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Abstract
This study was done to determine the most suitable concentration of IBA for better establishment of stem cuttings of dragon
fruit (Hylocereus undatus). Therefore, the stem cuttings were dipped in various concentrations of IBA and then planted in the
polythene bags containing sand: top soil: cow dung at a rate of 2:1:1. This experiment was designed in Completely
Randomized Design with three replicates. The treatments included 2000, 4000, 6000, 8000 ppm concentrations of IBA and a
control. The results revealed that cuttings treated with 8000 ppm IBA gave the best root growth and it was not significantly
different from the higher concentrations of IBA (6000 ppm). At 60 days after planting of cuttings, shoot length (9.5 cm), shoot
fresh (10.25 g) and dry (0.59 g) weights were recorded higher in cuttings dipped in 6000 ppm concentration of IBA. The
results suggest that IBA at 6000 ppm concentration is better for the establishment of the dragon fruit cuttings.
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1. Introduction
Dragon fruit is a member of the family Cactaceae and
perennial, climbing cactus with triangular green stem. Aerial
roots grow from the base of the stems, providing anchorage
for the plants (Zee et al., 2004). The commonly cultivated
vine cactus is Hylocereus undatus (Haw.) and it is a fruit crop
as well as an ornamental plant. Dragon fruit is valuable for
treating different types of diseases and also has significant
economic value (Suryono, 2006). It is usually propagated by
seeds or cuttings. Seed propagation method is very simple
but seeds are not true to type due to cross pollination and also
seeds are to be stored for about 28 days without losing
viability (Andrade et al., 2005). Therefore large number of
plantlets with healthy shoot and root system can be produced
to meet the demand of increasing commercial cultivation
through vegetative propagation methods.
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Dragon fruit is propagated by stem cuttings which may be
planted directly in the field or in pots (Zee et al., 2004).
Cuttings are dipped in rooting hormone before planting to
boost root formation. In many plant species, vegetative
propagation is normally practiced using stem cuttings
(Abdullah et al., 2005; Henrique et al., 2006). In some
species, rooting occurs in cuttings without auxin treatment
but in others cuttings do not root easily (Hartmann et al.,
2002; Blythe et al., 2004). There is a possibility for
expansion of dragon fruit cultivation in Sri Lanka. This
experiment was carried out to study the effect of indole
butytic acid (IBA) on establishment of stem cuttings and to
select the optimum concentration of IBA for better growth of
stem cuttings of dragon fruit.
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2. Materials and Methods
This study was conducted in a net house at the Eastern
University of Sri Lanka and this was set in a Complete
Randomized Design with three replicates for each treatment.
The treatments were different concentrations (0-8000 ppm)
of IBA. Stem cuttings (10 cm long) were collected early in
the morning and the basal part (about 1 inch) of the cuttings
was dipped into different concentrations of IBA for 15 sec. In
control treatment, cuttings were immersed in distilled water.
Top soil, sand, cow dung at the rate of 1:2:1 were mixed
thoroughly and soil mixture was filled in each polythene bag
(12 cm long and 6 cm width) upto three fourth of its length.
After soaking the cuttings, they were placed into soil mixture
and kept in a net house. Water was sprayed over the cuttings
daily morning and evening. This experiment was repeated
twice.
Growth of cuttings is usually measured in terms of increase
in dry weight and height. Such measurement indicates that
growth rate varies with the age of the cuttings. Number and
length of roots as well as fresh and dry weights of root and
shoot were recorded at 60 days after planting of cuttings. The
collected data were analyzed using Statistical Analyzing
System (SAS). The treatment means were compared using
Duncan’s Multiple Range Test (DMRT) at 5% significant
level.

