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ABSTRACT
A method for the vegetative propagation of Dillenia suffruticosa with important cultural,

medicinal and ecological values was developed. Juvenile stem cuttings were collected from wild
populations in Brunei Darussalam. The cuttings with  or  without  leaves  were  treated with Indole
Butyric Acid (IBA), Naphthaleneacetic acid (NAA), or Indole Acetic Acid (IAA) at 0, 0.01, 0.05, 0.10,
or 0.20% (w/v) using a quick-dip method, planted in rooting media and kept in a misted greenhouse.
The survival and rooting percentages, number and length of new roots produced, number and area
of leaves and Relative Growth Rate (RGR) based on stem length and stem diameter were assessed
at a 4-week interval for 24 weeks. The leafless cuttings and leafy cuttings treated with distilled
water after week 4 and 16, respectively, did not survive. All of the leafy stem cuttings treated with
0.10 and 0.20% NAA and 0.20% IAA survived for 24 weeks. Leafy stem cuttings treated with 0.10
and 0.20% NAA and not ABA had formed significantly more and longer roots than cuttings in the
other treatments at week 8. Leafy stem cuttings treated with 0.10% IAA had more new leaves and
greater leaf area, than cuttings in the other treatments at week 8. There were no significant
differences in the RGR of  leafy  stem  cuttings  among  the  different  treatments at week 8. This
study demonstrates that treatments with 0.10-0.20% NAA and  0.10%  IAA and not IBA resulted
in the development roots and shoots from leafy stem cuttings and can be used for the mass
production of D. suffruticosa plantlets, which will prevent the over exploitation of wild stocks.
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INTRODUCTION
Dillenia suffruticosa (Griff. ex Hook. f. and Thomson) Martelli belong  to the family

Dilleniaceae, which  contains  approximately 12 genera and 350 species (Cullen, 2001). In Brunei
Darussalam, D. suffruticosa is a common evergreen shrub that is known by various local Brunei
names, for example simpur air, jingin and tengering (Said et al., 2003). Its flower has been selected
as the national flower and is featured on Brunei’s one-dollar note (Thurman and Cheong, 2008;
LaFrankie, 2010). The flower represents favorable economic growth and the green leaf represents
the progress of Brunei’s economy. 

Besides its ornamental values, D. suffruticosa also has high potential values as a medicinal and
herbal plant. Its roots were shown to exhibit anticancer activity and  have antioxidant activity and
stronger cytotoxic activity than extracts from  other  parts  of  the  plant  (flower,  fruit  and  leaf)
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(Armania  et al., 2013; Tor et al., 2014). However, the leaf extract showed antibacterial and
antiviral properties (Wiart et al., 2004; Wiart,  2006;  Muliawan,  2008).  Moreover,  the  fruit  of
D. suffruticosa can be used as treatment for cancerous growths (Ahmad and Holdsworth, 1995). In
folk remedies, the compressed leaves and boiled roots of D. suffruticosa have been used to ease
stomach cramps (Adfa, 2005).

As well as its medicinal and bioactive properties, D. suffruticosa is one of the best potential
plants to rehabilitate and stabilize slopes to prevent landslides (Mafian et al., 2009). This plant is
also an important component of the ecosystem as the fruits are food for wild birds and mammals
and the pollen is an important food source for Xylocopa (carpenter bees) species (Thurman and
Cheong, 2008). The large leaf of D. suffruticosa is often made into nests by birds.

Even though D. suffruticosa is a very common plant in Brunei Darussalam, its seeds have a
very low germination rate. Consequently, it is very difficult to obtain seedlings via seed propagation
(Besar, 1995; Manjul, 2013). In this respect, Baskin and Baskin (2001) reported that the seeds
germinated readily after imbibing water. However, Manjul (2013) obtained the opposite result and
showed that seeds failed to germinate after imbibing water. The problems of low germination
percentages and slow germination rates may be overcome by using vegetative propagation
techniques, for example, using stem cuttings, because such techniques do not rely on seeds
(Munjuga et al., 2008).

