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ABSTRACT
The effects of five salt ingredients of sea water, KCl, NaCl, CaCl2, MgCl2 and MgSO4, on induction of cell proliferation
in Sonneratia caseolaris were investigated. Proliferation was examined in tissue explants derived from such as leaves,
cotyledons, and hypocotyls using a small-scale liquid culture method. Addition of 12.5-25 mM of MgCl2 was unique in
stimulating cell proliferation in all tissues of S. caseolaris. Otherwise, different effects of salts were observed among the
three tissues. In hypocotyl culture, 25-50 mM of NaCl and CaCl2 stimulated cell divisions. Tolerance to 100 mM of
MgSO4 was observed in leaves. Three osmotically active compounds commonly used in tissue culture, sorbitol, mannitol and glycinebetaine, were also tested to assess the importance of osmotic effects on cell proliferation. No significant
stimulation by these was observed over a wide range of concentrations. Data were compared with those of cotyledon
cultures of another mangrove, S. alba, which exhibits no stimulation by MgCl2, stimulation by KCl and tolerance to
NaCl. Mechanisms for adaptation of mangrove plants to various and high salts were discussed by comparing the differences in reaction to salts in cultures of two Sonneratia mangrove species of the same genera growing different salt
environment.
Keywords: Halophilic, Ions, Salt Tolerant, Sonneratiaceae, S. caseolaris

1. Introduction
Mangrove plants are mainly tree species that grow in
tropical and subtropical brackish coastal regions. This
group includes more than 100 species from different
families [1]. Micropropagation of these species is needed
for conservation of mangrove forests threatened by potential destruction [2]. Biotechnological breeding techniques such as somatic hybridization of trees [3,4], may
be promising tools for a year-round supply to replenish
saplings and protect salty soil environment from desertification [5].
Studies on salt injury to crops are an increasingly important topic as soil damage from salt accumulation is
proceeding [6]. Clarifying salt-tolerant mechanisms in
cell and tissue culture systems of mangrove plants, and
introduction of their characteristics through somatic hybridization or genetic transformation into crop species
are also interesting themes to investigate. Mangrove plants
Copyright © 2011 SciRes.

offer both theoretical and biotechnological potential for
improving plant growth in high salt environments, however, information on their physiology, biochemistry, and
molecular biology remains limited. The development of
in vitro culture systems is important for complementation
of whole plant studies. In 2001, the successful establishment of a suspension culture from leaf explants of Bruguiera sexangula (Rhisophoraceae) was reported [7,8].
Protoplast fusion studies [9] and molecular biological
work on salt-tolerance related genes has since been performed [10]. In order to expand our knowledge of mangroves, we recently established a suspension culture from
cotyledon explants of the mangrove, Sonneratia alba
(Sonneratiaceae), with subsequent study of its organogenic potential [11]. The effects of four main salt ingredients of sea water on S. alba were investigated and its
halophilic nature and tolerance to NaCl were determined.
They were compared with suspension cultures of B. sexangula, and tobacco BY-2 cells [12]. S. alba grows at the
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most seaside coast of the Iriomote Island, Okinawa, Japan [13], while B. sexangula grows in more in-land areas
of Thailand [14].
To investigate the mechanisms of salt tolerance, a
comparison of salt-tolerant and salt-intolerant plants, or
cells of similar genetic background but different salt tolerance, is required. The latter investigation is problematic,
because obtaining a specific tree mutant is very difficult.
In the last few years, we have studied another mangrove
plant, S. caseolaris, which is in the same genera as S.
alba and shares its habitat in the in-land area of mangrove forests of Myanmar and Thailand [14]. Some cell
proliferation was obtained from cotyledons and hypocotyls of S. caseolaris using the same hormonal conditions
as for S. alba [11].
The objective of this study was to investigate the cell
proliferation of different types of explants from S. caseolaris in response to KCl, NaCl, CaCl2, MgCl2, MgSO4,
which are components of sea water. The results were
compared with cell proliferation from S. alba cotyledon
explants. One potential effect of adding salts to a culture
system is the osmotic effect on cells. In order to assess
the importance of osmotic potential on the proliferation
of mangrove cells, several osmotically active compounds,
sorbitol, mannitol and glycinebetaine, which are commonly used in tissue systems, were also tested. A smallscale liquid culture method [11] was used which minimized the volume of plant material required.

plants of S. caseolaris were maintained in a green house
in natural light conditions at 15-45˚C. After six months
to three years of growth, the top four leaves of each plant
were harvested. Leaves were washed with water and detergent, sterilized with 1% NaClO for 30 min to 1 hr and
washed with sterile water three times. They were then cut
into 1 mm-wide sections in a manner similar to that for
the cotyledons.

