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Water apple (Syzygium aqueum) is a horticultural fruit commodity with high
economic value and continues to be developed through vegetative propagation to
obtain uniform and high-quality seedlings. However, the success of water apple
propagation through cuttings is still influenced by differences in cultivars and plant
responses to the application of growth regulators, especially auxins. Information
regarding the interaction between water apple cultivars and auxin types on the
initial growth of cuttings is still limited. This study aims to evaluate the effect of
cultivars and auxin types on shoot growth and rooting of water apple cuttings to
support vegetative propagation of water apple. The study was arranged using a
factorial randomized block design (5 x 4). Factor I: rose apple cultivars (Citra, Dalhari,
Kancing Merah, Black Kingkong, and Madu Deli), Factor II: auxin application (control
(without auxin, 4000 ppm IBA, 4000 ppm NAA and 30% Aloe vera). Each treatment
was replicated four times, resulting in 80 experimental units, with each experimental
unit consisting of 10 plant cuttings. Observations were made at 4, 6, and 8 weeks
after planting. The results showed that the Madu Deli cultivar produced a higher
number of shoots, number of roots, wet and dry root weights, and plant weight
compared to other cultivars. Auxin application increased root growth of water apple
cuttings compared to those without auxin, especially in the parameters of root
number, root length, and root weight. The treatment of IBA and NAA 4000 ppm gave
the best results and was consistently higher than the 30% Aloe vera treatment and
the control. Although Aloe vera was able to increase cutting growth compared to
those without auxin, its effectiveness was still lower than synthetic auxin. This study
is important as a scientific basis in selecting the right cultivar and type of auxin to
increase the success of vegetative propagation of water apple, especially in the
Madu Deli cultivar.

Journal of Agriculture and Rural Development Studies (JARDS) © 2025 is licensed under CC BY 4.0.

1. Introduction

Water apple (Syzygium agueum) is a horticultural fruit commodity with high economic value and

considerable development potential. Successful water apple cultivation requires the availability of

uniform and high-quality seedlings. Vegetative propagation through cuttings is widely applied because it

maintains the superior characteristics of the parent plant, accelerates the fruiting phase, and produces

relatively uniform plants compared to generative propagation (Cox, 2018; Yusnita et al., 2017).
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The success of water apple propagation through cuttings is largely determined by the cutting’s ability to
form roots and support early plant growth. Adventitious root formation is a critical stage that determines
cutting viability and subsequent vegetative development. The rooting process is influenced by various
internal and external factors that interact during the rooting phase (De Klerk et al., 1999).

Cultivar differences and the application of plant growth regulators, particularly auxins, are considered
important factors affecting rooting and shoot growth of cuttings. However, information regarding the
response of different water apple cultivars to various types of auxins remains limited. Therefore, this
study was conducted to evaluate the effects of cultivar and auxin type on shoot growth and rooting of
water apple cuttings as a basis for developing more effective vegetative propagation techniques.

2. Literature review

Cultivar selection is a key internal factor in the success of water apple propagation through cuttings.
Each cultivar has distinct genetic characteristics that result in different growth responses. Several
studies have reported variations in rooting ability and cutting growth among water apple cultivars (Mega
et al., 2025). Cultivars with higher genetic vigor generally exhibit better root formation and shoot
development. However, most previous studies have been limited to certain cultivars, while information
on other superior cultivars remains scarce. In fruit crops, research has predominantly focused on
flowering regulation and canopy management to enhance productivity (Widyastuti et al., 2019),
whereas studies on cultivar responses during early vegetative propagation through cuttings are still
limited.

In addition to genetic factors, plant growth regulators play an important role in improving the success
of cutting propagation. Auxins are known to stimulate cell division and differentiation in basal cutting
tissues, thereby accelerating adventitious root formation (Davies, 2010). Synthetic auxins such as
indole-3-butyric acid (IBA) and naphthaleneacetic acid (NAA) are widely used in horticultural crop
propagation due to their effectiveness in increasing root number and quality (Cox, 2018; Giriprasath et
al., 2025). In malay apple, the application of IBA and NAA at a concentration of 4000 ppm has been
reported to enhance root growth of cuttings compared to untreated cuttings (Yusnita et al., 2018).

