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Abstract. A method for micropropagation of Conocarpus erectus through axillary shoot
proliferation is presented. Shoot tips were excised from adult donor tree and cultured for 4
weeks on Murashige and Skoog’s (MS) medium supplemented with 3 mg·LL1 gibberellic acid
(GA3) to induce sprouting of shoots and formation of axillary shoots.Conocarpus erectus shoots
were cultured for 6 weeks on MS medium supplemented with different concentrations and
combinations of plant growth regulators (PGRs) and proliferation of the shoots wasmonitored.
The type and concentration of cytokinins applied had a significant influence on shoot
proliferation responses. Supplementation with 6-benzylaminopurine (BAP) increased the rate
of shoot proliferation compared with other cytokinins. The use of BAP in combination with
auxins such as indole-3-butyric acid (IBA) and naphthalene acetic acid (NAA) resulted in an
increased number of shoots per explant compared with treatment with BAP alone. A
combination of 2 mg·LL1 BAP and 0.5 mg·LL1 IBA produced the highest number of axillary
shoots (7.8 shoots/explant). The best rooting medium was full-strength MS medium supple-
mentedwith 1mg·LL1 IBA; this treatment yielded 80%rootingwith an average of 3.5 roots per
plantlet. All regenerated plantlets were successfully acclimatized to greenhouse conditions.

The buttonwood tree or button man-
grove (C. erectus; Combretaceae) is an
evergreen tree that is capable of reaching

6–8 m with a crown spread of 6 m. The tree
has gray or brown bark, leathery-green
leaves, and greenish flowers in dense
cone-like heads in terminal panicles
(Bailey, 1976). This species is widely dis-
tributed in coastal communities in tropical
America and West Africa (Tomlinson,
1986) and has been introduced to several
other regions of the world. The tree is used
as a residential street tree, for hedging,
bonsai cultivation, and other landscaping
purposes because of its attractive bark and

soft foliage. The wood of C. erectus can be
used as a fuel for cooking (e.g., smoking
meats) and for production of charcoal, and
has the potential to be exploited as a farm
forestry tree for its fodder and timber uses
(Ellison and Farnsworth, 1996; Hernandez
and Espino, 1999). Pruning wastes from
the trees have also been used to manu-
facture wood reinforced cement composites
(Nasser et al., 2016). Addition of Conocar-
pus biochar to coarse-textured soils has
been reported to improve soil hydro-
properties (Ibrahim et al., 2017) and can
also be used as a soil amendment for re-
ducing heavy metal availability and uptake
by maize (Zea mays) plants (Al-Wabel
et al., 2015) and to enhance productivity
in tomatoes (Lycopersicon esculentum) in
salt-affected sandy soils under arid condi-
tions (Usman et al., 2016). Conocarpus
erectus has been used as traditional medi-
cine for diabetes, diarrhea, and fever (Irvin,
1961) and has antioxidative and antibacte-
rial properties (Abdel-Hameed et al., 2012;
Ayoub, 2010). The pharmacognostic char-
acteristics and biological activities of C.
erectus have been reviewed (Bashir et al.,
2015).

Conventional propagation of C. erectus is
achieved through cuttings (Bush and Morton,
1969), although it is feasible to use seeds.
However, although seed production may be
high, many of the seeds are aborted or
do not germinate (Tomlinson, 1986) and
seed viability has been estimated as <12%
(Hernandez and Espino, 1999; Kass et al.,
2007). During the dry season, fewer than 5%
of seeds germinated and only 1.6% of seed-
lings survived to flower after 25–28 months
(Hernandez and Espino, 1999). An alterna-
tive approach to propagate C. erectus might
be through tissue culture techniques that can
facilitate the rapid production of propagules
from species that are difficult to propagate
using conventional techniques. This ap-
proach has developed rapidly in recent years
and has been applied to a wide range of plant
species of importance to the horticultural
industry. Although C. erectus is of econom-
ical and medicinal importance, to our knowl-
edge, tissue culture techniques has not been
used to propagate this species. The aim of this
study was to develop in vitro propaga-
tion of C. erectus through axillary shoot
proliferation.

