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ABSTRACT

Adventitious roots are the roots that most commonly arise out of stems, originating via cell

divisions of the stem cortex. In some plants, adventitious roots are also induced from leaves.
Adventitious root produced are highly potential to be used as the raw material for the pharmaceutical

industry. In this study, effects of sucrose concentrations and medium pH on adventitious roots induction
from leaf explants of Orthosiphon stamineus were examined on Murashige and Skoog (MS) medium
supplemented with 3 mg/L of indole-acetic acid (IAA). It was revealed that 3% of sucrose was the
best concentration for O. stamineus as compared to 0, 1, 2, 4, 5, 6, and 7% that produced relatively

lower rooting efficiency. The highest value was recorded at 3% sucrose with a rooting percentage (97.7
± 3.9 %), 8.3 ± 1.8 roots per explant and 0.005 ± 0.001g dry weight of roots. A slightly acidic, pH

6.0 was the optimum pH value for the induction of O. stamineus roots as compared to pH 4.0, 5.0,
5.8 and 7.0. The highest rooting efficiency was evidenced by the highest value recorded in rooting

percentage (95.7 ± 4.2 %), number of roots per explants (10.0 ± 2.0) and dry weight of the roots
(0.040 ± 0.010 g).
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Adventitious rooting is a unique and complex process, essential in plant propagation (Ford et al.,

2001). Analysis of adventitious rooting in several woody species, particularly using Malus as a model,
have led to the general recognition of three phases in the process: the first phase is induction phase,

defined as the period in which no morphological events are clearly observed, comprising the early
molecular and biochemical steps proceeding morphological modifications; second phase is the initiation

phase, in which cell division take place, root meristems are formed and root primordial are established;
third phase is the expression phase, in which root growth and emergence out of cuttings occurred

(Kevers et al., 1997). The last two phases are often referred to as root formation phase (Claudia, et
al., 2005).

Carbohydrates are necessary as metabolic “building block” and energy source for plant tissue. The
availability of carbohydrate is often considered exclusively as an energetic requirement and carbon

skeleton source to drive the root development (Luciano et al., 2004). However, it has shown that
sugars can have an important regulatory role, repressing the transcription of photosynthetic genes (Sheen,

1990) and interacting and abscisic acid and ethylene signaling (Leon and Sheen, 2003). Borisjuk et
al. (1998) stated that in the presence of sucrose in the induction phase may cause more cells to be
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recruited for root induction thus improving the rooting response. Previous studies conducted by Cheng
et al. (1992) reported that sucrose concentrations at the range of 2-3 % showed to be beneficial for

rooting of Eucalyptus sideroxylon. 
Apart from carbon sources, the pH of the medium is also one of the important factors that can

affect the growth and development of the plants. According to the ‘acid growth hypothesis’, plants
regulate cell expansion through modifying the pH around the cell wall and thereby its extensibility,

which increases at low pH (Cosgrove, 1999). A large body of evidence supported this hypothesis in
shoot coleoptiles or expanding leaves (Kotake et al., 2000; Van Volkenburgh, 1999; Peters et al., 1998;

Rayle and Cleland, 1992).  However, results on roots have been less conclusive. Lowering the pH of
the medium may either promote root elongation (Winch and Pritchard, 1999; Evans, 1976;Edwards and

Scott, 1974) or have little effect (Büntemeyer et al., 1998; Peters and Felle, 1999).  The “acid growth
hypothesis” of roots, although well-known, has been subjected to only limit experimental testing with

only few studies that focused on rooting (Tanimoto et al., 2000; Walter et al., 2000; Peters and Felle,
1999; Winch and Pritchard, 1999; Büntemeyer et al., 1998). Of these studies, several only examined

elongation of root segments (Tanimoto et al., 2000; Büntemeyer et al., 1998; Edwards and Scott,
1974). Thus, the current study was conducted to investigate the effects of these two factors; carbon

sources and medium pH on the adventitious root induction from leaf explants of Orthosiphon staminues.
Young and fresh leaf explants were obtained from in vitro plantlets of O . stamineus cultured on

basal Murashige and Skoog (MS) medium (Murashige and Skoog, 1962).  The leaf explants were
cultured in full-strength MS medium supplemented with 3 mg/L of indole-acetic acid (IAA) as

described by Ling et al. (2009). In the study of effects of sucrose concentration on the adventitious
roots formation, the leaf explants were cut transversally along the leaf mid-vein and cultured with the

abaxial surface in contact with the medium containing 0, 1, 2, 3, 4, 5, 6 or 7% (w/v) of sucrose.
Meanwhile, for the determination of effects of medium pH on adventitious root induction, the leaf

explants were cultured on the MS medium containing 5% (w/v) sucrose and 3 mg/L of IAA. The pH
of the medium was adjusted to pH 4.0, 5.0, 5.8, 6.0, and 7.0 with 0.1M HCl or 0.1M NaCl prior

to autoclaving.  All the cultures were maintained at 25 ± 1 C, in 24 hours constant dark condition.o

