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Abstract. This article describes the performance of nodal segments from Habanero
pepper (Capsicum. chinense) during shoot induction and elongation under different
semisolid and liquid culture conditions with various degrees of ventilation in which they
were exposed to different levels of immersion and growth regulators. The ethylene
content in non-ventilated containers, the age of the explant donor plants as well as the
effect of thidiazuron and paclobutrazol on shoot induction and of gibberellic acid and
AgNO3 on shoot elongation were also evaluated. A temporary immersion bioreactor
(BioMINT�) was used for the multiplication and elongation of isolated shoots with very
good results. We report an efficient protocol for the in vitro propagation of Habanero
pepper that produces plants with a high survival rate when transplanted to soil.

Habanero pepper (Capsicum chinense) is
an important horticultural crop in the south-
east of Mexico. Although other Solanaceae
members easily undergo morphogenesis in
vitro, the species of the genus Capsicum sp.
are highly recalcitrant. Recalcitrance, the
inability of plant cells, tissues, and organs
to respond to tissue culture (Benson, 2000),
can occur at any stage of a culture process
and as yet, very little is known regarding its
causal factors. The success of a plant bio-
technology project can largely depend on the
ability to regenerate whole plants from in
vitro cultures. A few common observations
in Capsicum regeneration include formation
of profuse leafy structure instead of shoot
buds, shoot buds that do not elongate (see,
e.g., Hyde and Phillips, 1996), or induction
of somatic embryos that fail to germinate
(Steinitz et al., 2003). Several attempts have
been made to achieve plant regeneration from
different explants: shoot tips (Christopher

and Rajam, 1994), rooted hypocotyls (Valera-
Montero and Ochoa-Alejo, 1992), leaf, stem,
hypocotyls, cotyledons, roots, shoot tips and
zygotic embryos (Agrawal et al., 1989), and
induced somatic embryogenesis (Binzel
et al., 1996; Buyucalaka and Mavituna,
1996; Kintzios et al., 2000; López-Puc
et al., 2006; Zapata-Castillo et al., 2007).
Most of them have shown that plant regen-
eration in chili pepper is severely limited
(Franck-Duchenne et al., 1998; Santana-
Buzzy et al., 2006; Steinitz et al., 1999).

Tissue culture responses are influenced by
three main factors: ‘‘whole plant’’ physiol-
ogy of the donor, in vitro manipulations, and
in vitro plant stress physiology (Benson,
2000). The culture environment per se may
provoke stress responses that promote re-
calcitrance (Benson, 2000). The production
of ethylene by plant tissue cultures has re-
ceived considerable attention as a possible
factor in culture recalcitrance. Tissue culture
can promote inhibitory interactive effects
between exogenous and endogenous hormones,
and recalcitrance can be associated with the
overproduction and accumulation of ethylene
in the culture vessel. Ethylene is involved in

many morphogenetic responses (for a review,
see Kumar et al., 1998) because it can both
promote and inhibit in vitro morphogenesis.

Recently, Santana-Buzzy et al. (2005,
2006) reported the ethylene effects on ex-
plants of Habanero pepper during shoot in-
duction; both studies gave evidence of the
high sensibility of this species to the accu-
mulation of ethylene in culture containers. In
this species (C. chinense) also were reported
two efficient somatic embryogenesis proto-
cols from hypocotyls, direct and indirectly
(López-Puc et al., 2006) and indirectly
(Zapata-Castillo et al., 2007). Sanatombi
and Sharma (2008) reported the proliferation
of multiple shoot buds from shoot-tip ex-
plants. However, the low frequency of elon-
gated shoots and somatic embryos converted
to whole plants continues to occupy the
attention of groups involved in investigations
on the species of this genus. The aim of this
study was to evaluate the effect of the age of
the explant, the composition of the culture
medium, and a temporary immersion culture
system on shoot proliferation and elongation.