Auxins are plant growth regulators that are used to induce root formation from cuttings.
Various auxins have been shown to improve overall rooting percentages, hasten root initiation,
increase the number and quality of roots (Blythe et al., 2007) and promote the development of
uniform roots (Boyer et al., 2013). Auxins induce root formation and establish hormonal signals
that control root development (Went, 1938; Calenza et al., 1995). Different auxins have been used
in the vegetative propagation of tropical shrubs and trees with medicinal and timber values
(Husen, 2008; Kipkemoi et al., 2013). Auxin-treated stem and leaf cuttings form adventitious roots;
making auxins the most commonly used plant hormones in vegetative propagation (Wiesman et al.,
1988; Overvoorde et al., 2010). However, the responses to different types and concentrations of
auxins vary among plant species and are affected by genotype (Guo et al., 2009).

The aim of this research was to develop methods for the conservation of D. suffruticosa. If this
plant is to be used for its cultural, medicinal and ecological values, it is important to have a large
and reliable source of plant materials so that no plants will be collected from wild populations.
Treating stem cuttings with rooting hormones, such as auxins, is a traditional and promising
method for the multiplication and vegetative propagation of this plant.

The specific objectives of this study were to determine the effects of different types and
concentrations of auxins on the survival, rooting and growth of stem cuttings and to determine
whether the presence of leaves on cuttings is important for their survival, rooting and growth.

MATERIALS AND METHODS
Sampling sites: Stock plants of D. suffruticosa (average height = 100±0.05 cm) were selected from
wild populations growing in the coastal areas of Brunei Darussalam (Table 1). In total, 260
randomly chosen juvenile stems (one stem cutting per plant) were sampled from March to June
2014. One two-node stem cutting 8-12 cm long and 0.6-1.2 cm in diameter was sampled from each
plant to reduce over harvesting of wild plants. Healthy and uniform stem cuttings were collected
at all sampling sites in the early morning (07:00) to minimize drying.
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Table 1: Global positioning system  coordinates and elevations of sampling sites of wild populations of Dillenia from which stem cuttings
were obtained. All wild populations were located in coastal areas of Brunei Darussalam

Sampling sites Site No. GPS coordinates Elevation (m) No. of stock plants Average height of stock plants (cm)
Penanjong, Tutong 1 4°50'07.50'' N 21 70 100±0.05

114°40'33.68'' E
2 4°49'23.30'' N 26

114°40'32.83'' E
Jalan Pasir Berakas, Berakas B 3 4°58'41.76'' N 24 35 100±0.05

114°56'57.13'' E
Muara-Tutong highway 4 4°58'59.81'' N 28 155 100±0.05

114°54'20.34'' E
5 4°58'59.81'' N 31

114°54'20.34'' E
One juvenile stem cutting was collected from each plant. Sampling was conducted from March to June 2014

Table 2: Total number of cuttings in different types and concentrations of auxins and types of stem cuttings
Concentrations of auxins (%)
-------------------------------------------------------------------------------------------------------

Auxins and treatment 0 0.01 0.05 0.10 0.20 Total no. of cuttings
NAA
With leaves - 10 10 10 10 40
Without leaves - 10 10 10 10 40
IAA
With leaves - 10 10 10 10 40
Without leaves - 10 10 10 10 40
IBA
With leaves - 10 10 10 10 40
Without leaves - 10 10 10 10 40
Control
With leaves 10 - - - - 10
Without leaves 10 - - - - 10

Type of stem cuttings: Two types of tip stem cuttings were prepared according to Aminah et al.
(1995). The first is leafy cutting in which two-thirds of the leaves were removed and the second is
cutting without leaves. All flowers, flower buds and fruits on the stem cuttings were removed and
the basal parts of the stems were trimmed just below the node.