Recently, natural auxin sources have gained attention as alternative plant growth regulators. Aloe vera
contains auxin and other bioactive compounds that may support plant growth (Surjushe et al., 2008).
Nevertheless, comparative information on the effectiveness of natural auxins versus synthetic auxins in
water apple cutting propagation, particularly across different cultivars, is still limited and requires
further investigation.

3. Materials and Methods

The research was conducted from March to August 2024 in the greenhouse of the Integrated Field
Laboratory of the Faculty of Agriculture, University of Lampung, Indonesia. The experimental design
used was a factorial randomized block design (5 x 4) consisting of: Factor I: rose apple cultivars (Citra,
Dalhari, Kancing Merah, Black Kingkong, and Madu Deli), Factor Il: auxin application (control (without
auxin, 4000 ppm IBA, 4000 ppm NAA and 30% Aloe vera). Each treatment was repeated 4 times,
resulting in 80 experimental units. Each experimental unit consisted of 10 cuttings, resulting in a total
of 800 plant cuttings.
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Observations on cuttings were conducted at 4, 6, and 8 weeks after planting (WAP) for the variables of
shoot number, leaf number, root number, root length, root wet weight, root dry weight, and plant
weight. Root dry weight was obtained by oven-drying the roots wrapped in newspaper at 60°C for 24
hours. Data were analyzed using analysis of variance, significant treatment groups were followed by a
5% Tukey test using IBM-SPSS software version 26.

4, Results

Madu Deli cultivar cuttings had the highest number of shoots, followed by Citra and Black Kingkong,
followed by Kancing Merah and Dalhari, which had the lowest number of shoots (Table 1). The
application of growth regulators had no effect on the number of shoots of water apple cuttings. The
number of shoots remained the same, whether the cuttings were 4, 6, or 8 weeks after planting (WAP)

Table 1. Effect of cultivars and growth regulator application on shoot number of water apple cuttings

Number of shoots*
Treatment
4 WAP** 6 WAP** 8 WAP**

Cultivars

Citra 7.02b 7.06b 7.02b
Dalhari 3.42a 3.47a 3.42a
Kancing Merah 3.31a 3.16a 3.31a
Black Kingkong 6.87b 7.06b 6.87b
Madu Deli 7.99¢ 7.77¢c 7.99¢
Material

Control (without material) 5.55a 5.61a 5.55a
4000 ppm IBA 5.78a 5.73a 5.78a
30 % Aloe vera 5.75a 5.68a 5.75a
4000 ppm NAA 5.80a 5.79a 5.80a

*Numbers followed by the same letter are not significantly different based on the 5% Tukey test.
**WAP is weeks after planting.

Madu Deli water apple cuttings had the highest number of leaves compared to other cultivars, whether
at 4, 6, or 8 WAP. The number of leaves on cuttings from the cultivars Citra, Dalhari, Kancing Merah,
and Black Kingkong was not significantly different. The application of growth regulators did not affect
the number of leaves on water apple cuttings (Table 2). The condition of leaves on water apple cuttings
can be seen in Figure 1.

Table 2. Effect of cultivars and growth regulator application on shoot number of leaves water apple

cuttings
Number of leaves
Treatment

4 WAP 6 WAP 8 WAP
Cultivars
Citra 4.58a 4.68a 4.58a
Dalhari 4.64a 4.70a 4.64a
Kancing Merah 4.76a 4.72a 4.76a
Black Kingkong 4.453a 4.32a 4.453
Madu Deli 5.64b 5.82b 5.64b
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Number of leaves
Treatment

4 WAP 6 WAP 8 WAP
Material
Control (without material) 4.87a 4.93a 4.87a
4000 ppm IBA 4.69a 4.79a 4.69a
30 % Aloe vera 4.84a 4.81a 4.84a
4000 ppm NAA 4.85a 4.84a 4.85a

*Numbers followed by the same letter are not significantly different based on the 5% Tukey test.

