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Resumen
Hancornia speciosa Gomes belongs to the family 
Apocynaceae and is distributed across different re-
gions of Brazil. The objective of this study was to 
evaluate callus induction and histodifferentiation 
in five mangaba accessions under different in vitro 
culture conditions. Five acessions from the Acti-
ve Germplasm Bank of Mangaba (Embrapa, Brazil) 
were evaluated. In vitro-germinated plant seedlings 
were used for the excision of different explants (in-
ternode and node segments, and foliar section). The-
se segments were inoculated in a culture medium 
containing different concentrations of 6-Benzylami-
nopurine (BA) and 2,4-Dichlorophenoxyacetic acid 
(2,4-D). There was a significant effect of accessions, 
treatments, and time on the callus mass (g). There 
was no callus induction in the absence of regulators. 
After 60 days of in vitro culture, all treatments exhi-
bited a linear positive cellular growth. The highest 
callus mass was observed in the BI accession, in the 
presence of 22.62 µM 2,4-D and 11.10 µM BA. 
Keywords: in vitro tissue culture, cellular dedifferen-
tiation, mangaba.

Abstract
Hancornia speciosa Gomes pertenece a la familia 
Apocynaceae, distribuida en diferentes regiones de 
Brasil. El objetivo de este trabajo fue evaluar la callo-
génesis y la histodiferenciación en cinco accesiones 
de mangaba bajo diferentes condiciones de cultivo 
in vitro. Se evaluaron cinco accesiones del Banco de 
Germoplasma Activo de Mangaba (Embrapa, Brasil). 
Las plántulas germinadas in vitro se utilizaron para 
la escisión de explantes (segmentos nodales e inter-
nodales y secciones foliares). Estos segmentos fueron 
inoculados en un medio de cultivo que contenía dife-
rentes concentraciones de 6-benzilaminopurina (BA) 
y ácido 2,4-diclorofenoxiacético (2,4-D). Hubo un 
efecto significativo de las accesiones, los tratamientos 
y el tiempo del cultivo en la masa de los callos. No 
hubo inducción de callos en ausencia de reguladores. 
A los 60 días de cultivo in vitro, los otros tratamientos 
presentaron un crecimiento celular linear positivo. La 
mayor masa de callo se observó en la accesión BI, en 
presencia de 22,62 μM 2,4-D y 11,10 μM BA.
Palabras clave: cultivo de tejidos in vitro, desdiferen-
ciación celular, mangaba.
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INTRODUCTION

Native to Brazil, Hancornia speciosa Gomes is a 
fruitful species of the dicotyledonous group, which 
belongs to the Apocynaceae family (Silva et al., 
2017). The mangaba fruit exhibits great market po-
tential in the tropical fruit sector, due to its wide 
variety of products and byproducts. It also has nu-
tritional and pharmaceutical traits, such as a high 
vitamin C concentration (Santos et al., 2017). Mo-
reover, studies show that mangaba has a high an-
tioxidant activity (Rufino et al., 2009; Rufino et al., 
2010), potentially reducing the incidence of can-
cer, as well as of cardiovascular and cerebrovascu-
lar diseases. 

Plant tissue culture provides an alternative to 
the use of entire specimens to produce bioactive 
secondary metabolites, thus allowing for active 
environmental control, regardless of seasonal and 
geographical conditions (Cardoso et al., 2019).  
Alternatives to using plant material from natural re-
sources are important, and the application of plant 
tissue culture techniques offers opportunities for a 
sustainable access to natural products (Wawrosch 
& Zotchev, 2021). One of the possibilities for pro-
ducing valuable metabolites in vitro is the plant tis-
sue callus induction method (Grąbkowska et al., 
2016, Cardoso et al., 2019). 

