BAP MS + 2uM of BAP

S — .
Figure 5. Platonia insignis explants 60 days after inoculation in vitro in the different treatments. Agar + distilled water (a); MSO —
no growth regulator (b); MS + 1 pM of BAP (c); MS + 2 pM of BAP (d); MS + 3 uM of BAP (e); MS + 1 pM of GA3 (f); MS + 2 pM
of GA3(g) and MS + 3 pM of GA3 (h). Abbreviations: Ep — Epicotyl; Lr — Lateral roots; Sm — spongy mass; Ra - radicle. Bars: 1 cm.

observed seedlings with eophyll emissions, followed by
cataphylls and metaphylls (Fig. 6c), which proved the
complete development of P. insignis seedlings, as reported by
Mourao and Beltrati (1995a).

Here, the reduction in the time for seedling formation by
Platonia insignis in vitro may be related to conditions of
greater environmental control, such as light intensity and
temperature, indicating that tissue culture can be an
excellent tool for the production of plants of this species in a
shorter time. However, this response may also be associated
with the rescue of seeds from immature fruits, thereby
mitigating the potential effects of dormancy on epicotyl
emissions.

Interestingly, the agar + distilled water treatment (control)
resulted in higher germination rates. This differs from other
woody and fruit species that require growth regulators to
start germination, such Annona crassiflora, which obtained
the best results in WPM medium supplemented with 72.18-
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Figure 6. Morphological characteristics during the permanence of seeds of immature fruits of Platonia insignis in vitro in the
different treatments at 60 (a, b) and 75 DAI (c). Abbreviations: Ca — Cataphylls; Eo — Eophylls; Ep — Epicotyl; Lr — Lateral roots; Me
- Metaphylls; Ox — Oxidation; Ra - radicle; Sh — Shoot; Sm — Spongy mass; Yc - Yellowish calluses. Bars: 1 cm.

92.39 pM GAs and exhibited rooting and enhanced growth
when inoculated with MS medium containing 75.06- 86.61
UM GA3 and 10.74 pM ANA (Ribeiro et al., 2009).

It is important to emphasize that the seeds of Platonia
insignis are large and contain oils composed of saturated,
monounsaturated, and polyunsaturated fatty acids, which,
in turn, are indicative of a high concentration of reserves in
the seed (Fasciotti et al., 2020). These reserves are mobilized
during germination, providing energy for seedling formation.
Considering this, seeds in the presence of water,
temperature, and light probably already have the extrinsic
factors necessary for germination to the detriment of
regulators such as BAP and GAs. Therefore, the control
medium (agar plus distilled water) was considered sufficient
for seedling emergence.

Seeds inoculated in MS + 3 pM GAs3 were strongly negatively
affected. Rau et al. (2021) reported similar results for Psidium
cattleyanum submitted to 144.35 pM of GAs, significantly
reducing the germination index, rate, and average
germination time, indicating the existence of hormonal
changes that prevented or delayed germination. The effect of
exogenous GAs application on seed germination depends on
other factors such as the endogenous concentration of
abscisic acid (ABA) and other inhibitory compounds in the
seed (Gilroy and Jones 1994). Platonia insignis seeds are likely
to have high ABA concentrations, causing an antagonistic
relationship between ABA and GA, which determines seed
dormancy and germination. In the early stages of
development, seeds are highly sensitive to ABA but
minimally sensitive to GA, which favors dormancy over
germination; however, in later stages, ABA sensitivity
declines and GA sensitivity increases, favoring germination.
Simultaneously, seeds become progressively more sensitive
to environmental stimuli, such as light and temperature,
which can stimulate or inhibit germination (Yan and Chen
2020). Therefore, it is possible that germination was
inhibited.

The formation of spongy and yellowish calluses (Fig. 6c) in
Platonia insignis was observed in vitro at 45 and 60 DAI. The
same behavior was reported for other species, including
Eugenia involucrata (Golle et al. 2020), Hevea spp. (Silva et al.,
2021), and Satureja hortensis L. (Navroski et al., 2014). This
high concentration of endogenous auxins, possibly present in
the seeds, explains callogenesis induction, since spongy and
yellowish calluses form even in culture medium without
exogenous growth regulators.
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Oxidation negatively affects Platonia insignis seedlings.
Explant darkening caused by oxidation is an obstacle in the
in vitro culture of certain woody species, likely because of the
phenolic compounds released by tissues in response to
injury, high growth regulator concentrations in the culture
medium, and oxidation of polyphenols and quinines (Thomas
and Ravindra 1997). However, phenolic oxidation did not
compromise the establishment or germination of explants.
Sousa et al. (2007) studied Cattleya walkeriana and
Schomburgkia crispa seeds in culture media with and without
activated charcoal and found a higher germination
percentage in seeds inoculated with 0.1% activated charcoal,
which inhibited necrosis; indicating that the activated
charcoal in this study also contributed to reducing oxidation.
P. insignis seeds also exhibited morphological differences
between explant responses, such as the formation of spongy
and yellowish calluses. However, it has been argued that
calluses formed by soft spongy tissue are incapable of plant
regeneration or developing morphogenetic pathways (e.g.,
somatic embryogenesis or indirect organogenesis) (Nabors et
al., 1983).