**WAP is weeks after planting.

Kancing Merah Black Kingkong Madu Deli

Figure 1. Description of the leaves condition of the water apple cultivars Citra, Dalhari, Kancing Merah,
Black Kingkong, and Madu Deli

The Madu Deli cultivar had the highest number of roots compared to other cultivars at 4 and 8 weeks
of cutting age (Table 3). The application of GR increased the number of roots of water apple cuttings at
4,6,and 8 WAP compared to no GR treatment. Treatment of water apple cuttings with GR at 4000 ppm
NAA resulted in the highest increase in the number of roots at 4 and 8 WAP. The root conditions of the

water apple cultivars Citra, Dalhari, Kancing Merah, Black Kingkong, and Madu Deli can be seen in Figure
2.

Table 3. Effect of cultivars and growth regulator application on number of root apple cuttings

Treatment Number of roots

4 WAP 6 WAP 8 WAP
Cultivars
Citra 6.48a 6.52ab 6.48a
Dalhari 6.46a 6.14a 6.46a
Kancing Merah 6.46a 6.30a 6.46a
Black Kingkong 6.57a 6.58ab 6.57a
Madu Deli 7.17b 6.91b 7.17b
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Treatment Number of roots
4 WAP 6 WAP 8 WAP
Material
Control (without material) 5.96a 5.83a 5.96a
4000 ppm IBA 6.82b 6.76¢ 6.82b
30% Aloe vera 6.52b 6.37b 6.52b
4000 ppm NAA 7.22c 7.00c 7.22¢c

*Numbers followed by the same letter are not significantly different based on the 5% Tukey test.

**WAP is weeks after planting.

Kancing Merah Black Kingkong Madu Deli

Figure 2. Description of the root condition of the water apple cultivars Citra, Dalhari, Kancing Merah,
Black Kingkong, and Madu Deli

All cultivars did not show any significant difference in the root length of water apple cuttings. The
application of growth regulators increased the root length of water apple cuttings starting from the 4
until 8 WAP. The application of 4000 ppm IBA resulted in the highest root length, but was not
significantly different from the use of 30% Aloe vera (Table 4).

Table 4. Effect of cultivars and growth regulator application on root length water apple cuttings

Treatment Root length

4 WAP 6 WAP 8 WAP
Cultivars
Citra 5.38a 5.42a 5.38a
Dalhari 5.61a 5.47a 5.61a
Kancing Merah 5.47a 5.42a 5.47a
Black Kingkong 5.39a 5.42a 5.39a
Madu Deli 5.57a 5.43a 5.57a
Material
Control (without material) 4.26a 4.24a 4.26a
4000 ppm IBA 6.06¢ 6.08c 6.06¢
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Treatment Root length
4 WAP 6 WAP 8 WAP
30 % Aloe vera 5.70b 5.59b 5.70b
4000 ppm NAA 5.92bc 5.82bc 5.92bc

*Numbers followed by the same letter are not significantly different based on the 5% Tukey test.
**WAP is weeks after planting.

The Madu Deli water apple cultivar had the highest root wet weight at 4 and 8 WAP compared to other
cultivars. There was no significant difference among the Citra, Dalhari, Kancing Merah, and Black
Kingkong cultivars from 4 to 8 WAP. The application of GR increased root wet weight compared to the
control. The application of GR with 4000 ppm IBA and 4000 ppm NAA produced the highest root wet
weight, followed by the treatment with 30% Aloe vera (Table 5).

Table 5. Effect of cultivars and growth regulator application on root wet weight water apple cuttings

Treatment Root wet weight (g)

4 WAP 6 WAP 8 WAP
Cultivars
Citra 4.53a 4.39a 4.53a
Dalhari 4.59a 4.58ab 4.59a
Kancing Merah 4.55a 4.47a 4.55a
Black Kingkong 4.58a 4.56ab 4.58a
Madu Deli 4.90b 4.73b 4.90b
Material
Control (without material) 3.96a 3.89a 3.96a
4000 ppm IBA 4.89c 4.87c 4.89c
30% Aloe vera 4.64b 4.54b 4.64b
4000 ppm NAA 5.02c 4.89c 5.02c

*Numbers followed by the same letter are not significantly different based on the 5% Tukey test.
**WAP is weeks after planting.