Plant growth regulators play a vital role in plant 
growth and development. Thus, 2,4-D (2-4 Dichlo-
rophenoxyacetic acid), NAA (Naphthalene acetic 
acid), and other auxins are widely used for callus in-
duction (Akram & Aftab, 2016). Studies have recently 
reported the in vitro formation of calluses in H. spe-
ciosa, concluding that NAA and BA regulators are su-
perior for callogenesis induction when compared to 
others such as TDZ, IBA, and IAA (Prudente et al., 
2016; Oliveira et al., 2016). However, information 
on the callogenesis potential of different mangaba 
accessions is scarce. Understanding the growth dy-
namics of plant cells is crucial in order to manipulate 
all related parameters, so that the potential of plants 
can be fully utilized (Puad & Abdullah, 2018).

The main objective of this research was to eva-
luate different combinations of 2,4-dichlorophe-
noxyacetic acid and benzylaminopurine for the 
induction of calluses in five mangaba accessions, 
establishing growth curves and performing histolo-
gical analyzes.

MATERIAL AND METHODS

Location and plant material

Accessions from the Active Germplasm Bank 
of Mangaba, located in Itaporanga d’Ajuda, SE, 
Brazil (11°06'40''N and 37°11'15''E), were se-
lected, given this bank’s ability to provide both 
mature fruits and information on the loca-
tion of origin (Accessions: AB-Água Boa – Pa-
rá/0º46’31’’N; 48º31’05’’E; CA-Costa Azul 
– Bahia/11°33’32’’N; 47°47’06’’E; BI-Barra do 
Itariri –Bahia/11°48’39’’N; 37°36’40’’E; PT-India-
roba – Sergipe/11°31’10”N; 37°30’47”E; TC-Te-
rra Caída – Sergipe/11°46’31’’N; 37°30’47’’E). 
After harvesting the mature fruits of the selected 
accessions, they were pulped to obtain the seeds, 
which remained at room temperature for 24 
hours. In a flow chamber, the seeds were submit-
ted to asepsis with immersion in 70% alcohol for 
60 seconds and in 2-2.5% sodium hypochlorite 
for 15 minutes, as well as to triple washing in ste-
rile water. The sterile seeds were inoculated in an 
MS culture medium (Murashige & Skoog, 1962), 
with 30 g.L-1 sucrose and 3.5 g.L-1 Phytagel® (Ref. 
P8169, Sigma). The pH was adjusted to 5.8, and 
the medium was then autoclaved at 121 °C for 15 
minutes. Explants obtained from in vitro aseptic 
seedlings were used to induce callogenesis.

The experiments were carried out at the Plant 
Tissue Culture Laboratory of Embrapa Tabuleiros 
Costeiros, in Aracaju, SE, Brazil, and at the Elec-
tronic Microscopy and Ultrastructural Analysis La-
boratory of the Federal University of Lavras, MG, 
Brazil.
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Induction of callogenesis

After 45 days of seed inoculation, internode and 
node segments (1 cm long) and foliar sections of 
the central leaf zone (0.5 cm2) were excised from 
the in vitro seedlings. For callus induction, the in-
ternode and nodal segments were inoculated in a 
longitudinal position, and the foliar section with 
abaxial side in contact with the MS culture me-
dium. The medium was supplemented with 30 g.L-1 
sucrose and 3.5 g.L-1 Phytagel® (Ref. P8169, Sig-
ma) containing respectively different combinations 
of 2,4-dichlorophenoxyacetic acid (2,4-D-Ref. 
D7299, Sigma) and benzylaminopurine (BA-Ref. 
B3408, Sigma). The pH of the media was adjusted 
to 5.8 before autoclaving at 121 °C for 15 minutes.

The explants were weighed at 10, 20, 30, 40, 
and 60 days of in vitro culture, so the callus mass 
could be measured. The cultures were maintained 
in a growth room at 25±2 °C, in the absence of light 
to avoid phenolic exudation (Amente & Chimdessa, 
2021) throughout the experimental period.