Types and concentrations of auxins: Three types of auxins were used: 1-naphthaleneacetic acid
(NAA), 3-indoleacetic  acid (IAA) and Indole-3-Butyric  Acid  (IBA).  The  treatment method was
that described by Guo et al. (2009). A 0.20% (w/v) stock solution of each auxin was prepared and
then 0.01, 0.05  and  0.10%  w/v solutions were prepared by dilution. Ten cuttings (n = 10) were
used for each treatment, including the control (double distilled water) (Table 2). Cuttings were
dipped quickly (5-8  sec)  into  the  test  solution  (5  mL) and then planted in square plastic pots
(36 cm2×6.0 cm) containing a 1:1 mixture of black soil and perlite (1 cutting per 625 g soil). The
cuttings were grown in this medium until roots started to appear. Both the soil and perlite were
autoclaved before potting to prevent fungal and microbial growth. The cuttings were placed in a
hole in the soil medium that was made with a pencil and the soil was pressed firmly around the
cutting. After 6 weeks, the plants were re-potted into larger square pots (121 cm2×13 cm) with the
same growth medium (800 g). After 10 weeks, the medium was replaced with black soil (950 g)
supplemented with slow-release fertilizer (N-P-K; 15:15:15).

Preparation of growth media and growth conditions:  The cuttings were kept in a
greenhouse at the Biology Lab, Universiti Brunei Darussalam for the first 10 weeks of this
experiment. Pots were arranged in two rows on benches inside the greenhouse. Misting units were
located 80 cm above the benches and released water  mist  for 1  min  at  5 min  intervals.  The  pots
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containing the cuttings were covered with a plastic sheet to prevent water loss from the soil and
to maintain high atmospheric humidity. The stem cuttings were grown at 22-29°C, relative
humidity of  80-90%  and  light  at  300  μmol mG2  secG1  (measured  with  an  Apogee Quantum
MQ-200 PAR Meter, Apogee Instruments, UK). The pots were placed in a random arrangement on
the benches and were moved to new random positions each week. After 10 weeks, the cuttings were
moved  to  a  shade house  and   grown   at  22-34°C,  relative  humidity  of  60-75% and  light at
450 μmol mG2 secG1. The cuttings were watered twice a day.

Assessment of cuttings: The following parameters for stem cuttings in each treatment were
calculated  according   to   Aminah  et  al. (1997):  survival  percentage  (%),  rooting  percentage
(%), number  of  roots,  total  length  of  roots  (cm),  number  of  new  leaves  and  leaf  area  (cm2).
These  parameters  were  analyzed  and  recorded  at  every  4 week  intervals  from   week  0
(initial measurement) to week 24. Stems that turned brown were considered dead and discarded
to assess the survival percentage, the number of cuttings surviving at each sampling time was
divided by the total number of cuttings per treatment. Stem cuttings with root length of 1 cm or
longer were considered to be rooted, as described by Baul et al. (2011). The rooting  percentage  was
determined at every 4 week intervals by dividing the number of rooted cuttings by the total number
of cuttings in each treatment.

The numbers of new roots and leaves on each rooted cutting were counted and total root length
was measured (cm) using a vernier caliper. All newly produced leaves were traced onto blank
paper. The leaf shapes were cut from the paper and leaf areas were measured (in cm2) using a leaf
meter (ADC, BioScientific Ltd., England).

Relative Growth Rates (RGRs) based on the change in stem diameter and stem length of
seedlings over time were calculated as described by Hunt (1982), as follows:

e 2 e 1

2 1

log  W log  WRGR = 
t t



where, W2 and W1 represent the final and initial stem diameter for RGRstem diameter and the final and
initial stem length (cm) for RGRstem length  and t2 -t1  was 8 weeks. The calculations of RGR values were
based on stem diameter and stem length measured at week 8. Although the rooting percentage,
number and length of new roots produced, number and area of leaves of leafy stem cuttings were
measured at every 4 weeks until week 24, only data collected at week 8 was used in the statistical
analysis, due to high mortality of leafy stem cuttings after week 8. 