Material and Methods

Explant source. Seeds of the cultivar RPS
(red type) of Habanero pepper (Capsicum
chinense Jacq.) were first submerged in etha-
nol at 70% (v/v) for 5 min and subsequently in
a solution of commercial sodium hypochlorite
(Cloralex�, 6% a. i.; Distribuidora Alen S.A.
de C V., Santa Catarina Nuevo León, México)
diluted to 30% (v/v) for 15 min with constant
stirring. The seeds were then rinsed three
times with sterile distilled water. For germi-
nation, the seeds were placed in baby food jars
containing 20 mL of Murashige and Skoog
(MS) (Murashige and Skoog, 1962) medium
supplemented with 1.15 mM gibberellic acid
(GA3). The medium was solidified with 0.22%
(w/v) Gelrite� (Applied Bioscience Consul-
tants and Distributor, Mumbai, India) and
adjusted to pH 5.7 before sterilization in an
autoclave. The jars were covered with propyl-
ene lids and incubated in darkness at 25 ± 2 �C.
On germination, plantlets were transferred
to the same MS medium without growth
regulators. Photoperiod was 16 h light (40 to
50 mmol�m–2�s–1) at 25 ± 2 �C. These plants
were used as a source of explants for all
the experiments and, unless specified, they
were cultured on semisolid media at 25 ± 2 �C
with a photoperiod of 16 h light (40 to 50
mmol�m–2�s–1).

Effect of culture conditions on shoot
formation. Nodal segments from 60 to 65-d-
old in vitro-grown plants were cultured in
liquid MS medium supplemented with 3.4
mM of thidiazuron (TDZ) (40 mL of medium
per flask). The treatments evaluated were: 1)
totally submerged explants in liquid medium
shaking flasks at 100 rpm with rubber stop-
pers; 2) partially submerged explants in
liquid medium at rest using a 0.5-cm thick
piece of polyurethane (sponge) as a support
placed at the bottom of each flask; and 3) on
a support explants in contact with the liquid
medium through a 0.8-cm thick polyurethane
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sponge. As a control, explants were cultured
on semisolid medium.

The effect of ventilation and the ethylene
concentration in the culture vessels was also
evaluated using ventilated and nonventi-
lated containers. The ethylene was measured
by gas chromatography. Two-milliliter sam-
ples of the culture container atmosphere
were withdrawn with a syringe. The ethyl-
ene was measured by gas chromatography,
using a chromatograph (8690 Series II;
HP�). The column used was a GS-Q FSOT
(Alltech�, 30 mL · 0.53 mm ID), and
nitrogen was the carrier gas at a flow rate
of 10 mL�min–1. The oven temperature was
70 �C. The injector and detector tempera-
tures were 200 �C. Pure ethylene was used as
external standard, with retention time of 2.2
min, with a FID detector.

Effect of explant age on shoot formation.
Nodal segments from plants of different ages
(see Table 1) were cultured in MS medium
supplemented with 3.4 mM of TDZ.

Effect of paclobutrazol and thidiazuron
on shoot formation. Nodal segments (65-d-
old) from aseptic plants were cultured in
semisolid MS medium in ventilated con-
tainers. Different concentrations of paclobu-
trazol (PAC) and TDZ were evaluated (see
Table 2). The cultures were incubated for
a period of 8 weeks as previously described.

Effect of various growth regulators on
shoot elongation. To evaluate shoot elonga-
tion, explants containing neoformations and
small shoots (0.3 to 0.5 cm high) were
cultured in different concentrations of GA3

and AgNO3 on semisolid medium. Twenty-
five explants per treatment were cultured.

Shoot induction in temporary immersion
culture. Nodal segments from 65-d-old plant-
lets were cultured under temporary immer-
sion conditions using a Modular Temporary
Immersion Bioreactor [BioMINT�; Patent
No. PA/a/2004/003837, Centro de Investiga-
ción Cientı́fica de Yucatán (CICY), Yucatán,
México] designed by Robert et al. (2006). The
immersion frequencies evaluated were 2, 4,
and 6 min every 4, 6, 8, and 12 h. The
composition of the liquid medium used was
MS supplemented with 3.4 mM of TDZ and
3.4 mM of PAC. Thirty-six bioreactors were
used distributed in 12 treatments with three
repetitions. Each bioreactor contained 10
explants in 100 mL of liquid medium.

