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Abstract: Being the most abundant element on earth, aluminium has become one of the major restricting factors
that affect the growth and development of plants. The first target of aluminium toxicity is the root apex which
would in turn affect the overall growth of the plants. In this study, the effect of various concentrations of
aluminium (Al) on the growth of Lobelia chinensis was determined. Nodal explants of L. chinensis were cultured
on MS medium containing various concentrations of aluminium chloride (AlCl3) (0, 1.0, 2.5, 5.0, 7.5, 10.0 and
20 µM) with 1250.0 μM ion phosphate and pH was adjusted to 4.6. It was observed that both the growth of shoot
and root decreased with the increasing concentrations of Al.
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INTRODUCTION

with the elevated concentrations of Al2(SO4)3 [18, 19].
Al toxicity was found to depress the cells growth of
Medicago sativa [20] and the growth of protocorm-like
bodies of banana [21] as well as caused the death of
the non aluminium-tolerant cell line of Citrus species
[22]. [23] noticed that there was a significant reduction
of the frequency of embryoid induction and root
regrowth rate of Triticum aestivum on induction media
containing aluminium. Al toxicity also affected pollen
germination as well as pollen tube elongation [24].

Aluminium (Al) is the most abundant metal in the
earth’s crust [1], comprising about 7% of its mass [2,
3]. Hence, the potential for soils to be Al toxic is
considerable. In acidic soil, Al could exist as Al3+,
Al(OH)+ and Al(OH)2+ which are deteriorate to plants
[1, 4]. Many plant species are sensitive to Al even at
micromolar concentration, thus, Al toxicity is a major
factor restricting plant production on acidic soils [1, 4,
5, 6, 7], currently destroying more than 40% of
agricultural land around the world [8, 9, 10].

The Al tolerance strategies of plants can be separated
into those involved in exclusion of Al from the root
apex and mechanisms that allow the plant to tolerate
Al within cells [7]. Many Al tolerant plants exclude Al
from roots by excretion of organic acids such as
citrate, malate or oxalate from the roots that chelate Al
[6, 7, 25, 26, 27, 28], excretion of ion H + [17, 29, 30],
excretion of phosphate that precipitate Al [31],
excretion of mucilage [32, 33] and protein [34] that
bind Al. On the other hand, internal mechanisms of Al
tolerance include reduction of accumulation of lipid
peroxides through a higher proline and carbohydrate
content related to osmoregulation and membrane
stabilization [35], internal Al detoxification by organic
acid anions and enhanced scavenging of free oxygen
radicals, [7], protection of root apices by development
of root border cells [36], acceleration of senescence of
root tips [1], programed cell death under Al stress [1,
37] immobilization of Al at cell wall [17], as well as
selective permeability of the plasma membrane as a
barrier to movement of Al into the cytosol [38].

It was reported that Al affects the zone of root apex
and eventually the growth of the root [11]. [12]
reported that the roots of in vitro wheat plants were
found to exhibit reduced root growth, accumulating
more Al3+ and reactive oxygen species. Aluminium
accumulation was found chiefly in the root apex
(epidermis cell and cortex) [1]. [13] observed that the
elongation of roots exposed to Al3+ was inhibited
within an hour(s). This was due to inhibition of cell
elongation and cell division in addition to reduced
water and nutrient uptake by the root cells [14, 15, 16].
[17] found that increasing Al3+ concentration and
exposure time reduced the rate of callus growth and
frequency of non-embryogenic cells of Cynodon
dactylon. It was observed that exposure to 0.8 mM
Al3+ for 2 weeks resulted in an 88% reduction in the
meristematic cell number of Cynodon dactylon.
Similarly,
the
fresh weight of Nicotiana
plumbaginifolia callus tissues was found decreased
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differences. The significance level was set up at
p<0.05.
RESEARCH OBJECTIVE
RESEARCH FINDINGS
The results showed that the regeneration rate of nodal
segments of L. chinensis was 100.0% when cultured in
all the nutrient medium. The control treatment
achieved the highest mean number of multiple shoot,
3.4 shoot per explant at the end of eighth week.
Among different concentrations of AlCl3, 1.0 µM
AlCl3 induced the highest mean of multiple shoot
followed by 2.5 µM AlCl3. At the end of eighth week,
the mean of shoots formed per explant was 2.7 and 2.6
shoots, respectively. The mean number of shoot
formed decreased with the elevated concentrations of
Al. The lowest number of shoot produced was 1.1
shoots at 20.0 µM AlCl3 (Figure 1 & 2).
In this study, the roots regenerated were short in
medium supplemented with AlCl3. The mean number
of roots formed decreased with the increasing
concentrations of AlCl3. The maximum mean number
of roots produced per explant, 8.3 roots, was induced
in MS medium without any Al, followed by 4.3 roots
produced in MS medium containing 1.0 µM AlCl3. In
2.5 µM AlCl3 supplemental MS medium, the roots
number reduced to 3.4 roots and it further decreased to
1.8 roots at 7.5 µM AlCl3. However, no root was
formed at 10.0 and 20.0 µM AlCl3 (Figure 1 & 2).