Statistical analysis: The survival and rooting percentage data was arcsine-square transformed
before statistical analysis. The number of roots, total root length, number of new leaves, leaf area,
RGRstem diameter and RGRstem length were compared between the two cutting types (leafy and no-leaf
cuttings)  and  among  the  three  auxin  types  (NAA,  IAA,  IBA) and four auxin concentrations
(0, 0.01, 0.05, 0.10 and 0.20% w/v) using a three-way analysis of variance (ANOVA), followed by
Tukey’s Honest Significant Difference (Tukey’s HSD) tests. However, since none of the no-leaf stem
cuttings survived, two-way ANOVA and Tukey’s HSD tests were conducted. Assumptions of
normality and equal variances were checked during the two-way ANOVA and were not violated.
All statistical analyses were conducted using R version 3.1.2 (R Development Core Team, 2014).
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RESULTS
Survival percentages of stem cuttings: Both treated and non-treated leafless stem cuttings did
not survive after week 4 (data not shown), whereas all of the leafy stem cuttings that were treated
with different auxins and water (control) survived (Fig. 1), giving higher survival rates than that
of the control after 8 weeks of growth. In the control, leafy stem cuttings showed an 80% survival
rate at week 8 but all of them died from week 16 onwards (Fig. 1). Leafy stem cuttings treated with
NAA at 0.05, 0.10 and 0.20% or with IAA or IBA at 0.10 and 0.20% showed 100% survival at week
8 (Fig. 1). From weeks 16-24, the survival rates of leafy stem cuttings treated with IBA at 0.01%
(20-30%) or IAA at 0.05% (30%)  were  higher than that of leafy stem cuttings treated with NAA
(Fig. 1). None of the leafy stem cuttings treated with a low concentration of NAA (0.01%) survived
after week 16, however, those treated with higher concentrations of NAA (0.10 and 0.20%) or IAA
(0.20%) showed a 100% survival rate at week 24 (Fig. 1). Because of the high mortality rates of
cuttings treated with low auxin concentrations, the statistical analyses were based on data obtained
at week 8. This allowed us to compare survival rates and rooting percentages among all of the types
and concentrations of auxins (Fig. 1).

Rooting percentages and number and length of roots on stem cuttings: The leafy stem
cuttings that were treated with auxins or distilled water (control) were able to form roots in the
first 4 weeks after treatment. However, because of the high mortality rates of leafy stem cuttings
from week 8-24, especially those treated  with  low  auxin concentrations, root data obtained at
week 8 were used for  the  statistical  analyses.  The  leafy stem cuttings treated with auxins rooted
better (formed more roots and longer roots) than control cuttings. In the control, 40% of the leafy)

Fig. 1(a-d): Survival percentages of leafy stem cuttings (initial number of stem cuttings = 10) of
Dillenia suffruticosa after treatments with water (control) or with different
concentrations (a) 0.01, (b) 0.05, (c)  0.10 and (d) 0.20% w/v of auxins (NAA, IAA, or
IBA) over 24 weeks
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Fig. 2: Rooting percentages of leafy stem cuttings (initial number of stem cuttings = 10) of Dillenia
suffruticosa at 8 weeks after treatments with different concentrations (0.01, 0.05, 0.10, or
0.20%) of auxins (NAA, IAA, or IBA)

Table 3: F-statistics and  p-values following two way analysis of variance of parameters of Dillenia suffruticosa treated with different types
auxins (NAA, IAA, or IBA) at various concentrations (0.01, 0.05,0.10, or 0.20%)

Factor df F p
Number of roots
Auxin 3 72.7 <0.001
Concentration 3 103.0 <0.001
Auxin×concentration 9 50.7 <0.001
Length of roots (cm)
Auxin 3 135.8 <0.001
Concentration 3 110.6 <0.001
Auxin×concentration 9 78.3 <0.001
Number of new leaves
Auxin 3 18.9 <0.001
Concentration 3 12.5 <0.001
Auxin×concentration 9 1.4 <0.001
Leaf area (cm2)
Auxin 3 19.6 <0.001
Concentration 3 13.2 <0.001
Auxin×concentration 9 1.7 <0.001
RGR based on stem length (cm)
Auxin 3 7.5 <0.001
Concentration 3 4.4 <0.001
Auxin×concentration 9 2.3 <0.1
Data collected at week 8 were used in statistical analyses, df: Degrees of freedom, NS: Not significant

stem cuttings had formed roots by week 8 (Fig. 2), whereas 100% of those treated with high
concentrations of NAA or IAA (0.10 and 0.20%) had formed roots at week 8 (Fig. 2).