For each treatment, 3 replicates were prepared with 5 explants in each Petri dish and the experiments

were repeated twice. The initiation of root from explants was recorded on the basis of visual
observations. Results on rooting percentage (%), dry weight (g) and number of roots formed per

explant after 4 weeks of culture were expressed as mean ± standard deviation and statistically analyzed
using Tukey’s HSD test (P < 0.05).

In the study of effect of sucrose concentrations on adventitious roots induction from leaf explants,
it was found that no root was induced from control medium that did not contain any sucrose.

However, medium supplemented with 1, 2, 3, 4, 5, 6, and 7% of sucrose showed different degree of
adventitious root formation from leaf explants.  A trend of increase in efficiency of adventitious root

formation was observed from 1% to 3% of sucrose. This was evident by the increase of rooting
percentage from 84.6 ± 15.5% to 97.8 ± 3.8% at 1 and 3%, respectively (Figure 1). Similarly, the

number of roots per explant also increased from 4.8 ± 0.9 to 8.3 ± 1.8, accordingly (Figure 2). The
similar growth pattern was also showed in dry weight of induced root which increased from 0.002

± 0.001 g to 0.005 ± 0.001 g, respectively (Figure 3). Among all the concentrations tested, 3% of
sucrose-supplemented medium was considered as the optimum concentration with the highest percentage

of rooting, number of roots per explant and dry weight of roots induced.   Sucrose concentration at
the range of 2-3% has been shown to be beneficial for the rooting of Eucalyptus sideroxylon (Cheng

et al., 1992) and Fagus species (Cuenca and Vieitez, 1999). However, the result was in contrast to
the study by Duong et al. (2001) who reported that 3-4% of sucrose limited rooting of Lilium

longiflorum  in stem culture. Thus, it could be concluded that different plant species may shown
different behavior and response to sucrose concentration. For instance, strawberry was more efficient

in rooting under 4.5% of sucrose-containing medium. In addition, Jung et al. (2005) reported that an
increase in sucrose level from 1% to 3% remarkably enhanced the root growth in Panax ginseng, but

further increase in concentration repressed them. Consequently, the most favourable sucrose concentration
of medium was 3%. A similar phenomenon was also reported in other ginseng cell cultures. Choi et

al. (1994) found that the optimum concentration of sucrose for cell growth was between 3-4 %.  The
positive effect of sugar concentration may be related to its potential in increasing the osmotic pressure

of the medium, which stimulated the mitochondrial activity and subsequently generating more energy
to facilitate rooting (Bonga and von Aderkas, 1992). Low concentration of sucrose induced lower

rooting efficiency, may be due to inadequate supply of carbohydrate for leaf explants to generate
sufficient energy which needed in rooting process under dark condition. Thus, less adventitious root

was induced from these concentrations.  
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Fig. 1: Percentage of rooting from leaf explants of O. stamineus cultured on MS medium supplemented
with different sucrose concentrations (w/v) and incubated in dark condition. Bars indicate the

standard deviation. Different letters within each column indicate significant at P < 0.05 in
Turkey’s test

Fig. 2: Number of roots per explants induced from leaf explants of O. stamineus cultured on MS

medium supplemented with different sucrose concentrations (w/v) and incubated in dark
condition. Bars indicate the standard deviation. Different letters within each column indicate

significant at P < 0.05 in Turkey’s test

Fig. 3: Dry weight of adventitious roots induced from leaf explants of O. stamineus cultured on MS
medium supplemented with different sucrose concentrations (w/v) and incubated in dark

condition. Bars indicate the standard deviation. Different letters within each column indicate
significant at P < 0.05 in Turkey’s test

In this study, a further increase in sucrose concentrations resulted in lower rooting efficiency from

leaf explants of O. stamineus. Decrease in rooting ability were recorded when concentrations of sucrose
increased from 3% to 7%. In terms of dry weight attained, it showed that the amount of induced root
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decreased from 0.005 ± 0.001g to 0.002 ± 0.001g, respectively. Sucrose at 4% and 5% showed
approximately the similar biomass of 0.003 ± 0.001g. Moreover, 6% of sucrose resulted in a dry

weight 0.002 ± 0.002g (Figure 3).  Similarly, a trend of decrease in rooting percentage were recorded
when concentration of sucrose increased from 3% to 7%. The percentage of rooting decreased from

