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a  b  s  t  r  a  c  t

This  work  describes  the  establishment  of  procedures  to  induce  in  vitro  callogenesis  from  Poincianella
pyramidalis  (Tul.)  L. P. Queiroz,  Fabaceae,  explants.  Nodal,  internodal  and  leaf  segments  were  iso-
lated  from  in  vitro  germinated  seedlings  and  cultured  in  MS medium  with  0,  2.5,  5  and  10  mg  l−1 of
2,4-dichlorophenoxyacetic  acid.  After  30 days,  the  explants  with  induced  callus  showed  a  quadratic
response  for the  segments  nodal,  internodal  and  leaf,  with  increasing  the  callus  formation  in 2,4-
dichlorophenoxyacetic  acid  concentrations  of 6.28,  6.49  and  4.91  mg  l−1, respectively.  In  30  days  there  was
a linear  oxidation  rise  with  the  increase  to the  2,4-dichlorophenoxyacetic  acid.  After  60  days,  oxidation
values  were  minimum,  at 2,4-dichlorophenoxyacetic  acid  concentrations  of  5.13  mg l−1 (internodal)  and
3.98 mg l−1 (leaf).  The  highest  callus  production  was  observed  after  30 days  in  the presence  of  6.09  mg l−1,
5.82  mg l−1 and  4.91  mg  l−1 of 2,4-dichlorophenoxyacetic  acid  in  nodal,  internodal  and  leaf  segments,

respectively.  After 60 days  these  segments  showed  peaks  of  production  at 7.0 mg  l−1 (nodal),  6.15  mg l−1

(internodal)  and  5.08  mg  l−1 (leaf)  of  2,4-dichlorophenoxyacetic  acid.  For  callus  induction  the  intake  of
2,4-dichlorophenoxyacetic  acid  was  essential.  The  greater  intensity  in callus  formation  was  observed  in
4.91 mg l−1 in  leaf  segments  after  30  days.
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Poincianella pyramidalis (Tul.) L. P. Queiroz, Fabaceae, botan-
cal synonymous of Caesalpinia pyramidalis Tul., is an endemic
ree occurring in Brazilian north and northeastern regions. It is
n endemic plant of the “Caatinga” biome where it is known by
everal common names such as “pau-de-rato”, “catinga-de-porco”,
catingueira”, among others, and it is widely used in folk medicine
n the treatment of catarrhal infections, diarrhea, hepatitis and ane-

ia  (Silva et al., 2013). This species is a fast growing plant after the
ry season and with good potential for regrowth, being attractive
or the first and second phases of mixed reforestation of damaged
rea (Maia, 2012).

The leaves, roots and barks are rich in bioactive biflavonoids,
avonoids and gallic acid (Bahia et al., 2005; deOliveira et al.,

016a). Besides, previous studies on this species showed that the
xtract exhibited molluscicide, antimicrobial, anti-inflammatory
nd antinociceptive activities (deOliveira et al., 2016b).

∗ Corresponding author.
E-mail: juceni@ufba.br (J.P. David).
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This species propagates by seed and its reproduction has been
hampered by inadequate practice of extractive use, since its leaves,
flowers and stem bark are frequently used in folk medicine and
also as wood for various purposes even as charcoal by locals
(Maia, 2012). So, plant cell culture prospections provides alterna-
tive approaches which may  be attractive when the plant is difficult
to cultivate, produces significant bioactive compounds and, in some
cases, mass cultivation of the source plant may  not be possible due
to environmental, ecological or climatic conditions may  limit the
cultivation processes. Depending on the nature of the plant, extrac-
tion of secondary metabolites directly from cultivated plant tissue
may  be an option. In this context, the callus cultures are the first
stage in plant biomass cultivation processes (Yesil-Celiktas et al.,
2010).

So, the development of techniques of micropropagation is
important to species reproduction and also for production of bioac-
tive compounds from callus. In this way, the use of auxins, such
as 2,4-dichlorophenoxyacetic (2,4-D), are generally the most rec-

ommended compound for increasing of production of secondary
metabolites. This is a synthetic auxin most commonly used for cal-
lus induction, the most active auxin and can replace the indolacetic
acid natural auxin (IAA) in culture media because the latter is
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apidly oxidized. The callus with different growth rates and dif-
erentiation levels (friable, compact) may  differ in the ability to
ynthesize bioactive compounds (Navroski et al., 2012).