There were significant differences in the mean number of roots and root length among the
different types of auxins (p<0.001) and among the different concentrations of auxins (p<0.001).
There was also a significant interaction between the types and concentrations of auxins (p<0.001)
(Table 3).

Similar  to  the  survival  percentages, high concentrations of NAA resulted in significantly
more roots per cutting  (0.10%  NAA  = 2.10±0.23;  0.20%    NAA   =   4.70±0.30)   and   longer  roots
(0.10% NAA = 29.8±4.6 cm and 0.20% NAA = 58.9±3.7 cm) compared with other auxin treatments 
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Fig. 3(a-b): (a) Number of roots and (b) Length of roots on leafy stem cuttings (n = 10) of Dillenia
suffruticosa at 8 weeks after treatment with different concentrations (0.01, 0.05, 0.10,
or 0.20%) of auxins (NAA, IAA, or IBA). Different letters within each auxin
concentration indicate significant differences compared with control (p<0.05; one-way
ANOVA followed by Tukey’s HSD). No letter indicates that cuttings did not form roots;
therefore, these treatments were excluded from statistical analyses

and the control (p<0.05) at week 8 (Fig. 3). The cuttings treated with 0.20% NAA showed the
highest mean number of new roots and the longest roots but stem cuttings treated with a lower
NAA concentration (0.01%) produced no new roots (Fig. 3). Cuttings treated with IBA or IAA
produced few or no roots (Fig. 3).

Number of new leaves and leaf areas of stem cuttings: There were significant differences in
the mean number of leaves and leaf area among the different auxins (p<0.001) and the different
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concentrations of auxins (p<0.001). For these parameters, there was also a significant interaction
between the types and concentrations of auxins (p< 0.001) (Table 3). The cuttings treated with IAA
formed more new leaves (0.20±0.13 at 0.01%, 1.40±0.22 at 0.20%) than did the cuttings treated with
the other auxins. The IAA treated cuttings also showed the largest new leaf area (23.54 ±2.99 cm2

at 0.01%, 299.60±47.89 cm2 at 0.20%). The stem cuttings treated with 0.10 and 0.20% NAA formed
some new leaves but those treated with distilled water, 0.01 and 0.05% NAA and 0.05 and 0.20%
IBA did not form any new leaves (Fig. 4).

Fig. 4(a-b): (a) Number of new leaves and (b) Areas of leaves on leafy stem cuttings (n = 10) of
Dillenia suffruticosa at 8 week after treatment with  different concentrations (0.01,
0.05, 0.10, or 0.20%) of auxins (NAA, IAA, or IBA). Different letters within each auxin
concentration indicate significant differences compared with control (p<0.05; one-way
ANOVA followed by Tukey’s HSD test or t-test). No letter indicates that cuttings did
not produce new leaves, so these treatments were excluded from statistical analyses
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Fig. 5: Relative growth rate based on stem  length  of leafy stem cuttings (n = 10) of Dillenia
suffruticosa at 8 weeks after treatment with different concentrations (0.01, 0.05, 0.10, or
0.20%) of auxins (NAA, IAA, or IBA). Different letters within each auxin concentration
indicate significant difference compared with control (p<0.05; one-way ANOVA followed by
Tukey’s HSD test). No letter indicates that cuttings had not shown an increase in growth
and so these treatments were excluded from statistical analyses

Relative growth rate based on stem length and stem diameter of stem cuttings: The RGR
based on stem diameter was not included in statistical analyses because there was no noticeable
increase in stem diameter during the experiment. The stem diameter measured at 4 week  interval
was the same as the initial stem diameter for each leafy stem cuttings.

The mean RGR based on the stem length (cm cmG1 dayG1) at week 8 differed significantly among
the three types of auxins (p<0.001) and among the different auxin concentrations (p<0.001). The
interaction between the types and concentrations of auxins was not significant (p>0.05) (Table 3).
However, when the RGR data was analyzed using one way ANOVA or t-test within each auxin
concentration,  there  were  no  significant  differences  among  the  three  types  of  auxins (p>0.05,
Fig. 5). The  highest  mean RGRstem  length  was  in  stem  cuttings  treated  with 0.20% NAA
(0.03±0.01 cm cmG1 dayG1) (Fig. 5). All of the leafy cuttings treated with auxins at 0.10% showed
higher RGRs based on stem length than that of the control cuttings (Fig. 5).