97.8 ± 3.9% to 81.1 ± 13.5%. Nevertheless, medium supplemented with 6% showed a significant low
rooting percentage with only 69.0 ± 23.6%. MS medium supplemented with 4% and 5% of sucrose

managed to stimulate 95.5 ± 7.6% and 86.9 ± 0.8% of rooting, respectively (Figure 1). Apart from
that, an increase of sucrose concentration from 3% to 7% resulted in a decrease in the number of

roots per explants from 8.3 ± 1.8 to 5.2 ± 0.8. It was noticed that 6% sucrose induced the lowest
number of roots per explants (3.8 ± 2.9). Meanwhile, 6.5 ± 0.6 and 6.1 ± 0.6 roots were formed on

each leaf explants that treated with 4 and 5% sucrose (Figure 2).  A decrease in rooting efficiency
with sucrose concentration higher than 3% could be due to excessive amount of sucrose dissolved in

the culture medium and gave rise to higher osmotic potential in culture medium than in leaf explants.
Under this circumstance, excessive loss of water from leaf explants may take place. It was reported

that adequate amount of water is needed by plant cells at rooting zone and subsequently dissolved the
nutrients, plant hormones, sugar synthesized or supplied from medium which were required for rooting

process. Besides, when explants encountered the problem of water deficiency they will become less
sensitive to the exogenous auxins in culture medium (Trewavas, 1991; Campen et al., 1990). The

similar result of lower rooting efficiency due to water deficiency has been reported in Chamaecyparis
nootkatensis (Grossnickle and Russell, 1993). 

The medium pH is another important factor that affecting adventitious roots formation. In this
study, pH 6.0 was considered as the best pH value for adventitious root induction from leaf explants

of O. stamineus under dark condition as it showed the highest rooting percentage, dry weight, and
number of roots per explant. This result was in accordance with Diane (1997) who reported that a

slightly acidic pH (at the range of 6.3-6.8) was the ideal pH for most plants, as at this range there
is a well-balanced availability of all nutrients. Some plants grow better at higher or lower pH than

6.3-6.8, usually because of specific nutrient requirements. For example; blueberries grow the best around
pH 4.5-4.8. In the present study, rooting efficiency of O. stamineus leaf explants increased

proportionally to the increase of medium pH from pH 4.0 to pH 6.0, in which rooting percentage was
increased from 53.3 ± 11.5% to 95.7 ± 4.2%, respectively. At pH 5.0 and pH 5.8, 57.8 ± 13.8%

and 73.3 ± 6.7% of rooting percentage were recorded. A further increase of pH value to pH 7.0
resulted in decrement in percentage of rooting to 81.9 ± 13.4 % (Figure 4). In the similar pattern,

dry weight of induced roots was increased from pH 4.0 to pH 6.0. The biomass of roots recorded
for pH 4.0, pH 5.0, pH 5.8 and pH 6.0 were 0.001 ± 0.001g, 0.003 ± 0.002g, 0.007 ± 0.005g, and

0.038 ± 0.012g, respectively. When pH of the medium increased to pH 7.0, a sharp decrease (0.029g)
in dry weight was obtained, as compared to the dry weight obtained in pH 6.0 (Figure 5). On the

other hand, a significant higher number of roots per explant (10.0 ± 1.9) was obtained from medium
with pH 6.0 compared to 1.5 ± 0.3 roots in treatment using pH 4.0. In similar pattern, MS medium

with pH 7.0 showed a lower efficiency in rooting (5.7 ± 1.7), a decrement of 4.3 in number of roots
per explants when compared with pH 6.0 (Figure 6).  From the observation, it was discovered that

the day of root initiation was different at different medium pH whereby pH 5.8 stimulated adventitious
root from leaf explants after 7 days of culture. On the other hand, in the medium with pH 4.0, pH

5.0 and pH 7.0, roots were after 9 days of culture. 
Extremely low or high pH was found to affect the nutrients and mineral uptake of plant cell from

its surrounding. The pH has strong effects on the availability of most nutrients. This is because pH
affects both the chemical forms and solubility of nutrient elements (Peter et al., 1999). For instance,

the trace metals such as iron (Fe), zinc (Zn), and manganese (Mn) are more available at lower pH
than most nutrients, whereas Magnesium (Mg) and Molybdenum (Mo) are more available at higher pH

than many other nutrients (Diane, 1997). Under acidic condition with pH less than 5, the availability
of boron (B), and sulfur (S) were reduced and nutrient uptake and forage production was lowered by

more than a third. Additionally, increasing acidity to pH less than 5 can predispose explants to
yellowing and unhealthy. As for the highly acidic condition (pH 3.0 and pH 4.0), low rooting growth

may be contributed by the low availability of calcium (Ca) and phosphorus (P) in the medium. Ca
and P are important mineral required for plant cell in root growth and development (Adams, 1981).