2. Materials and Methods

In S. caseolaris, two methods of quantifying the degree
of cell proliferation were used. First, the total area of
proliferated mass per explant was calculated using the
image analysis program, Image J [16] to analyze digital
photographs taken through the inverted microscope (Fig.
1). As this method is limited to a single two-dimensional
representation of each cell mass, we also described cell
proliferation at the cut surface of the explants in terms of
a system of grades based on direct observation under an
inverted microscope. In S. caseolaris, Grado 0, flat surface with no reaction; Grade 1, one cell layer appeared
from the cut surface; Grade 2, two or three cells layers
were present; Grade 3, 4-5 layers of proliferated cells
could be found on the cut surface but the area of proliferation was more localized; Grade 4, 4-5 cells layer of
proliferated cells covering a larger area of the cut surface;
and Grade 5, more proliferation than 4. In S. alba, proliferation from both cut surfaces was assessed in assigning
the numbers of grade (0, 1-4). All data were averaged per
explant from data of 4 to 8 explants in 2 to 4 tubes. A
student t-test was performed on the difference of mean
values between the control (i.e. without added salts and
osmotic compounds) and each treatment at P < 0.05.

2.1. Materials
Fruits of S. caseolaris were collected at the Khu Khut,
Songkla or at Khanom river Basin, Si Thammarat Province, Thailand, and those of S. alba were collected from
Iriomote island, Okinawa, Japan. Aseptic procedures for
S. alba were replicated from Kawana et al. [11]. Seeds of
S. caseolaris were disinfected by treatment with detergent, soaked in 70% ethanol solution for 1 min, washed
with water, soaked in 3% sodium hypochlorite solution
(NaClO) for 1 hr, and finally washed with sterile water
three times.
Disinfected seeds were germinated on 5 ml of 0.8%
w/v agar medium (tissue culture grade, Wako Chemicals
Co. Ltd) in 15-ml test tubes under a 16 hr photoperiod
(80 μmol m-2s-1), at 24˚C. After two to five months of
culture, sterile hypocotyls and cotyledons were cut into
two to three, 1 mm-wide sections for culture.
As leaves did not develop in sterile culture, additional
seeds were planted in a mixture of sand, vermiculite and
soil in 1/10000a Wagner’s pots (ICW-2, ICM Co. Ltd,
Tsukuba, Japan) in a container and watered weekly. The
Copyright © 2011 SciRes.

2.2. Liquid Culture
Disinfected cotyledons of S. caseolaris and S. alba, as
well as hypocotyls and leaves of the former were cut in a
Petri dish under axenic conditions. Two or three sections
were placed in a 10 mL flat-bottomed culture tube (Maruemu No.3) with 1 mL liquid Murashige & Skoog’s
(MS) [15] basal medium containing 0.1 μM 2,4-di-chlorophenoxyacetic acid (2,4-D) and 3% w/v of sucrose or
glucose (when cited in text), and covered with autoclaved
translucent film (BioHazard Bag 86.1199, Assist Co.
Ltd.). The pH was adjusted to 5.8 before sterilization at
121˚C, 20 min. All cultures were incubated in the dark at
30˚C on a rotary shaker at 100 rpm. When cited in the
text, 10, 12.5, 25, 50, 100, or 200 mM of KCl, NaCl,
CaCl2, MgCl2, or MgSO4 was added to the above media.
Sorbitol, mannitol or glycinebetaine at 25, 50, 100, 200
or 400 mM were also added. The cultures were observed
under an inverted microscope (Olympus CK40).