Amorphous areas formed in some explants (Fig. 6b) and were
also observed in the in vitro germination of Byrsonima
intermedia, where contact between cotyledonary leaves and
the culture medium promoted cell multiplication,
compromising normal seedling development (Nogueira et al.,
2004). In Platonia insignis seeds, a hormonal balance is
believed to occur between high endogenous auxin
concentrations and the addition of cytokinins to the culture
medium. This composition may have favored intense cell
division, disorganized plant cell proliferation, and callus
formation instead of multiple shoots.

Materials and methods

Plant material

Immature Platonia insignis fruits with an average diameter of
78 mm, with the green coloring and average weigh of 204.63
g (Fig 1a) were collected from different mother plants in
Santa Luzia, in the municipality of Bacabeira, Maranhao
state (MA), Brazil (2° 58' 14" S and 44° 18' 32" W). After
collection, the samples were stored in polystyrene boxes and
transferred to the Plant Tissue and Cell Culture Laboratory
of Maranhao State University (LCT/UEMA) in Sdo Luis, MA.



Disinfestation, in vitro seed inoculation, and
treatments

The fruits were disinfected under laboratory conditions using
running water and neutral detergent, followed by immersion
in 70% (v/v) ethanol for 5 min and then 2% (v/v) commercial
sodium hypochlorite (NaClO) with one drop of 0.1% Tween-
20 (v/v) (Isofar Ltda®, Duque de Caxias, Rio de Janeiro, Brazil)
for 20 min.

The fruits were sectioned in a laminar flow chamber to
remove the pericarp (exocarp, mesocarp, and endocarp) and
to rescue the seeds (Fig. 1b). Seeds were disinfected in 70%
(v/v) ethanol for 1 min, followed by immersion in 2% (v/v)
commercial NaOCI for 3 min for three washes in autoclaved
distilled water for 1 min each.

The seeds were inoculated in glass flasks (350 mL) containing
50 mL of MS (Murashige and Skoog 1962); culture medium
(Phytotechnology Laboratories, LLC, Shawnee Mission, KS,
USA) supplemented with 30 g L7 sucrose (Isofar® Ltda,
Duque de Caxias, R}, Brazil), 100 mg L' myo-inositol (Sigma-
Aldrich Co, St Louis, MO, USA), 6.5 g L agar (Agargel
Industria e Comércio LTDA, Sao Paulo, SP, Brazil),and 3 g L
T of activated carbon (Sigma-Aldrich Co, St Louis, MO, USA).
The treatments consisted of agar + distilled water (control
treatment); MSO (no growth regulators); MS + 1 pM BAP;
MS + 2 pM BAP; MS + 3 pM BAP; MS + 1 pM GA3; MS + 2
pM GA3; and MS + 3 pM GAs. The pH of the media was
adjusted to 5.7 + 0.1 before autoclaving at 121 °C and 108 kPa
for 15 min. After inoculation the seeds were placed in a
growth chamber at 24 +2 °C, initially in the dark until shoot
emergence (approximately 7 to 15 days after inoculation
(DAI)), and then under 5 umol m2 s irradiance until 60 DAI,
when the follow parameters were assessed: germination (%),
seedling formations rate (%), shoot emergency (%), calluses
formation (%), calluses oxidation (%), and shoot and radicle
length (cm).

Variables analyzed

For the determination of germination (%) root protrusion
greater or equal to 3 mm were considered, while for seedling
rate (%) concomitant root and epicotyl with the presence of
cataphyll, both without morphological anomalies (e.g.,
atrophied root and epicotyl) were considered.

The percentage of callus formation (%) was determined by
counting the presence and absence of these amorphous
structures in the seeds, whereas oxidation (%) was
determined as follows: 0, no oxidized explants; 25%, up to %
oxidized; 50%, up to % oxidized; 75%, up to % oxidized; and
100%, completely oxidized explants.

Shoot length was determined by measuring the distance
from the collar region of the seedling to the apical bud,
whereas radicle length was measured from the region below
the seed to the apical bud.

Statistical analyses

The experiment was conducted following a completely
randomized design consisting of eight treatments [agar +
distilled water (control treatment); MSO0 (no growth
regulators); MS + 1 uM BAP; MS + 2 pM BAP; MS + 3 pM
BAP; MS + 1 pM GA3; MS + 2 pM GA3; and MS + 3 pM GA3]
with six replicates each and an experimental unit composed
of one seed per flask. All variables were subjected to analysis
of variance, and the means were compared using the SNK
test (P < 0.05) using the SISVAR software (Ferreira, 2011).

Conclusions

The medium with agar + distilled water resulted in high
germination, in line with longer shoots and roots. Thus,
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rescuing seeds from immature fruits and using this culture
medium is effective for in vitro germination and
establishment of Platonia insignis, in addition to having a low
cost. Our results can be used for micropropagation and in
vitro genetic conservation of this species, directly
contributing to a better characterization of the native
species.
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