Even today, studies dealing with in vitro morphogenesis of
razilian native tree species are scarce (Oliveira et al., 2013) and

or there are no previously reports with P. pyramidalis, only Poin-
ianella echinata Lam and P. bonduc (L.) Roxb have been studied with
his purpose (Werner et al., 2009, 2010; Cheruvathur et al., 2010;
ilva et al., 2013). Thus, this study aimed to establish in vitro callus
nduction in P. pyramidalis explants targeting in vitro production
rotocol.

aterials and methods

lant material

The seeds of Poincianella pyramidalis (Tul.) L. P. Queiroz,
abaceae, were collected from native plants growing nearby the
R 110 highway at km 22, Jeremoabo-BA, Brazil (−10◦04′33.80′′ S,
38◦20′28.00′′ W)  and they are kept at room temperature into
rown paper.

n vitro germination of seeds of Poincianella pyramidalis

The seeds were cleaned with 70% alcohol for 1 min  in laminar
ow chamber, sequentially they were also treated with commercial
0% sodium hypochlorite solution for 8 min  under stirring and then
ashed three times with sterile distilled water. Then, they are inoc-
lated in test tubes containing 20 ml  of MS  medium (Murashige and
koog, 1962) supplemented with 30 g l−1 sucrose and 7% agar. The
H of medium was adjusted to 5.8 before autoclaving at 120 ◦C for
0 min. After inoculation, the seeds were kept in a growth chamber
t temperature of 25 ± 2 ◦C, in 16 h photoperiod, with light intensity
f 50 �mol−2 m−2 s−1 obtained by cool white fluorescent lamps.

allus induction

After 45 days of in vitro germination the explants used for
he study of 2,4-D effects on callus induction were nodal, intern-
dal and leaf segments of seedlings. In laminar flow chamber,
hey were cut and inoculated in sterile and disposable Petri
ishes (90 mm × 15 mm)  containing 20 ml  MS  medium, supple-
ented with 30 g l−1 of sucrose and 5 g l−1 of agar. The 2,4-D

2,4-dichlorophenoxyacetic) was added to culture medium at con-
entrations of 0, 2.5, 5 and 10 mg  l−1. Then, the cultures were

aintained in a growth room at temperature of 25 ± 2 ◦C in absence

f light for 60 days. At 30 and 60 days after inoculation, the oxida-
ion by means of a set rating scale based on percentage of explants
ith oxidation area was evaluated (grades 1: 0%; 2: 0–25%; 3:
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Fig. 1. Callus oxidation in Poincianella pyramidalis nodal, internoda
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25–50%; 4: 50–75%; 5: 75–100%) and the responsive explants per-
centage for callus formation by a rating scale based defined on the
percentage of callus explant induction area (grades 1: 0; 2: 25–50%;
3: 50–75% and 4: 75–100%).

The experimental design was completely randomized in a 3 × 4
factorial scheme, three types of explants (nodal, internodal and
leaf) and four 2,4-D concentrations, totaling 12 treatments with
six replicates with four explants each.

Statistical analysis

The data were subjected to analysis of variance (ANOVA) and
the means of the quantitative treatments evaluated by regression,
with the Sisvar Statistical Analysis Program (Ferreira, 2011). Data
expressed as percentages were previously processed according to
arcsine (×/100)0.5.

Results and discussion

According to variance analysis was a significant interaction
(p < 0.05) between the 2,4-D concentration and types of segments
regardless of evaluation period, for all variables, except for the
callus oxidation at 30 days culture where only 2,4-D showed a
significant effect.

Regarding the callus oxidation percentage at 30 days of in vitro
culture a positive linear correlation was  observed with the increase
of amounts of 2,4-D, with a significant increase in concentration of
10 mg  l−1 (3.66%) as shown in Fig. 1A. There was a quadratic behav-
ior callus oxidation percentage at 60 days depending on the 2,4-D
concentrations (Fig. 1B) in which the results for the nodal segments
were not significant. However, internodal and leaf segments had
the minimum oxidation values with 5.13 and 3.98 mg l−1 of 2,4-
D, respectively. The absence of antioxidants in culture medium and
the presence of oxidation did not inhibit callus induction in all 2,4-D
concentrations for callus of P. pyramidalis.