The experiment was completely randomized; 
it employed a 5 (accessions) × 3 (explants) × 5 
(growth regulator treatments) × 5 (days) factorial 
design. Each treatment had four replicates, each 
containing one explant. The data were subjected 
to an analysis of variance, and a Scott–Knott test at 
5% probability was performed on the means of the 
qualitative treatments, which were also subjected 
to a regression analysis.

For the statistical analyses, due to the absence of 
callus formation in T0 and their high oxidation in 
T4 treatments, only three combinations of growth 
regulators were considered for callus mass (g) eva-
luation. The SISVAR statistical program (Ferreira, 
2019) was used.

Plotting the callus growth curves 

To determine the callus growth curves originating 
from internode, node, and leaf explants, explants 
were grown in a culture medium able to provide 
maximum callus production.

The calluses were weighed on a precision sca-
le, on the first day of inoculation (time 0) and then 
in 10-day intervals for 60 days, with three replica-
tes per evaluation time. Each replicate consisted of 
a Petri dish with four explants. The growth curve 
was plotted from the average of the three measu-
rements of fresh mass for each evaluation time (0, 
10, 20, 30, 40, and 60 days).

Histological studies

This study followed the methodology of Alves et 
al. (2008). For the histological test, callus samples 
from different accessions and types of explants 
(node, internode, and leaf segments) were used. 
The samples were kept in Karnovsky’s modified so-
lution (1965). Dehydration was performed using 
graded ethyl alcohol series. Then, the callus was in-
filtrated in pure resin and embedded in Leica® His-
toresin. The slides were analyzed under an optical 
microscope (Zeiss/Jenamed2, Germany), in which 
photomicrographs (Axiocam software, Zeiss, Ger-
many) of the prepared slides were obtained. 

The analysis of the callus samples under a 
scanning electron microscope also employed the 
methodology developed by Alves et al. (2008). 
To fix the samples, a glutaraldehyde (25%) (Ref. 
104239, Merck), paraformaldehyde (16%) (Ref. 
P6148, Sigma-Aldrich), sodium cacodylate buffer 
(0.2 M, pH 7.2) (Ref. C0250, Sigma), CaCl2 (0.1 
M) (Ref. C1016, Sigma-Aldrich), and distilled wa-
ter (Karnovsky, 1965 modified) solution was used. 
For the assays, the samples were washed in 0.05 M 
cacodylate buffer and post fixed in 1% osmium te-
troxide (Ref.251755, Sigma-Aldrich®). Afterwards, 
they were progressively dehydrated in acetone 
subjected to the critical point of CO2 desiccation 
in a BAL-TEC equipment, CPD-030 (Bal-Tec, Los 
Angeles, California, USA), fixed to a metallic su-
pport and covered with metallic gold (10 nm) 
(01O1003.01.AA, Synth ©) while using a BAL-TEC 
apparatus, SCD-050 (Bal-Tec, Los Angeles, Ca-
lifornia, USA). The sample was prepared, obser-
ved, and electromicrographed in a LEO EVO 40 
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XVP scanning electron microscope (Carl Zeiss AG, 
Germany).

RESULTS 

In vitro callus induction 

Regarding callus mass, a significant difference in 
interaction between the growth regulator treatment 
and the accession was observed. There was no sig-
nificant effect of the explant type on callus mass. 
Among the accessions studied, no statistical diffe-
rence was identified.

Callus fresh mass had a linear and positive be-
havior with respect to all factors combined. There 
was a greater mass increase over time in the 45.25 

µM 2,4-D and 11.10 µM BA (T3) combination for 
all accessions (Table 1). The highest callus mass 
was observed in the BI accession at 60 days, in the 
presence of 22.62 µM 2,4-D and 11.10 µM BA. 
Under the same conditions, BI had a callus mass 
of approximately 1.4 g, in comparison with 0.1 g 
in the AB accession. In all treatments, a friable ca-
llus of light-yellow color was observed at all eva-
luation times. 