2.3. Data Description
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3. Results
In the liquid culture of S. caseolaris, cell proliferation
was observed at the cut surface of sections under an inverted microscope (Figures 1(a)-(c)). A freehand-traced
area of cell proliferation (Figure 1(b), (c)) was measured
from the photographs taken of each explant using the
Image J program.
The effects of KCl, NaCl, CaCl2, and MgCl2 on cell
proliferation from leaves (Figure 2) and cotyledons (Figure 3) of S. caseolaris were investigated. The total area
of proliferation in controls was 0.63 mm2/leaf explant
(Figure 2) and 0.53 mm2/ cotyledon explant (Figure 3).
Low concentrations of MgCl2 (12.5 mM and 25 mM)
applied to leaves stimulated cell proliferation approximately 1.5-2.5-fold. No increase in cell proliferation was
observed in leaves treated with KCl, NaCl and CaCl2. In
cotyledons, concentrations of MgCl2, from 12.5 to 100
mM, increased cell proliferation approximately 2-3-fold
over the control, while no clear stimulation was observed
by KCl, NaCl and CaCl2. All four salts tested were inhibitory at 200 mM (Figure 3).
Asterisk on the top of bars in Figures 3 to 7 showed
that differences were found at p < 0.05 by t-test. From
the mean values of grade of reaction, percentages of
stimulation or inhibition compared to zero control were
calculated.
Effects of KCl, NaCl, CaCl2 and MgCl2 on cell proliferation from cotyledons of S. alba in a liquid culture
were investigated (Figure 4). At zero concentration (the
control of no additional salts), the grade of reaction was
2.6 ± 0.28 (S.E.)/explant. Low concentration (10 mM) of
KCl strongly (80%) stimulated cell proliferation. No inhibition was observed at a wide range of NaCl concentrations (10-50 mM). Stimulation by MgCl2 was not observed and inhibition by CaCl2 was prominent. All salts
at 200 mM totally inhibited growth.
Effects of KCl, NaCl, CaCl2, MgCl2 on cell proliferation from hypocotyls of S. caseolaris were investigated
(Figure 5). The grade of reaction of the zero control was
2.3 ± 0.25 (S.E.)/hypocotyl explant. Low concentrations
of MgCl2 (12.5-25 mM) stimulated cell proliferation
(44-111%), in a manner similar to that of cotyledons of S.
caseolaris (Figure 3) but different from cotyledons of S.
alba, in which MgCl2 did not stimulate cell proliferation
(Figure 4). Intermediate concentrations (25-50 mM) of
NaCl (44-67%) and CaCl2 (44-56%) stimulated cell proliferation. Tolerance at 200 mM NaCl was also observed.
Since magnesium ions were effective in causing cell
proliferation in S. caseolaris leaf explants (Figure 2),
two different magnesium salts, i.e. MgCl2 and MgSO4,
were tested to assess the effects of anions (Figure 6).
Copyright © 2011 SciRes.

(a)

(b)

(c)

Figure 1. Measurement of the area of cell proliferation in
liquid cultures of S. caseolaris leaf explant. (a) Cut surface
before culture. (b) Proliferation of cells from the cut surface.
(c) Area of proliferation from (b) was freehand-traced and
its area was measured using the image analysis program,
Image J. bar = 250 μm.
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Figure 2. Effects of KCl, NaCl, CaCl2 and MgCl2 on induction of cell proliferation from leaves of S. caseolaris. Data
were area of proliferation. Days of culture were 32.

Figure 4. Effects of KCl, NaCl, CaCl2 and MgCl2 on cell
proliferation from cotyledons of S. alba. Data were the
grade of proliferation. Days of culture were 34.

Figure 3. Effects of KCl, NaCl, CaCl2 and MgCl2 on cell
proliferation from cotyledons of S. caseolaris. Data were
area of proliferation. Days of culture were 34.

Figure 5. Effects of KCl, NaCl, CaCl2 and MgCl2 on cell
enlargement and proliferation from hypocotyls of S. caseolaris. Data were the grade of proliferation. Days of culture
were 48.

Both formats of data description (area of proliferation in
Figure 6(a) and the grade of proliferation in Figure 6(b))
showed similar results, except for the reaction to MgSO4
at 200 mM. At zero control, the area of proliferation was
1.03 ± 0.29 (S.E.) mm2/explant (Figure 6(a)) and number of grade was 1.9 ± 0.31 (S.E.)/explant (Figure 6(b)).
Low concentrations (12.5-25 mM) of MgCl2 stimulated
cell proliferation from leaf explants, though the percentage of stimulation (70%) was lower than that of Figure 2,
while less stimulation (23-50%) was obtained with MgSO4.
High concentrations (100-200 mM) of MgCl2 were inhibitory, however, no inhibitory effect was observed at
up to 100 mM of MgSO4. When 3% glucose was used
Copyright © 2011 SciRes.