3. Results and Discussion
3.1. Number of Roots
Table 1. Effect of IBA concentrations on number of roots and length of
longest root & shoot per cutting at 60 days after planting.
IBA (ppm)
0 (control)
2000
4000
6000
8000
F test

Root numbers
per cutting
7.0 ± 1.0c
9.7 ± 2.7bc
11.0 ± 2.5bc
15.3 ± 1.4ab
19.3 ± 3.3a
*

Longest root
length(cm)
11.0 ± 1.5c
14.3 ± 0.9bc
16.0 ± 1.1b
21.3 ± 2.0a
22.0 ± 0.6a
*
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endogenous or exogenous auxin. The roots are vital organ for
anchorage and absorption of water and minerals from the soil
for growth of cuttings. This finding is supported by Fathi and
Ismailpor (2000) who reported that auxin enhances the root
formation in cuttings. In Ginkgo biloba, the highest
percentage of rooted cuttings was noted in 4000 ppm IBA
(Barzegaret al., 2004).
The maximum average number of roots (19.3) per cutting
was observed in 8000 ppm IBA and minimum average
number of roots (7.0) was in absence of IBA i.e. control.
Application of the different concentrations of IBA may direct
to vary in number of roots per cutting. Hashemabadi and
Sedaghathoor (2005) indicated that 4000 ppm IBA was the
most suitable concentration to boost rooting of cuttings in
Camellia japonica while Reddy et al. (2005) mentioned that
maximum number of roots was recorded with 2000 ppm IBA
in cuttings of scented geranium. The results obtained with
IBA were in conformity with several researchers but effective
concentration of auxin for increased rooting varies with
plants.
3.2. Longest Root Length
The average length of longest roots per cutting was
significantly (P<0.05) varied among the treatments (Table 1).
The maximum average length of longest root was attained in
8000 ppm IBA without statistical difference with the 6000
ppm IBA while the shortest average length of longest root
was in the control (Table 1 and Plate 1). The average value of
longest root length ranged from 11.0 cm to 22.0 cm. It is
supported by Reddy et al. (2005) who minimum Length of
longest root was observed with control in scented geranium
cuttings and maximum with IBA at 2000 ppm.

Shoot length(cm)
4.3 ± 1.0c
4.6 ± 1.4c
7.3 ± 1.5ab
9.5 ± 1.3a
6.8 ± 1.2b
*

Values are means± standard error of three replicates. Means followed by the
same letter are not significantly different from each other at 5%significant
level according to the Duncan’s Multiple Range Test. F test: *: P <0.05.

The result showed that different treatments had remarkable
effect (P<0.05) on the average number of roots per cutting
(Table 1). IBA concentration at 8000 ppm significantly
differed from other treatments except 6000 ppm IBA. The
degree of root formation per cutting steadily increases with
increase concentration of IBA among tested treatments. It
may be due to the presence of exogenous auxin treated
cuttings. Fathi and Ismailpor (2000) stated that there is a
correlation between primordia division in root initiation and

Plate 1. Ex vitro rooting of dragon fruit cuttings at 60 days after planting.
[1 - Control treatment; 2 - Cutting treated in 2000 ppm; 3 - Cutting treated in
4000 ppm; 4 - Cutting treated in 6000 ppm; 3 - Cutting treated in 8000 ppm]

The average length of longest roots increased gradually with
increase in IBA concentration. Difference in length of longest
roots between treatments may be due to application of IBA
that may initiate hydrolysis of nutritional reserves in cuttings
to increase root length. Bajwaet al. (1977) found treatment
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with IBA at a concentration of 100 ppm not only induced
more roots per cutting but also the length of the roots.
Sharma et al. (2002) observed the highest length of root per
cutting in Gradenia lucida when treated with 2000 ppm IBA.

These results were confirmed by Sharma et al. (2002) who
recorded the highest fresh weight of roots per cuttings of
Gardenia lucida when treated with auxin. IBA stimulates
root growth (Shofiana et al., 2013).

Plate 2. Shoot length of dragon fruit cuttings at 60 days after planting.
[A- Shoot length of cuttings in control (1) and 6000 ppm (2); B- Shoot
length of cuttings in control (1) and 8000 ppm (2)]