Materials and Methods

Plant material, surface disinfection, and
culture establishment. Shoot tips, 3–5 cm
long, were taken from adult buttonwood tree
(�10 year old) at the reproductive stage
(Fig. 1A). Explants were defoliated, washed
under running tap water, and dipped in an
antioxidant solution (1 g·L–1 ascorbic acid
and 0.5 g·L–1 citric acid) for 10 min. The
explants were then rinsed three times with
running tap water, disinfected for 6 min
in a 0.1% (v/v) mercuric chloride solution,
and then for 6 min in 20% (v/v) commer-
cial chlorox� (5.2% sodium hypochlorite)
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solution containing two to three drops of
Tween 20 (polyoxyethylene–sorbitan mono-
laurate). After rinsing three times with sterile
distilled water, the explants were cultured for 4
weeks on MS (Murashige and Skoog, 1962)
medium containing 3.0 mg·L–1 GA3 and 1 g·L–1

activated charcoal (Sigma-C6289; Sigma-Aldrich,
Poole, UK) for shoot proliferation; MS medium
without GA3 served as a control.

Culture conditions. All media were sup-
plemented with 3% (w/v) sucrose and
solidified with 0.8% (w/v) agar–agar.
Plant growth regulators were added before
autoclaving. The medium was adjusted to
pH 5.7 before autoclaving at 121 �C for
20 min. The cultures were incubated at
25 ± 2 �C under a 16-h photoperiod pro-
vided by cool-white fluorescent lights at
35 mmol·m–2·s–1 photosynthetic photon flux
density (PPFD).

Axillary shoot proliferation. Conocarpus
erectus axillary shoots (2–3 cm with three to
four nodes) were cultured on MS medium
supplemented with different concentrations
of BAP (0, 0.1, 0.5, 1, and 2 mg·L–1), kinetin

(0, 1, 2, 4, and 6 mg·L–1), thidiazuron (TDZ;
0, 0.1, 0.5, 1, and 1.5 mg·L–1), NAA (0, 0.1,
0.5, and 1.0 mg·L–1), and IBA (0, 0.1, 0.5,
and 1.0 mg·L–1). Shoot growth and prolifer-
ation responses in terms of number of
axillary shoots per explant, shoot length,
and fresh weight of whole explants were
recorded after 6 weeks of culture. All mea-
surements were obtained from 10 randomly
chosen shoots.

In vitro rooting and acclimatization.
Shoots (2–3 cm) were used for rooting in
full- or half-strength MS basal medium sup-
plemented with 0, 0.5, or 1.0 mg·L–1 IBA or
NAA. The effects of varying sucrose con-
centration (10, 30, and 50 g·L–1) and acti-
vated charcoal (0 and 1.5 g·L–1) on rooting
were also investigated. Rooting parameters
were recorded after 4 weeks in culture from
10 plantlets. The regenerated plantlets were
transplanted into culture plastic pots (10 cm
in diameter) filled with a sterilized mixture
of peatmoss and perlite (1:1). The plant-
lets were grown in a growth chamber for
4 weeks before transfer to the greenhouse.

The environment in the growth chamber was
adjusted to a 25 ± 2 �C air temperature, 50%
to 60% relative humidity, and 100 mmol·m–2·s–1

PPFD with a 16-h photoperiod using halide
lamps.

Experimental design and data analysis.
The experiments were performed using
a completely randomized design. Data on
rooting were expressed as percentages and
then arcsine transformed before analysis
(Compton, 1994). All data were subjected
to Duncan’s multiple range test and analysis
of variance using the SAS program Version
6.12 (SAS Institute, Inc., Cary, NC).

Results and Discussion

Establishment of C. erectus aseptic
culture. Oxidative browning was a major
problem during the initiation of culture of
C. erectus shoot tips (Fig. 1B). Tissue
browning occurs because of the accumula-
tion and subsequent oxidation of phenolic
compounds in the tissue and in the culture
medium (Krishna et al., 2008; Uchendu
et al., 2011). Oxidative browning causes
slow growth, low regeneration, and even-
tually leads to cell/tissue or plant death
(Krishna et al., 2008; Panaia et al., 2000)
and has been reported to hinder the estab-
lishment of cultures in several woody plant
species such as Platanus occidentalis (Tao
et al., 2007) and Arbutus unedo (El-
Mahrouk et al., 2010). In the present study,
soaking of explants in an antioxidant solu-
tion, the addition of activated charcoal to
the medium, and avoiding the use of etha-
nol during surface disinfection prevented
tissue browning (Fig. 1C; data not pre-
sented). Activated charcoal is an adsorbent
that binds phenolic compounds and renders
them less toxic (Thomas, 2008). The use of
antioxidant solutions has been employed to
reduce or prevent browning in plant tissue
cultures (Tao et al., 2007; Toth et al., 1994;
Uchendu et al., 2011). Conocarpus erectus

Fig. 1. Establishment of aseptic culture and shoot proliferation of Conocarpus erectus. (A) In situ C.
erectus tree, (B) oxidative browning, and (C) culture initiation after 1 week of culture on Murashige
and Skoog’s (MS) medium supplemented with 3mg·L–1 gibberellic acid; (D) shoot proliferation after 6
weeks of culture on MS medium supplemented with 2 mg·L–1 6-benzylaminopurine and 0.5 mg·L–1

indole-3-butyric acid and (E) abnormal morphology of proliferated shoots after 6 weeks of culture on
MS medium supplemented with 1.5 mg·L–1 TDZ.