Callus growth curve 

To plot the callus growth curve from different explants 
(leaf, node, and internode segments) evaluated for 
up to 60 days of in vitro culture, samples induced 
in the presence of 45.25 µM 2,4-D + 22.20 µM BA 
were used, as well as accessions with the greatest 

Table 1. Effect of growth regulators on the formation of fresh callus mass (g) in mangaba accessions at 10, 20, 30, 
40, and 60 days of in vitro culture. (T1) 4.52 µM 2,4-D + 2.22 µM BA; (T2) 22.62 µM 2,4-D + 11.10 µM BA; (T3) 
45.25 µM 2,4-D + 22.20 µM BA. Accessions: Água Boa (AB); Barra do Itariri (BI); Costa Azul (CA); Pontal (PT); Terra 
Caída (TC).

Days 10 20 30 40 60 Regression equation

AB
T1 0.0158b 0.0742b 0.1350b 0.2375a 0.2983a ŷ** =0.0059x – 0.0369; R²= 0.9638
T2 0.0192a 0.0383a 0.0925a 0.1283a 0.1583a ŷ** = 0.003x – 0.0077; R² = 0.9453
T3 0.0442d 0.1108d 0.2400c 0.4425b 0.8450a ŷ** = 0.0165x – 0.1915; R² = 0.9696
BI
T1 0.0300c 0.0567c 0.1558b 0.2383b 0.4317a ŷ = 0.0083x - 0.0843; R² = 0.9801
T2 0.0200c 0.0575c 0.1767b 0.3208b 0.6250a ŷ* = 0.0126x - 0.1618; R² = 0.9703
T3 0.0292d 0.1283d 0.4225c 0.7858b 1.2950a ŷ* = 0.0267x - 0.3223; R² = 0.9822
CA
T1 0.0250a 0.0500a 0.0816a 0.1475a 0.2125a ŷ** = 0.0039x - 0.0224; R² = 0.9803
T2 0.0233b 0.0491b 0.0850b 0.1425b 0.3116a ŷ** = 0.0058x - 0.0635; R² = 0.9450
T3 0.0408d 0.1266d 03041c 0.5333b 0.8350a ŷ** = 0.0166x - 0.1644; R² = 0.9874
PT
T1 0.0150b 0.0491b 0.0800b 0.1150b 0.2783a ŷ** = 0.0052x - 0.0576; R² = 0.9384
T2 0.0250c 0.0433c 0.1266b 0.1983b 0.4941a ŷ** = 0.0065x - 0.0487; R² = 0.9223
T3 0.0108b 0.0450b 0.2083a 0.2116a 0.3183a ŷ** = 0.0099x - 0.1426; R² = 0.9480
TC
T1 0.0252a 0.0400a 0.0625a 0.0733a 0.1258a ŷ** = 0.002x - 0.0002; R² = 0.9861
T2 0.0208b 0.0308b 0.0683b 0.1433a 0.2066a ŷ** = 0.004x - 0.0351; R² = 0.9577
T3 0.0358d 0.0891d 0.2716c 0.4125b 0.7541a ŷ** = 0.004x - 0.0351; R² = 0.9577

* Means followed by the same lowercase letters did not differ from each other in the Scott–Knott test (p<0.05). * Significance:  
p < 0.05. CV(%) 90.58
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contribution to the accumulation of callus fresh 
mass (Table 1) as absolute values. Different stages 
of growth in induced callogenesis were evaluated 
in different explants during the 60 days of culture 
(Figure 1).

There is a difference in the callus mass be-
tween the evaluated explant types. In all the stu-
died accessions, the node explant had a greater 
callus mass formation. In the AB, BI, CA, PT, and 
TC accessions, phases I (10 to 20 days), II (20 to 40 

days), and III (40 to 60 days) were reached within 
the same experimental periods. The stationary and 
decline or deceleration phases were not observed 
until 60 days had passed.