instead of sucrose in the medium, a clear stimulation
(58-163%) by low to intermediate concentrations (12.550 mM) of MgCl2 and tolerance at high concentration of
MgSO4 were also observed (Figure 6(c)). The number of
grade of proliferation was 1.6 ± 0.19 (S.E.)/explant without additional salts.
The effects of different osmotic compounds in liquid
cultures on leaves of S. caseolaris were investigated (Figure 7). The grade of reaction at zero control was 2.3 ±
0.4 (S.E.)/leaf explant. The cultures could tolerate concentrations up to 100 mM. However, no clear stimulation
of growth was observed. Both sorbitol and mannitol beAJPS
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Figure 7. Effects of sorbitol and mannitol in combination
with 3% sucrose on cell proliferation from leaves of S. caseolaris. Days of culture were 35. Data were the grade of proliferation.

Figure 8. Effect of sorbitol in combination with 3% sucrose
on cell proliferation from cotyledons of S. caseolaris. Data
were the grade of proliferation. Days of culture were 37.
Figure 6. Comparison of the effects of MgCl2 and MgSO4 on
cell proliferation from leaves of S. caseolaris. The control
medium is MS containing 0.1 μM 2,4-D and 3% sucrose (a,
b) and 3% glucose (c). Days of culture were 68. Data were
the area of proliferation (a) and grade of proliferation (b,
c).

gan to produce significant inhibitory effects at 200 mM
and they became totally inhibitory to growth at 400 mM.
When the effect of sorbitol in combination with 3% sucrose was investigated in liquid culture of cotyledons
(Figure 8), the grade of reaction at zero control was 2.4 ±
0.26 (S.E.)/cotyledon explant. Tolerance up to 200 mM
of sorbitol was observed and 400 mM sorbitol was inhibitory. The pattern is very different from those of the
four salts, i.e. KCl, NaCl, MgCl2 and CaCl2. Glycinebetaine totally inhibited growth in cultures of cotyledons
and leaves of S. caseolaris at any concentrations (data
not shown).
Copyright © 2011 SciRes.

4. Discussion
4.1. Differences in Response to Added Salts
between S. caseolaris and S. alba
Tolerance to a wide range (10-50 mM) of concentrations
of NaCl was observed in cotyledon cultures of S. alba
but not in cotyledon cultures of S. caseolaris. The fact
that S. alba grows along the most seaside coast while S.
caseolaris grows more in-land, may have contributed to
the different responses observed. The salinity of the latter
growing area was lower than that of the former [17]. In
the suspension culture derived from cotyledons of S. alba,
stimulation of growth was observed by NaCl at the same
concentrations [12]. S. alba would have developed
mechanisms to deal with the key component of sea water,
i.e. sodium ions in order to achieve proper growth and
development. Sea water and the mangrove growing soil
contain substantial amount of other salts [18]. Induction
AJPS
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of cell proliferation was greatly stimulated by KCl in
cotyledon culture of S. alba but not in any of the S. caseolaris tissues. In the established suspension culture of S.
alba, increase of growth was obtained at low concentration (10 mM) of KCl [12]. On the contrary, low concentrations (12.5-25 mM) of MgCl2 greatly stimulated cell
induction from all three tissues in S. caseolaris, but not
in the cotyledons of S. alba. No data of hypocotyls or
leaves of S. alba were available in this report, because
the growth of big seedlings was difficult in S. alba. To
explore the mechanisms of salts tolerance, the development of in vitro culture systems is important for complementation of whole plant studies. S. alba and S. caseolaris are two excellent mangrove species of the same
genera showing different responses to different salts.
These can be cultured in the same MS basal medium
containing 3% of sucrose and 0.1 μM of 2,4-D, while
modified amino acid basal medium was employed for the
culture of B. sexangula of different family [8].