P availability to plant is generally the greatest in the pH range of 5.5 to 6.8. When the medium pH
falls below 5.8, P may reacts with Iron (Fe) and Aluminum (Al) to produce insoluble complexes that

are not readily available for plant cell uptake. Insufficient supplied of Ca for leaf explants can occur
on rooting medium under high acidic condition and may result in low efficiency of rooting (Bennett,

1993). 
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Fig. 4: Percentage of rooting induced from leaf explants of O. stamineus cultured on MS medium

supplemented with different pH values and incubated in dark condition. Bars indicate the
standard deviation. Different letters within each column indicate significant at P < 0.05 in

Turkey’s test.

Fig. 5: Dry weight of roots induced from leaf explants of O. stamineus cultured on MS medium
supplemented with different pH and incubated in dark condition. Bars indicate the standard

deviation. Different letters within each column indicate significant at P < 0.05 in Turkey’s test

Fig. 6: Number of roots induced per leaf explants of O.  stamineus cultured on MS medium

supplemented with different pH and incubated in dark condition. Bars indicate the standard
deviation. Different letters within each column indicate significant at P < 0.05 in Turkey’s test

Apart from the fact that pH affected the nutrients availability to plant cell for rooting, it was

noticed that different pH levels also resulted in mineral toxicity effect such as Aluminum (Al), Iron
(Fe) and Manganese (Mn) toxicity on plant cell (Marschner, 1995). At pH values less than 5 (pH 3.0,
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pH 4.0), Al, Fe and Mn may be soluble in sufficient quantities to be toxic to the growth of some
plants. Smith et al. (1994) reported the potential for active aluminum (Al ) toxicity to plant roots at3+

culture medium with pH of about 4.0. Aluminum toxicity can limit the plant growth in most acidic
medium, and cause detrimental effects to plant root development (Greg and David, 2005). Thus, as

shown in this study though some adventitious roots were found in acidic pH, the amount of roots
induced was relatively low. In addition, low pH condition with high H was also reported to decrease+ 

plant growth (Andrews, 1976). It was suggested that at low pH, net H release by H ATPase activity+ +  

is restricted, thus lead to a shortage of energy supply to the H  ATPase and limiting dry matter+

production during plant growth (Schubert et al., 1990). According to Serrano (1989), net H  release+

by H  ATPase activity is essential for nutrient uptake, turgor generation, external acidification for cell+

wall loosening and cytoplasmic pH regulation. It is unlikely that root growth was totally inhibited
because of lack of nutrient uptake (Andrew and Johnson, 1976). Since the external medium was

acidified by the pH adjusted, H  activity in low pH treatments should have been sufficient for cell+

wall loosening (Feng et al., 1997). It was also reported that root growth at high acidity condition was

primarily affected not in the meristematic tissue but in the extension zone (Feng et al., 1997). This
was in correlation to the results obtained in this study whereby at low pH condition, certain degrees

of roots were still induced but further elongation was inhibited. 
On the other hand, at high pH values (pH 7 and above), P may react with Ca to form insoluble

complexes that are relatively insoluble and have low availability to plant cell (Fageria et al., 1989).
It was shown that at low pH (pH 3 and 4) or high pH (pH 7), a lower rooting ability was observed.

This could be due to the low supplement of free P and Ca for explants in rooting development. This
Phosphate (P) deficiency induces the formation of lateral roots and inhibits root elongation (López-Bucio

et al., 2003). Besides, the availability of potassium (K) and Magnesium (Mg) will become limited for
plant cells when the pH value become higher than 6.5. It was reported that the availability of K and

Mg are most prominent with pH levels at 6.0 to 6.3. K and Mg were known to be important for
plant cell in root development. They are not available for plant cell uptake in too acidic or basic

medium (Greg and David, 2005). Increasing culture medium alkalinity to pH greater than 7 can also
be harmful. High medium pH may reduce the availability of iron (Fe), manganese (Mn), zinc (Zn),

copper (Cu) and cobalt (Co), and create forage production problems similar to increased acidity
(Silveira et al., 2007).

Apart from the sucrose concentrations and medium pH that affected the adventitious roots formation
in O. stamineus, further studies should also be conducted on other factors such as ammonium/nitrate

ratio, strength and type of the medium, before a reliable and improved root culture system can be
cultivated in the bioreactor for the production of pharmaceutically and nutraceutically important

metabolites.
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