DISCUSSION
Importance of presence of leaves and auxins in vegetative propagation techniques: In
this study, none of the stem cuttings without leaves that are treated with auxins or not survived
after 4 weeks. Several other studies have reported that stem cuttings without leaves showed a high
mortality rate in vegetative propagation (Badji et al., 1991; Ofori et al., 1996; Akinyele, 2010). This
is because an active leaf is necessary to provide energy for the growth of stem cuttings, as there are
very little reserves in the stem (Reuveni and Raviv, 1980). According to Reuveni and Raviv (1980),
leafy cuttings of avocado (Persea americana Mill.) showed a higher rooting percentage and sucrose
content at the base than that of cuttings without leaves. For many species, the presence of leaves
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on  cuttings  has  been  shown  to  stimulate root initiation (Hartmann et al., 1990). Leaves are
important because they promote root formation and manufacture carbohydrates via photosynthesis
(Sandhu et al., 1989). Rooting is stimulated by high levels of available carbohydrates provided by
the leaves. Therefore, for cuttings to form new shoot and root tissues, it is important that they are
supplied with appropriate amounts of light and water, since both are required for photosynthesis
(Wage, 2001). 

According to Wage (2001), a misting system is important for vegetative propagation to ensure
sufficient moisture in the rooting media and provides high humidity conditions for stem cuttings.
The current study presented that treating leafy stem cuttings with auxins was also important for
obtaining high quality planting stocks of D. suffruticosa, because none of the non-treated leafy stem
cuttings, which are those treated with only water, survived after week 16. The function of auxins
in root initiation is important for the survival of stem cuttings. Uniyal et al. (1993) found that the
formation of roots on cuttings treated with auxins was important for survival, as cuttings in the
control that did not form roots wilted and died. Similarly, Srivastava et al. (1986) reported that the
majority of dipterocarp shoots wilted if roots failed to form.

Effects of auxin types and concentrations on survival and rooting percentages and
growth: The results of this study illustrate the importance of identifying appropriate types and
concentrations of auxins to promote rooting in vegetative propagation. According to Sandhu et al.
(1989), root formation is induced more effectively by auxins than by other plant growth regulators
including cytokinins, gibberellins and ethylene. Plant growth regulators are applied exogenously
to produce a variety of growth effects, because endogenous hormones are usually at sub-optimal
levels, as low as 1 μM in plant tissues (Pessarakli, 2002). Auxins are also known to enhance the
hydrolysis of nutritional reserves in the plant. In this study, the types and concentrations of auxins
significantly affected the survival and rooting percentages of stem cuttings and higher
concentrations of NAA and IAA resulted in greater survival percentages at 24 weeks. Low
concentrations of NAA and IAA resulted in no rooting or low rooting percentages. Exogenous auxins
were shown  to  increase  the availability of carbohydrates at the site of root development
(Middleton et al., 1980). According to Middleton et al. (1980), auxins may directly control the
mobilization of carbohydrates from the leaves to the hypocotyl and roots. 

All of the stem cuttings of D. suffruticosa treated with 0.10 and 0.20% NAA and IAA formed
roots within 8 weeks. Higher concentrations of NAA and IAA resulted in more roots per cutting and
longer roots. The IBA was less effective than IAA and NAA at inducing the formation of healthy
roots, especially at high concentrations. High IBA concentrations may have been toxic to the
cuttings, as was the case for Holarrhena pubescens cuttings (Baul et al., 2010).

Based on the survival and rooting percentages, the results of this study confirmed that NAA
(0.10  and  0.20%)  and IAA (0.20%) treatments were appropriate for rooting and survivorship of
D. suffruticosa cuttings. Numerous studies ( De Klerk et al., 1997; Thirunavonkkarasu and Saxena,
1997; Soyler and Arslan, 2000; Boyer and Graves, 2009; Avci et al., 2010) also reported that IAA
was the best auxin to induce root formation on stem cuttings. 