4.2. Differences in Tissue Responses to Salts in
S. caseolaris
Differences were found in the reaction to different salts
depending on the source of tissue tested, i.e. leaves,
cotyledons, or hypocotyls. Stimulation by NaCl was observed in cultures of hypocotyls, but not in cotyledons or
leaves. Similarly, CaCl2 was stimulatory to hypocotyl
culture but had little effect on other tissues of S. caseolaris. Cotyledons and hypocotyls were more tolerant to
MgCl2 than leaves. In nature, young seedlings of Sonneratia species sometimes grow under water but leaves
are rarely submerged. Thus, we would expect cotyledons
and hypocotyls to be more tolerant tissues to salty water
than leaves. The observed difference in tolerance to NaCl
depending on the origin of tissues, i.e. viviparous seedlings and leaves, was also reported for callus induction of
B. sexangula [7].
Effects of salts can be explained partly as the osmotic
effects of component ions. However, MgCl2 and CaCl2
were not always inhibitory compared to NaCl and KCl
[12], implying that cations themselves are important in
mangrove cells.
This is the first report where effects of high concentrations of MgSO4 were investigated, and tolerance of
leaves of S. caseolaris was found in liquid culture, while
low concentrations of MgSO4 were not stimulatory compared with MgCl2. Tolerance to MgSO4 was also found
in media containing glucose (Figure 6(c)), which sugar
stimulated cell proliferation from leaves of S. caseolaris
in solid culture [19]. Although differences in ion dissociation can result in different osmotic potentials, the results in Figure 6 suggest anions may have specific roles
Copyright © 2011 SciRes.

to play. Both anions are ingredients of sea water and further studies are needed to ascertain their function.

4.3. Effects of Osmotic Compounds in
S. caseolaris
The presence of salts naturally found in sea water can
change the osmotic environment surrounding plants.
Changes in the osmotic environment have a substantial
effect on plant growth and development. It has been
shown that osmotic stress enhances somatic embryo formation in carrot [20] and mannitol can induce somatic
embryogenesis in vegetative tissues of Arabidopsis [21].
In this study, several common osmotica were used to
assess the importance of the osmotic environment on cell
proliferation of mangrove species. As shown in Figure 7,
neither mannitol nor sorbitol had a significant stimulatory effect on cell proliferation of S. caseolaris, and became inhibitory to growth at 200 mM. In leaf culture of a
Rhizophoraceae mangrove, Rhizophora stylosa, sorbitol
at 0.2-0.4 M was stimulatory for callus induction, while
NaCl was inhibitory at the same osmotic potential [22].
Mannitol and glycinebetaine are known as naturally occurring osmotica in S. alba [23] and an Avicenniaceae
mangrove, Avicennia marina [24], respectively. The glycinebtaine had a negative effect on growth even at low
concentrations (data not shown). These suggest that
changes in osmotic conditions alone are not sufficient to
promote growth. The effects of salts cannot be described
only by their effects as osmoticum. Both cations and
anions of various salts may have specific functions to
play in promoting growth and development of mangrove
plants.

4.4. Data Description Method
In this report, in addition to recording the response as the
numbers of grade of proliferation, which was used in the
previous report in culture of S. alba [11], we introduced
another data description method, the area of cell proliferation measured using an image analysis program. No
critical difference in the effects of salts was found between two methods of data description. Although both
methods yielded similar results, the grade method is preferred as one can identify small changes in the explant,
especially at high salt concentrations, and the standard
errors were smaller than the area method. The area
method can only account for two dimensional changes in
an explant and the process is time consuming. The use of
small volume culture method as detailed in this study
enables the assessment of changes of explants to different tested variables. Since the sources of seed materials
are limited, this greatly increases the efficiency of the
study.
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recalcitrancy of a mangrove plant, Kandelia obovata, and
high endogenous level of abscisic acid,” Plant Cell Tissue
and Organ Culture, Vol. 94, No. 2, August 2008, pp.
125-130. doi:10.1007/s11240-008-9394-9

4.5. Conclusions
Mangrove plants have adapted to grow in an environment with high salts. This unique property is also reflected in the cell cultures generated from the mangrove
species, Sonneratia caseolaris and S. alba. The ability of
mangrove cell cultures to grow in the presence of high
salts indicates the unique adaptation and metabolism of
mangrove cells. It is important to note that different sea
water components, KCl, NaCl, CaCl2, MgCl2 and MgSO4,
elicit different responses from different mangrove species. This result indicates that different mangrove species
have different metabolic adaptations to various salts in
the environment. The ability of both mangrove species to
tolerate high levels of magnesium ions indicates that
magnesium ions may have a vital metabolic role to play
within mangrove cells. Cell cultures generated from different tissues of the same plant react differently to various salts and salt concentrations. This observation suggests that different tissue types within the plant body
responds to salts differently. Future biochemical and cell
biological studies will provide further insight into the
role of various ions on the growth of mangrove cultures.
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