Shoot elongation and rooting in temporary
immersion culture. Isolated shoots with an aver-
age height of 1 cm were transferred to 100 mL
MS liquid medium supplemented with GA3

(2.77 mM) and AgNO3 (10 mM) using three
bioreactors with 10 explants each. The shoots
were immersed for 2 min every 8 and 12 h.

Data analysis. Data were analyzed by an
analysis of variance and Student’s t test with
SPSS 11.5 for Windows program (SPSS Inc.,
Chicago, IL) and comparison of means
according to the Tukey test (P # 0.05).

Results

Effect of culture conditions. Shoots
formed under all conditions tested; however,

their development and survival were affected
by the atmosphere in the culture dish. The
best morphogenic response was observed in
explants cultured in semisolid ventilated
medium (Fig. 1), which also presented the
lowest mortality rate (11%). The first shoots
(three to four shoots per explants) emerged
after 2 weeks in culture (Fig. 2D). The
explants cultured in semisolid non-ventilated
medium formed callus in the epidermis and at
the base of the shoots. The shoots died in
a very short period of time in all non-
ventilated conditions, probably as a result of

the accumulation of ethylene in the culture
vessel. Under ventilated conditions, the mor-
tality rate was higher (Fig. 1) when the
explants were submerged in liquid medium
(Fig. 2). This could be attributed to a reduc-
tion of available oxygen for the explants. The
results suggest that, during shoot induction
and proliferation, the concentration of ethyl-
ene in the culture vessels had a greater effect
on the explants than the reduction of avail-
able oxygen.

Figure 3 shows that no ethylene accu-
mulation was detected in nonventilated

Fig. 1. Mortality of explants in different treatments. (A) Totally submerged explants (TSE); (B) partially
submerged explants (PSE); (C) partially submerged explants on a support (OSE); (D) on semisolid
medium (SSE). White bars = non-ventilated containers (NVCs); dark bars = ventilated containers
(VCs).

Fig. 2. Explant appearance at 25 d of culture in ventilated containers: (A) totally submerged explants; (B)
partially submerged explants; (C) on a support explants; and (D) on semisolid medium explants.

Fig. 3. Ethylene production in non-ventilated containers during in vitro culture of Habanero pepper. (A)
totally submerged explants with a rubber stopper (TSE-RS); (B) totally submerged explants with
polypropylene closure (TSE-PC); (C) partially submerged explants with polypropylene closure (PSE-
PC); (D) explants on support with polypropylene closure (OSE-PC); and (E) semisolid medium
explants with polypropylene closure (SSE-PC). Vertical bars represent ± SE (n = 3).
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conditions without explants or in ventilated
conditions with explants; however, this gas
regulator was detected in all non-ventilated
treatments. The ethylene content in nonven-
tilated conditions (with and without explants)
was higher when rubber stoppers and poly-
propylene caps were used (Fig. 3A–B). In the
treatments without explants, no ethylene was
detected except in the nonventilated condi-
tions with rubber stoppers (with and without
explants), in which the highest accumula-
tions of ethylene were registered. The high-
est ethylene concentrations were registered
when the explants were totally submerged in
nonventilated conditions with rubber stop-
pers (Fig. 3A) both in containers without
explants (1.8 mL�L–1) and in containers with
explants (2.3 mL�L–1), suggesting that the
rubber stoppers release ethylene in the con-
tainers. In contrast, in treatments in which
polypropylene caps were used, no ethylene
was detected in containers without explants
and without ventilation. The lowest ethylene
concentration was detected when the explant
was cultured on semisolid medium with
a polypropylene cap (Fig. 3E).

Effect of explant age. Table 1 shows the
response of explants taken from plants of
different physiological ages. As the age of
the plant increased, the number of explants
producing shoots decreased. Although the
number of shoots formed did not differ sig-
nificantly among the different ages, the 40-d-
old explants responded faster with 75% of the
explants forming shoots (5.33 ± 0.44 shoots
per explant) after 2 weeks (Fig. 4) in contrast
with the older ones that started 1 week later.