The aim of this study was to determine the effect of
various concentration of Al on the growth of Lobelia
chinensis.
MATERIAL AND METHOD
Plant Material
Plants of L. chinensis used in the present research were
obtained from Air Itam, Pulau Pinang and grown in the
glasshouse.
Establishment of Aseptic Explants
Surface sterilization procedures were carried out to
obtain aseptic nodal explants of L. chinensis. Explants
of L. chinensis obtained from the glasshouse were
directly washed under running tap water for 20 to 30
min in order to remove all the attached dust or small
particles, followed by washing several times with
detergent. Then the explants were immersed in
absolute alcohol for 20 to 30 s under aseptic condition.
Lastly, the explants were subsequently surface
sterilized with Clorox® 10% with five drops of Tween
20 as a wetting agent for 10 min continuous stirring
and rinsed three times with sterile distilled water. The
disinfected explants were aseptically excised to 4-6
mm segments and cultured in vials 2.5 cm in diameter
containing 10.0 mL of MS (Murashige and Skoog,
1962) medium. All cultures were incubated at 252C
under a 16 hours photoperiod provided by cool-white
fluorescent lamps and 8 hours of darkness.
Effect of Al on Multiple Shoot Formation
Experiments were carried out to investigate the effect
of Al on multiple shoot formation of L. chinensis.
Nodal explants of L. chinensis were cultured on MS
medium containing various concentrations of
aluminium chloride (AlCl3) (0, 1.0, 2.5, 5.0, 7.5, 10.0
and 20 µM) with 1250.0 μM ion phosphate and pH
was adjusted to 4.6. The number of shoot and root
regenerated was recorded for a period of eight weeks.

Figure 1. Effect of various concentrations of Al3+ on shoot
and root proliferation of nodal segments of L. chinensis after
eight weeks of culture. Means with different letters differ
significantly at P ≤ 0.05 by DMRT. Vertical bars represent
standard deviations of the means

DATA ANALYSIS
All experiments were performed using completely
randomized design. Analysis was performed using
Statistical Analysis System (SAS) (SAS Institute Inc.,
Cary, NC, 1985). Statistical differences were tested by
Duncan’s multiple range tests for the means. Standard
deviations were also used to compare mean
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Figure 2. Plantlets of L. chinensis produced at different
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DISCUSSIONS
In this study, it was showed that AlCl3 containing
medium reduced the production and growth of shoot
and root of L. chinensis. This was agreed with the
findings of [1] on peanut and [12] and [23] on in vitro
wheat plants. Accumulation of Al occurred at root
meristems and as a result inhibition of root elongation
was the first sign of Al toxicity [7, 36, 39]. It was
reported that inhibition of root elongation of Leucaena
leucocephala [28] and peanut [40] achieved at 30 µM
and 100 µM Al respectively. The reduced growth of
roots might be caused by the Al toxicity which affect
the plasma membrane of the root cells at the root apex,
inhibit cell division and cell extension [5]. Similarly, it
was reported that exposure to Al caused stunting of the
primary root and inhibition of lateral root formation
which reduced yield and crop quality [15, 41]. It was
reported Al induced lower concentration of
endogenous nitric oxide which inhibit the elongation
of roots [30]. In addition, it was observed that low
concentration of Al was detrimental to the growth of
cell cultures of Medicago sativa [20], tobacco [18, 19]
and carrot [42]. Al toxicity could cause the death of the
non aluminium-tolerant cell line of Citrus species [22].
CONCLUSION
In conclusion, both the growth of shoot and root of
Lobelia chinensis decreased with the increasing
concentrations of Al. The growth of L. chinensis was
significantly inhibited by the addition of higher
concentrations of Al in the culture media. Further
research could be carried out to find out the
mechanisms involved in the detoxification of Al in this
plant.
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