Histological analysis

The callus observed in all treatments were fria-
ble and yellowish and had increasing mass incre-
ments (g). The following morphological structures 
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Figure 1. Callus growth in mangaba explants (Leaf ♦, Node ■, and Internode ▲) of AB, BI, CA, PT, and TC 
accessions in an MS medium with 45.25 µM 2,4-D + 22.20 µM BA at 10, 20, 30, 40, and 60 days of culture. I - 
Lag phase, II - Exponential phase and III - Linear phase. Accessions: Água Boa (AB); Barra do Itariri (BI); Costa Azul 
(CA); Pontal (PT); Terra Caída (TC).
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cells (sac) – formed by small and isodiametric 
cells; small scattered (sc) cells – comprised of 
small, dispersed cells; and vascular bundle (vb) 
– an anatomical structure of the stem. Cells in de-
differentiation were observed in all the studied 
accessions. 

were observed in BI accession, which are also 
identified in Figure 2: round agglomerated cells 
(rac) – rounded cells, dispersed or associated with 
agglomerated cells; agglomerated elongated cells 
(aec) – elongated cells, dispersed or associated 
with cellular agglomerations; small agglomerated 

Figure 2. Anatomical structures in different mangaba in vitro cultures after 30 days in an MS medium supplemented with 
45.25 µM 2,4-D + 22.20 µM BA. (A) foliar AB; (B) internode AB; (C) node AB; (D) foliar BI; (E) internode BI; (F) node 
BI; (G) foliar CA; (H) internode CA; (I) node CA; (J) foliar PT; (K) internode PT; (L) node PT; (M) foliar TC; (N) internode 
TC; (O) node TC. Bar 100 μm. Type: (rac) round agglomerated cells, rounded cells dispersed or associated with cellular 
clusters; (aec) agglomerated elongated cells, elongated cells dispersed or associated with cell agglomerates; (sac) small, 
agglomerated cells, small and isodiametric cells, forming agglomerates; (sc) small scattered, formed by small and 
dispersed cells; (vb) vascular bundle, structure of the vascular bundle of the stem. Accessions: Água Boa (AB); Barra do 
Itariri (BI); Costa Azul (CA); Pontal (PT); Terra Caída (TC).
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In the leaf segment, rac and aec cells were ob-
served (Figure 2D). The callus from the node seg-
ment (Figure 2E) had sac cells and a vb anatomical 
structure, with the beginning of dedifferentiated 
cell formation. This type of cell was also observed 
in all studied accessions of H. speciosa. Regarding 
the formation of callus from internode segments 
(Figure 2E, N), there was an initial development of 
dedifferentiated cells, and it was possible to iden-
tify the other anatomical structures present in the 
plant stem area. The callus exhibited a similar pig-
mentation and consistency across accessions, des-
pite the fact that different treatments modified the 
yellow coloration intensity.

DISCUSSION

In vitro callus induction 

In vitro callus induction depends on several biotic 
and abiotic factors such as culture medium com-
position, plant growth regulators, sucrose com-
positions, pH, and incubation conditions. These 
factors may influence the induction potential and 
morphology of callogenesis (Osman et al., 2016). 
Callus induction from different explants of Man-
devilla guanabarica (Apocynaceae) (apical meris-
tems, leaf, node segments, internode segments, 
roots, and epicotyl and hypocotyl) was performed 
by Cordeiro et al. (2014), who evaluated cell deve-
lopment in different explants and culture medium 
conditions. Their study is a good reference for the 
selection of the explants and growth regulators 
able to induce higher callus growth rates. 