Effect of paclobutrazol and thidiazuron
on regeneration. Table 2 shows the effect of
various concentrations of PAC and TDZ on
shoot induction and proliferation. The best
response was obtained with 3.4 mM of PAC +
3.4 mM of TDZ, in which 75% of the explants
formed an average of 14.5 shoots per explant,
a significant difference in comparison with
all other treatments. However, the shoots
formed from neoformations (Fig. 5A) were
only able to produce their primordial leaves
(Fig. 5B) after which their development
stopped. This behavior could be attributed
to the presence of PAC, which inhibited shoot
elongation. The number of formed shoots
was significantly lower in treatments with
only PAC or TDZ (Table 2).

Effect of gibberellic acid and AgNO3 on
shoot elongation in semisolid medium. As
shown in Table 3, an increase in the height of

the newly formed shoots was registered in all
treatments containing GA3, whereas AgNO3

on its own had no effect whatsoever. How-
ever, the combination of GA3 with AgNO3

(10 mM) proved to be the most effective
treatment with greater elongation and de-
velopment of the shoots forming prominent
stems and bright green leaves (Fig. 5C) after
25 d of culture. With GA3 (2.77 mM) alone,
the shoots were able to elongate but showed
chlorosis with an etiolated appearance as
a result of very thin elongated stems, long
internodes, and poorly developed, pale green
leaves.

These results suggest that GA3 is essential
for shoot elongation, whereas AgNO3 has
a predominant effect on the quality of the
shoots, probably as a result of its inhibiting
effect on ethylene receptors present in the
plants of this species.

Temporary immersion culture. Culturing
explants with neoformations at an early de-
velopmental stage under temporary immer-
sion induced proliferation and elongation of
the neoformations present in the explants.
Table 4 shows that an average of 25 to 30
shoots per explant developed after only 21 d
of culture compared with 14.5 in semisolid
medium. The shoots also elongated faster
under temporary immersion reaching 4 cm
versus 6 cm of height in semisolid medium.
The best results were obtained when the
immersion of the shoots was 2 min every
8 h (Fig. 5D).

Discussion

Despite the relative success reported on
shoot organogenesis from foliar explants

(Husain et al., 1999; Venkataiah et al.,
2003) or hypocotyls (Arous et al., 2001;
Ochoa-Alejo and Ireta-Moreno, 1990) and
somatic embryogenesis from immature
zygotic embryos (Binzel et al., 1996) or
anthers and isolated microspores (Barany
et al., 2005; Koleva-Gudeva et al., 2007),
Capsicum is considered to be a recalcitrant
genus to in vitro morphogenesis. As a result
of their greater responsiveness to in vitro
plant regeneration, cotyledons remain the
explant of choice (Golegaonkar and
Kantharajah, 2006; Mathew, 2002; Pozueta-
Romero, et al., 2001; Venkataiah et al., 2001).
Regeneration, however, is frequently re-
ported to consist of bud-like structures
and rarely of well-developed shoots
(Arroyo and Revilla, 1991; Ochoa-Alejo
and Ireta-Moreno, 1990; Ramirez-Malagón
and Ochoa-Alejo, 1996; Steinitz et al.,
1999). A strong influence of culture condi-
tions and genotypes has also been demon-
strated (Venkataiah et al., 2003). By using
cotyledon explants (Agrawal et al., 1989;
Mathew, 2002; Venkataiah et al., 2006) and
by applying the most common regeneration
protocols for hot pepper (Mathew, 2002;
Venkataiah et al., 2001), Mezghani et al.
(2007) produced shoot buds for a hot pep-
per genotype (cv. Baklouti). However, ge-
netic engineering in pepper is still restricted
by the low morphogenetic potential of this
species (Mathew, 2002; Steinitz et al., 1999).
Santana-Buzzy et al. (2005, 2006) reported
high sensibility to ethylene during in vitro
culture of Habanero pepper. According to
Kumar et al. (1998), one of the main effects of
ethylene on in vitro cultures is the inhibition of
cellular division, which consequently affects

Table 1. Response of Habanero pepper (Capsicum
chinense Jacq.) explants at different ages
during multiple shoot induction after 8 weeks
of culture.