However, various species respond differently to different types of auxins (Brown, 2008). The
initiation and development of roots on stem cuttings is controlled by complex ecophysiological and
biochemical processes, as well as anatomical factors (Uniyal et al., 1993). According to
Veeraragavathatham et al. (1983), the rooting of stem cuttings is also dependent on endogenous
growth regulators and the inactivation of various enzymes. In a previous study, different types of
roots formed in response to NAA and IBA treatments; IBA induced a strong fibrous root system to
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form, while NAA resulted in a bushy root system (Brown, 2008). Dillenia suffruticosa has very
bushy adventitious roots, making NAA the most appropriate hormone for its rooting.

In this study, leafy cuttings treated with 0.10% IAA formed the most new leaves and produced
the largest new leaf area. The leafy cuttings in this treatment also showed a high rooting
percentage, indicating that better leaf development was related to better rooting. Seran and
Umadevi (2011) reported that stem cuttings of Citruslimon L. treated with IAA were able to
produce a large number of new leaves because they had developed a vigorous rooting system.
Stancato et al. (2003) showed that roots enabled cuttings to absorb more nutrients and produce
more leaves. Cuttings with more new leaves and more shoots showed higher survivorship rates
when grown in natural conditions (Pessarakli, 2002). 

Juvenile D. suffruticosa cuttings were used in this study because other studies have shown that
juvenile shoot cuttings  are  more  responsive  than  mature  ones  to   plant   growth  regulators
(Ab Shukor and Liew, 1994). Compared with mature stems, juvenile stems contain negligible
amounts of  rooting  inhibitors  and  have  less  differentiated  cells  and  more actively dividing
cells (Paton et al., 1970; Hartmann et al., 1990; Lakshmanan et al., 1995). Several other studies
have reported that  juvenile  cuttings  of  tropical  plants such as Dryobalanops oblongifiolia,
Shorea acuminata, S. parvifolia and S. leprosula formed new roots more readily than did cuttings
from mature plants (Penguang, 1978; Alias, 1984; Ab Shukor and Liew, 1994). The condition of
stock plants from which cuttings are taken is also important, because only healthy plants that are
free of disease and insect damage will produce high quality planting stocks (Wage, 2001). However,
stems need to be cut at the right position to allow for subsequent root formation. They should be
cut below the nodes to include the very active dividing cells that are more likely to form roots
(Wage, 2001).

At 8th week, the RGR values based on stem length and stem diameter did not vary significantly
among the different treatments. The cuttings produced roots and new leaves based on the types and
concentrations of auxins but their stem length/stem diameter were not affected. This result differs
from those of Memon et al. (2013), who reported that cuttings of Bougainvillea treated with NAA
showed a greater increase in stem length per cutting than did those in the control.

CONCLUSION
A method for the vegetative propagation of D. suffruticosa was developed and the presented

results showed that juvenile leafy stem cuttings treated with auxins formed roots and new leaves.
Stem leafy cuttings treated with 0.10 and 0.20% NAA showed high survival and rooting
percentages. The stem leafy cuttings treated with 0.20% IAA showed a 100% survival rate and
strong shoot development (highest number of new leaves and largest new leaf area). At week 8,
cuttings treated with 0.10 and 0.20% NAA had formed significantly more roots and longer roots,
than cuttings in the other treatments.  All  of  the  leafy  cuttings  treated  with  NAA  or IAA at
0.10 and 0.20% formed roots. None of the treatments resulted in differences in RGRstem length and
RGRstem diameter at 8or 24 weeks, suggesting that 24 weeks may not be long enough to observe
differences in growth related to the different auxin treatments. The results of this study showed
that NAA and IAA are suitable for the mass propagation of D. suffruticosa cuttings. In particular,
0.10-0.20% NAA and 0.10% IAA and not ABA treatments led to root and shoot development from
stem cuttings. Rooting of stem cuttings of D. suffruticosa is a viable propagation method to produce
sufficient resources for habitat rehabilitation and for research on the medicinal properties of this
important plant.
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