3.3. Shoot Length
There was a significant difference (P<0.05) in average length
of shoot among the treatments (Table 1). Highest length (9.5
cm) of shoots was recorded in cuttings dipped in 6000 ppm
concentration of IBA and lowest length (4.3 cm) was in the
absence of IBA i.e. control (Table 1 and Plate 2).All IBA
treatments gave better shoot growth compared to control.
Reddy et al. (2005) stated that auxin cause increased linear
growth of stem due to cell elongation and maximum shoot
length was recorded with the application of auxin (IBA,
NAA) at 2000-2500 ppm in scented geranium cuttings.
3.4. Fresh Weight of Shoots
The fresh weight of shoots showed remarkable variations
(P<0.05) between the treatments (Figure 1). The mean fresh
weight of shoots ranged from 2.68 g to 10.25 g. Highest fresh
weight (10.25 g) of shoots was recorded in cuttings dipped in
6000 ppm concentration of IBA which was significantly
differed from other treatments except 4000 ppm
concentration.
3.5. Fresh Weight of Roots
Statistical analysis of data on fresh weight of roots indicated
significant differences (P<0.05) between the treatments
(Figure 1). The mean fresh weight of roots ranged from 0.55
g to 2.96 g. The root weight was not significantly differed by
treating cuttings with 2000, 4000 and 6000 ppm IBA. The
increase in root weight is related to number of roots. Higher
fresh weight (2.96 g) of roots was recorded in cuttings dipped
in 8000 ppm concentration of IBA which was remarkably
varied from other treatments. All IBA treatments gave better
results in root formation compared to control. IBA enhanced
the number of roots as a result the roots absorbed more
nutrients from soil consequently it leads to better root growth.

Figure 1. Fresh weight of shoot and root of cutting in different treatments at
60 days after planting of cuttings.

3.6.Dry Weight of Shoots
The result recorded on dry weight of shoots clearly showed
significant variations (P<0.05) among the treatments (Table
2). Mean dry weight of shoots ranged from 0.15 g to 0.59 g.
IBA concentration at 6000 ppm significantly differed from
other treatment expect 4000 ppm concentration. The
maximum dry weight of shoots (0.59 g) was recorded in
cutting dipped in 6000 ppm concentration of IBA and
minimum dry weight of shoots (0.15 g) was observed in the
absence of IBA i.e. control. Auxin (NAA) enhanced
development of shoot initials and their further development
in rose cutting (Rahmat et al., 2007).
Table 2. Effect of IBA concentrations on dry weight of shoots per cutting at
60 days after planting
Treatments
0
2000
4000
6000
8000
F value

Dry weight of shoot (g)
0.15± 0.00c
0.17± 0.03c
0.47± 0.02ab
0.59± 0.05a
0.36± 0.01b
**

Dry weight of roots (g)
0.14 ± 0.01d
0.29 ± 0.02c
0.35 ± 0.01c
0.52 ± 0.02b
0.90 ± 0.01a
**

Values are means± standard error of three replicates. Means followed by the
same letter are not significantly different from each other at 5% significant
level according to the Duncan’s Multiple Range Test. F test: **: P <0.01.

3.7.Dry Weight of Roots
The dry weight of roots clearly indicated significant variation
(P<0.05) between the treatments (Table 2). The maximum
mean dry weight (0.90 g) of roots was recorded in cuttings
dipped in 8000 ppm concentration of IBA which was
significantly higher than the other treatments. Control
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treatment gave the lowest mean dry weight (0.14 g) per
rooted cutting. Dry weight of root increased with increase of
concentration of auxin. This result is supported by Reddy et
al. (2005) who recorded highest dry weight of root with the
application of auxin. Cutting treated with IBA had better
rooting of Paeonia cutting (Xian et al., 2008) and application
of 2500 ppm IAA improve the root growth of lemon stem
cutting (Seran and Umadevi, 2011).

4. Conclusion
In this study, root formation in dragon fruit stem cuttings was
significantly influenced by the application of IBA. IBA
treated cuttings gave better root system compared to control
in recorded agronomic parameters. Cuttings treated with
8000 ppm IBA produced the best results in root formation
without being significantly differed from cuttings treated
with 6000 ppm IBA. However, the highest shoot formation
was obtained by 6000 ppm IBA treatment but it was
remarkably varied from other treatments except with 4000
ppm IBA. In most cases, cuttings treated with 6000 ppm IBA
gave the best results or produced results which are not
significantly different from the higher concentrations of IBA.
As a result, 6000 ppm IBA concentration would be better in
rooting and shoot formation of the cuttings of dragon fruit
plants for better plant growth in vegetative propagation.
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