Age of
explant
(days)

Explants with
shoots (%)

Shoots/explant
greater than

0.5 cm (mean ± SE)

40 75 5.33 ± 0.44 az

65 65 5.38 ± 0.34 a
95 55 4.36 ± 0.30 ab

130 20 3.25 ± 0.25 b
zMeans with different letters are significantly
different (Tukey, P # 0.05).

Fig. 4. Habanero pepper shoot proliferation from nodes cultured in solid Murashige and Skoog medium
supplemented with thidiazuron (3.4 mM) after (A) 3 weeks in culture; (B) 5 weeks; and (C) 8 weeks.

Table 2. Effect of thidiazuron (TDZ) and paclobutrazol (PAC) on multiple shoot induction in Habanero
pepper (Capsicum chinense Jacq.) after 8 weeks of culture.

Growth
regulators (mM) Explants forming

shoots (%)
Shoots/explant greater than 0.5 cm

(mean ± SE)TDZ PAC

0 0 73.3 1.18 ± 0.12 dz

0 1.17 66.6 1.20 ± 0.13 d
0 3.4 80.0 1.16 ± 0.11 d
0 6.8 73.3 1.27 ± 0.14 d
3.4 0 60.0 3.88 ± 0.30 c
3.4 1.17 66.6 7.20 ± 0.35 b
3.4 3.4 75.0 14.55 ± 1.02 a
3.4 6.8 53.3 9.00 ± 0.65 b
1.1 3.4 45.0 2.3 ± 0.33 cd
2.3 3.4 45.0 3.0 ± 0.37 c
4.5 3.4 55.0 8.20 ± 0.22 b
zMeans with different letters are significantly different (Tukey, P # 0.05).
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the development of morphogenesis at very
low concentrations. In sugarcane, Taylor et al.
(1994) reported that ethylene caused a reduc-
tion in cellular division, whereas Reid (1995)
detected that the highest ethylene content in
vitro occurred during manipulation and sub-
culture of the explants, apparently as a prod-
uct of phenolic oxidation of the explants
themselves.

Growth regulators have been widely used
to improve plant regeneration capacity in
species recalcitrant to in vitro morphogene-
sis. PAC has proved to be one of the most
effective growth regulators for inducing or-
ganogenesis and somatic embryogenesis
(Chen et al., 2005; Nagaraju et al., 2002;
Opatrná et al., 1997; Thakur et al., 2006; Ziv

and Ariel, 1991; Ziv et al., 1994), particularly
in recalcitrant species. Besides the capacity
to increase the multiplication rate and inhibit
GA3 synthesis, PAC has also been attributed
to the ability to confer stress tolerance to
regenerated plants, which could allow us to
infer that these plantlets might show a higher
survival rate during their acclimatization.
TDZ (N-phenyl-N-1,2,3-thiadiazol-5-ylurea)
is a phenylurea compound that has been in-
vestigated for cytokinin activity (Huetteman
and Preece, 1993). Of the tested cytokinins,
TDZ at 0.23 to 9.18 mM�L–1 promoted the
highest frequency of shoots from shoot mer-
istem explants in some species. The lowest
concentration of TDZ (0.23 mM�L–1) also
induced 4.2 shoots/explant. The maximum

number of shoot proliferation demonstrates
the high cytokinin activity of TDZ as
reported for several other species (Huetteman
and Preece, 1993). Compared with most
other compounds with cytokinin activity,
lower concentrations of TDZ can stimulate
axillary shoot proliferation in many plants,
whereas higher TDZ concentrations may re-
sult in the formation of both axillary and
adventitious shoots (Huetteman and Preece,
1993; Yusnita et al., 1990). High rates of
shoot proliferation, often desirable for effi-
cient micropropagation, may include both
axillary and adventitious shoots. Agrawal
et al. (1988) reported the use of shoot tip
explants of Capsicum for micropropagation
and it was observed that the shoots were
formed de novo and were not the result of the
induction of axillary buds. If clonal fidelity is
desired, however, TDZ or other cytokinins
must be used at levels that stimulate only
axillary shoot growth, thereby avoiding po-
tential somaclonal variants from adventitious
shoots.