Mustafa et al. (2011) reported that friable ca-
llus is mainly used for cells under suspension and 
for the study of metabolites, given that, in a cultu-
re medium, the cells rapidly divide and disperse. 
Auxins are capable of initiating cell division and 
controlling the processes of cell growth and elon-
gation (Perrot-Rechenmann, 2010). The combina-
tion of endogenous phytohormones and 7.74 µM 

2,4-D in a WPM culture medium stimulated the 
cell division of H. speciosa parenchyma regions, 
forming callus from internode segments (Prudente 
et al., 2016). Callus induced from the leaf, young 
stem, and shoot tip of Melientha suavis Pierre were 
observed by Premjet et al. (2020) in an MS basal 
medium supplemented with various formulations 
of 2,4-D and 6-BA. Another promising auxin in the 
induction of callus in species of the family Apo-
cynaceae is NAA. Studies with the apical parts 
of Rauwolfia serpentina L. in MS media enriched 
with NAA resulted in excellent callus development 
(Varnika et al., 2020). The balance between auxin 
and cytokinin fosters a greater callus mass in diffe-
rent segments of the plant. The color and texture 
of the callus varied depending on the type of ex-
plants, as well as on the concentrations of growth 
regulators used in both media (Das et al., 2018). 
Therefore, more studies are needed to define the 
growth regulator.

Callus growth curve 

Callus growth curves have five phases: lag (I), ex-
ponential (II), linear (III), stationary (IV), and dece-
leration (V) (Bathia et al., 2015). In the AB, BI, CA, 
PT, and TC accessions, phases I (10 to 20 days), II 
(20 to 40 days), and III (40 to 60 days) were rea-
ched within the same experimental periods. The 
stationary and decline or deceleration phases were 
not observed until 60 days had gone by. Thus, de-
termining the in vitro callus growth curve is impor-
tant for understanding the time of maximum mass 
increment (in days). 

In studies with Aspidosperma cylindrocarpon 
(Apocynaceae), cell suspension cultures showed 
a four-day growth lag phase for 15 days, and, af-
ter 20 days, the cells showed a stationary grow-
th (Cornelio, 2018). The growth acceleration of 
Bletilla striata callus started after seven days, gra-
dually decreasing thereafter until day 24 of the 
cultivation period (Pan et al., 2020). This result is 
an important contribution to in vitro studies on 
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mangaba cell suspensions, and it indicates the 
high induction and proliferation capacity of in vi-
tro callus mass over long periods of time.

Histological analysis

All studied cell types are more likely to form em-
bryogenic callus in Byrsonima verbascifolia (Mal-
pighiaceae) (Chiavegatto et al., 2015). Oliveira et 
al. (2016) also observed the formation of friable ca-
lluses on the basis of node segments with variation 
in callus pigmentation as a function of the growth 
regulator concentration. H. speciosa callus culti-
vated in WPM media in the presence of BA and 
2,4-D were friable and easy to dissociate, and they 
initially exhibited a white coloration (Prudente et 
al., 2016).

In histological studies on callus of Asteracantha 
longifolia Nees, Kumar and Nandi (2015) observed 
that the meristematic regions were formed by sma-
ll cells with densely agglomerated nuclei. These 
aec-like cell structures were observed in this re-
search when inducing callus in the node segment 
of the PT accession (Figures B and C). Bhagya and 
Chandrashekar (2013) detected the initial forma-
tion of callus from the exchange region of C. pelta-
ta stems, with disorganized cells arranged around 
a prominent nucleus. The results obtained in this 
work for H. speciosa are important due to the lack 
of studies on callogenesis and histology in different 
accessions.

CONCLUSIONS

After 60 days of in vitro culture, all treatments ex-
hibited a linear positive cellular growth. The BI ac-
cession showed the maximum increase in callus 
mass in the presence of 22.62 µM 2,4-D and 11.10 
µM BA. The callus mass from the foliar section and 
the node and internode segments in the MS me-
dium with 45.25 µM 2,4-D + 5.0 mg.L-1 BA indu-
ced morphological alterations in the AB, BI, CA, 
TC, and PT accessions. 
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