Table 1. Effect of cytokinins type and concentration on axillary shoot proliferation and growth of Conocarpus erectus after 6 weeks in culture.

Cytokinins (mg·L–1) Shoots (no./explant) Shoot length (cm) Fresh wt per explant (g)

Murashige and Skoog’s without PGRs 1.0 ez 2.7 def 0.21 b
BAP
0.1 2.2 cd 3.2 abcd 0.46 b
0.5 2.7 bc 3.0 bcd 0.29 b
1.0 3.5 ab 3.6 ab 0.34 b
2.0 4.0 a 3.1 abcd 0.40 b

Kinetin
1.0 1.0 e 3.3 abc 0.28 b
2.0 1.0 e 3.4 abc 0.30 b
4.0 1.0 e 3.7 a 0.36 b
6.0 1.0 e 2.8 cde 0.22 b

TDZ
0.1 3.2 ab 2.4 ef 1.75 a
0.5 2.6 bcd 2.1 f 2.04 a
1.0 2.0 cd 2.3 ef 1.81 a
1.5 1.7 de 2.2 ef 1.86 a

Significance
Cytokinin type (CT) *** *** ***
Cytokinin concentration (CC) NS ** NS

CT · CC *** NS NS

zValues followed by the same letter in the same column are not significantly different at P # 0.05 level, according to Tukey’s range test.
NS, *, **, ***Not significant or significant at P # 0.05, 0.01, and 0.001, respectively.
PGRs = plant growth regulators; BAP = 6-benzylaminopurine; TDZ = thidiazuron.
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explants developed axillary shoots on MS
medium without PGRs but addition of 3
mg·L–1 GA3 accelerated their proliferation
and growth. The proliferating shoots were
healthier and had no browning compared
with shoots on medium without GA3 (data
not presented). GA3 has been reported to
regulate expression of the gene for phenyl-
alanine ammonia-lyase (PAL; EC 4.3.1.5)
and to reduce the activity of the PAL
enzyme; as a consequence, the addition of

GA3 to the medium was found to reduce
browning in Phalaenopsis tissue culture
(Zhou et al., 2009). A novel approach to
reduce oxidative browning was described
in culture of Artemisia annua through the
incorporation of an inhibitor of PAL activ-
ity, 2-aminoindan-2-phosphonic acid, into
the culture medium (Jones and Saxena,
2013).

Axillary shoot proliferation. Axillary
shoot proliferation, shoot length, and fresh

weight of C. erectus explants were signifi-
cantly influenced by cytokinins type and
concentration (Table 1; Fig. 1D and E).
Supplementation of medium with 1.0 and
2.0 mg·L–1 BAP induced the highest number
of axillary shoots (3.5 and 4 per explant,
respectively) compared with other treat-
ments. Kinetin did not stimulate shoot pro-
liferation. MS medium without PGRs had the
lowest number of shoots, smallest shoot
lengths, and lowest fresh weight per explants.
In general, BAP had a greater effect than
TDZ or kinetin for shoot proliferation,
whereas 4mg·L–1 kinetin resulted the greatest
shoot lengths (Table 1). The superiority of
BAP over other cytokinins for the induction
of shoot proliferation in culture has been
demonstrated previously in other woody
plant species, including Pittosporum napau-
lensis (Dhar et al., 2000) and Lessertia
frutescens (Shaik et al., 2010), and in other
members of the family Combretaceae such as
Terminalia arjuna (Pandey et al., 2006) and
Terminalia bellerica (Dangi et al., 2014).
Conocarpus erectus shoots cultured on me-
dium containing 0.1 mg·L–1 TDZ produced
an average of 3.2 shoots per explant; how-
ever, the rate of proliferation was re-
duced with increasing TDZ concentration
(Table 1). TDZ has been shown to be an
effective and potent synthetic cytokinin for
shoot organogenesis and morphogenesis in
many plant species, including woody plants
(Heutteman and Preece, 1993; Murthy et al.,
1998). However, in the present study, TDZ
was not effective for shoot proliferation in
C. erectus; indeed, abnormal morphology
and stunted growth was associated with all
TDZ treatments. Calluses also formed at the
base of proliferating shoots. TDZ has been
shown to be ineffective in plant species such
as Spathiphyllum cannifolium (Dewir et al.,
2006) and Fraxinus excelsior (Mitras et al.,
2009), i.e., it has species specific effects. The
abnormalities induced by TDZ depended on
the concentration and the duration of treat-
ment. Various BAP and IBA or NAA com-
binations were tested for induction of
axillary shoots (Fig. 2A–C), and the results
indicated that MS medium containing
2.0 mg·L–1 BAP and 0.5 mg·L–1 IBA had
the highest rate of shoot proliferation
(7.8 shoots per explant) compared with other
combinations. It has been reported that
combination of BAP and auxins may result
in a synergistic increase in shoot prolifera-
tion, as in woody plant species, including
T. arjuna (Pandey et al., 2006), A. unedo
(El-Mahrouk et al., 2010), and L. frutescens
(Shaik et al., 2010).