The occurrence of oxidation in woody plant cultures is a com-
mon  problem (Jaskani et al., 2008), which also affects the experi-
ments with P. pyramidalis in both characteristics, the incidence and
the intensity of explant type used. However, in this study, despite
the oxidation explants variation, there is no limitation to callus
development with 2.5 and 5.0 mg  l−1 of 2,4-D. The callus induction
in segments started among 7 and 21 days after inoculation and a
formation of compact friable callus with a few areas was  observed
(Fig. 2). The scanning electron microscopy of the callus induction
in nodal segments indicated small cells with a yellow color, char-

acteristic of compact consistence callus. It also indicated rounded
and nearby cells (Fig. 2B). The morphology of embryogenic and non-
embryogenic callus were similar and they commonly are modified
over time and change of growth regulators (Ribeiro et al., 2012).
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Fig. 2. (A) Appearance of compact callus formation with few friable areas of Poincianella pyramidalis at in vitro culture of 60 days; (B) Scanning electron micrograph showing
P.  pyramidalis calli. Bars (A) 0.5 cm,  (B) 100 �m.  Photos: Kicia Gomes-Copeland (A) Caroline Machado (B).
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ays  after inoculation.

There was no evidence of callus formation in the absence of
,4-D (Fig. 3A and B). After 30 days of in vitro culture, the percent-
ge of explants with callus induction showed a quadratic behavior
or all segments (intermodal, nodal and leaf) with increase in cal-
us formation in 2,4-D concentration of 6.28 mg  l−1; 6.49 mg  l−1,
nd 4.91 mg  l−1, respectively. Nevertheless, from these values, all

amples showed a decrease for this variable (Fig. 3A). At day 60
Fig. 3B) the behavior was similar, where the nodal, internodal and
eaf segments kept continued on callus formation until 7.04 mg  l−1,

ynodal = –0,0406x2∗∗ 
+ 0,4947x∗∗ - 0,0417

R² = 0,9812

yinternodal =  –0,0429x2∗∗
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Fig. 4. Callus formation intensity notes in Poincianella pyramidalis nodal, inte
sive to callus intensity in the presence of 2,4-D concentration of 30 (A) and 60 (B)

4.92 mg  l−1 and 5.03 mg  l−1 of 2,4-D, respectively, with a further
decrease in callus formation.

However, from certain concentrations the auxins may  have phy-
totoxic effects such as seen in Fig. 3A and B, inhibiting the callus
formation, since the plant material used was originated from in vitro
germinated seedlings provided the greater sensitivity to low con-

centrations 2,4-D due to the endogenous levels of auxin (Silva et al.,
2013).
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da calogênese do Pau-brasil (Caesalpinia echinata Lam.). Acta Bot. Bras. 24,
28 K.K. Gomes-Copeland et al. / Revista Bra

The callus formation intensity shown a significant interaction
etween explants and 2,4-D concentrations at 30 and 60 days after

noculation after the quadratic curve adjustments. Fig. 4A shows
hat the maximum callus induction was with 2,4-D concentrations
f 6.09, 5.82 and 4.91 mg  l−1 in the nodal, internodal and leaf seg-
ents, respectively. From these values was noticed a callous mass

ecrease, especially in leaf explants with 10 mg  l−1 of 2,4-D. Proba-
ly the high auxin concentration in the culture medium promoted

 greater oxidation and tissue death due to the presence of high
henolic compounds concentrations that oxidize and deteriorate
he plant material (Payghamzadeh and Kazemitabar, 2011).

After 60 days, the nodal, internodal and leaf segments had
roducing callus peaks in 2,4-D concentrations of 7.0, 6.15 and
.08 mg  l−1, respectively. A decrease in the production of callus on
oliar compared to 30 days after inoculation was observed increased
,4-D concentrations for callus induction at 60 days after inocu-

ation (Fig. 4B). The foliar segment had higher intensity of callus
ormation at 30 days and the internodal at 60 days.

These findings are understandable since there are differences in
egments development regarding in vitro morphogenetic process.
revious works reported that the choice of medium, explant type,
nd subsequent callus type strongly influenced plant regeneration
ates (Monfort et al., 2012; Perera et al., 2015).

It is noteworthy that there is no work involving in vitro cal-
us formation for the P. pyramidalis, just for the same genus and,
till have different physiological behaviors, but corroborating each
ther. Our results contribute for further studies since it confirms
he 2,4-D effects on “catingueira” callus production.

onclusions

The 2,4-dichlorophenoxyacetic induce callus on nodal, leaf and
nternodal explants of P. pyramidalis. The 6.28, 6.49 and 4.91 mg  l−1

oncentrations of 2,4-D in nodal, internodal and leaf segments,
espectively, induced at 30 days the highest callus formation. The
resence of 10 mg  l−1 2,4-D increased the callus oxidation after 30
ays of in vitro culture. However the higher callus formation in leaf
xplant occurring in the presence of 4.91 mg  l−1 2,4-D at 30 days of
n vitro culture. These findings are indicative the method employed
s adequate for micropropagation of this Brazilian medicinal plant.
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