On the other hand, culture of isolated
shoots under temporary immersion using
a Modular Temporary Immersion Bioreactor
(BioMINT�) promoted and increased the
multiplication rate and shoot elongation,
which are the main limitations for the prac-
tical application of in vitro regeneration of
Habanero pepper. Under these culture condi-
tions, a high frequency of neoformations was
observed, which subsequently formed shoots.
The formation and abundance of these mor-
phogenetic structures most likely originated
from pre-existent buds, which are probably
stimulated to form de novo structures by the
substitution of PAC for GA3. In a study of
Hevea brasilensis, Martre et al. (2001) found
that explants exposed to continuous immer-
sion presented abnormal levels of respiration
brought about by oxidative stress, resulting in
death by asphyxiation. Lorenzo et al. (1998),
working with sugar cane, observed a similar
behavior in explants treated with GA3 after
being treated with PAC. Elongated shoots
rooted in liquid medium showed greater
vigor and development with increased mul-
tiplication. Shoots cultured under temporary
immersion conditions showed normal elon-
gation allowing the development and accli-
matization of whole plants once removed
from the bioreactors.

Despite the recalcitrance of these species
to regeneration, in particular to in vitro shoot
elongation, the results presented in this study
indicate that plant regeneration of Habanero
pepper can be optimized through the ade-
quate management of growth regulators, the
age of the explants, and the culture system
used, among other factors, The protocol pro-
posed increases the efficiency of the process
(25.27 ± 1.20 shoots per explant) using
a semisolid medium (MS) containing PAC
and TDZ (3.4 mM, respectively) during the
induction stage. Shoot proliferation and elon-
gation take place in liquid medium contain-
ing GA3 (2.77 mM) and AgNO3 (10 mM)
under temporary immersion conditions. The
synergism between PAC and cytokinins has

Table 3. Effect of gibberellic acid (GA3) and AgNO3 on shoot elongation in Habanero pepper (Capsicum
chinense Jacq.) after 25 d of culture.

Growth regulators (mM) Response
(%)

Shoot length (cm)
(mean ± SE)GA3 AgNO3

0 0 60 1.15 ± 0.24 bz

0 10 70 1.25 ± 0.21 b
0 30 70 1.30 ± 0.22 b
2.77 0 80 3.94 ± 0.33 a
2.77 10 80 4.09 ± 0.26 a
2.77 30 80 4.10 ± 0.30 a
zMeans with different letters are significantly different (Tukey, P # 0.05).

Table 4. Comparison culture methods on Habanero pepper shoot proliferation and elongation rate in
semisolid medium and in temporary immersion in BioMINT� bioreactors.

Semisolid medium BioMINT�
Shoots proliferation (mean ± SE) 14.55 ± 1.02 bz 25.27 ± 1.20 a
Shoots elongation (cm) (mean ± SE) 4.14 ± 0.17 b 5.76 ± 0.18 a
zMeans with different letters are significantly different (Student’s t test, P # 0.05).

Fig. 5. Induction and proliferation of neoformations or de novo shoots in Habanero pepper in culture
medium supplemented with thidiazuron (3.4 mM) and PAC (3.4 mM): (A) formation of monopolar
structures directly from the explant; (B) proliferation of de novo buds; (C) development of the new
buds in medium supplemented with gibberellic acid (2.77 mM) + AgNO3 (10 mM); and (D)
development in the temporary immersion system in medium M4.
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been observed in in vitro culture of potato
(Opatrná et al., 1997), sugarcane (Lorenzo
et al., 1998), pineapple (Escalona et al.,
1999), and lilium (Chen et al., 2005; Thakur
et al., 2006).

In conclusion, an efficient protocol for
high frequency of shoot multiplication and
plant regeneration of Capsicum through di-
rect organogenesis was developed (Fig. 6).
The shoot elongation was overcome by the
use of Modular Temporary Immersion Bio-
reactors (BioMINT). Elongated shoots rooted
and grew into normal plants.
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