In vitro rooting and acclimatization.
Varying medium strength and auxin con-
centrations significantly influenced rooting
of C. erectus (Table 2). The best rooting
medium was full-strength MS supple-
mented with 1 mg·L–1 IBA; this treatment
induced root formation in 80% of the
explants with an average of 3.5 roots per
explant and an average root length of
5.9 cm (Table 2; Fig. 3A). No rooting oc-
curred in full-strength MS medium without

Fig. 2. Shoot proliferation and growth of Conocarpus erectus as affected by combination of 2 mg·L–1

6-benzylaminopurine (BAP) with indole-3-butyric acid (IBA) and naphthalene acetic acid (NAA) at
0.1, 0.5, and 1.0 mg·L–1 after 6 weeks in culture. (A) Number of shoots, (B) shoot length, and (C) fresh
weight.
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auxins, whereas half-strength MS medium
resulted in 20% rooting, indicating that
a reduced salt concentration stimulated
rooting. Improved rooting under reduced
salt concentrations has been suggested to be
due to the reduction in nitrogen content
rather than a change in osmotic potential
(Hyndman et al., 1982). Auxin type and
concentration significantly influenced the
rate of rooting, the average number of roots,
and explant fresh weight. Higher concen-
trations of auxins ($1 mg·L–1) proved un-
favorable to rooting because of callus
formation at shoot bases. Low rooting
ability is a limiting factor in the micro-
propagation of woody plant species (Dewir
et al., 2016; Nemeth, 1986). Our results
confirm previous findings on in vitro root-
ing of Parkia timoriana (Thangjam and
Sahoo, 2012) and Syzyigium cordatum
(Dewir et al., 2011) in which rooting was
dependent on medium strength, and the
type and concentration of auxins. In an
attempt to increase the rate of rooting in
C. erectus, different sucrose concentrations
and application of activated charcoal were
tested; none of the tested treatments in-
creased the rate of rooting (data not pre-
sented). A high sucrose level (5%) reduced
the rate of rooting (to 40%), whereas a 1%
sucrose concentration did not alter the rate
of rooting. The addition of activated char-
coal to the rooting medium did not increase
the rate of rooting; however, it did enhance
early root initiation, which was observed
after 7 d of culture (Fig. 3B; data not
presented). This effect of activated char-
coal might be a result of its ability to
irretrievably adsorb inhibitory compos-
ites in the culture medium (Thomas,
2008). Regenerated plantlets of C. erectus
were acclimatized to ex vitro conditions
(Fig. 3C).

In conclusion, an efficient micropropa-
gation protocol for C. erectus was devel-
oped. Tissue browning was overcome
through soaking of explants in antioxi-
dants solution, avoiding the use of ethanol
during surface disinfection, and the addi-
tion of 1 g·L–1 activated charcoal and

3 mg·L–1 GA3 to the initiation medium.
The highest rate of shoot proliferation (7.8
shoots per explant) was recorded in MS
medium with 2 mg·L–1 BAP and 0.5 mg·L–1

IBA. Root proliferation occurred in 80%
of explants in full-strength MS me-
dium supplemented with 1 mg·L–1 IBA
and successfully acclimatized to ex vitro
conditions.
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Fig. 3. In vitro rooting and acclimatization of Conocarpus erectus. (A) In vitro–rooted plantlet after 4
weeks of culture on Murashige and Skoog’s (MS) medium supplemented with 1 mg·L–1 indole-
3-butyric acid (IBA), (B) in vitro–rooted plantlet after 4 weeks of culture onMSmedium supplemented
with 1 mg·L–1 IBA and 1.5 g·L–1 activated charcoal, and (C) plantlet after 6-week acclimatization.
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