Madu Deli water apple cuttings had the highest root dry weight at 4 and 8 WAP compared to other
cultivars. There was no significant difference in root dry weight among the Citra, Dalhari, Kancing Merah,
and Black Kingkong cultivars from 4 to 8 WAP. The application of GR increased root dry weight compared
to the control. The application of 4000 ppm IBA and NAA resulted in the highest root dry weight,
followed by water apple cuttings treated with 30% Aloe vera (Table 6).

Table 6. Effect of cultivars and growth regulator application on root dry weight water apple cuttings

Treatment Root dry weight (g)

4 WAP 6 WAP 8 WAP
Cultivars
Citra 1.59a 1.54a 1.59a
Dalhari 1.61a 1.6ab 1.61a
Kancing Merah 1.59a 1.57a 1.59a
Black Kingkong 1.60a 1.60ab 1.60a
Madu Deli 1.71b 1.66b 1.71b
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Treatment Root dry weight (g)
4 WAP 6 WAP 8 WAP
Material
Control (without material) 1.39a 1.36a 1.39a
4000 ppm IBA 1.71c 1.70c 1.71c
30% Aloe vera 1.62b 1.59b 1.62b
4000 ppm NAA 1.76c 1.71c 1.76¢

*Numbers followed by the same letter are not significantly different based on the 5% Tukey test.
**WAP is weeks after planting.

The Madu Delehi water apple cultivar had the highest plant weight compared to other cultivars from 4
to 8 WAP, followed by the Citra and Black Kingkong cultivars. The application of GR did not affect the
weight of water apple plants at 4, 6, or 8 WAP (Table 7).

Table 7. Effect of cultivars and growth regulator application on plant weight water apple cuttings

Treatment Plant weight (g)

4 WAP 6 WAP 8 WAP
Cultivars
Citra 11.11b 11.3b 11.11b
Dalhari 8.31a 8.17a 8.31a
Kancing Merah 8.36a 8.39a 8.36a
Black Kingkong 10.84b 10.83b 10.84b
Madu Deli 13.16¢ 13.20c 13.16c¢
Material
Control (without material) 10.29a 10.36a 10.29a
4000 ppm IBA 10.25a 10.27a 10.25a
30% Aloe vera 10.41a 10.37a 10.41a
4000 ppm NAA 10.46a 10.51a 10.46a

*Numbers followed by the same letter are not significantly different based on the 5% Tukey test.
**WAP is weeks after planting.
5. Discussion

The Madu Deli water apple cultivar demonstrated superior growth performance compared to the Citra,
Dalhari, Kancing Merah, and Black Kingkong cultivars, as evidenced by higher shoot number, root
number, fresh and dry root weight, and plant weight. Differences in growth responses among cultivars
are closely related to plant genetic factors. Vegetative growth characteristics, such as shoot formation,
rooting, and biomass accumulation, are controlled by the expression of genes that regulate cell division,
cell elongation, and tissue differentiation; therefore, each cultivar has a different growth potential (Taiz
etal., 2015). The Madu Deli cultivar is thought to possess higher genetic vigor and physiological capacity
to support the initial growth of cuttings. This superiority is likely related to the cultivar’s ability to
allocate photosynthates to vegetative organs, particularly roots and shoots, during the early growth
phase. According to Cox (2018), successful root formation and initial cutting growth are strongly
influenced by the balance of endogenous hormones, carbohydrate reserves, and the activity of growth-
regulating genes. The rapid growth and plant vigor of the Madu Deli cultivar are likely driven by the
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expression of genes involved in auxin synthesis and sensitivity, thereby supporting more intensive root
and shoot formation compared to other cultivars.

The results of this study also reinforce previous research on water apples, which has demonstrated
differences in rooting ability among cultivars. Mega et al. (2025) founded that when applying different
auxins (IAA, IBA, NAA) to water apple stem cuttings, the Citra Merah and Madu Deli Hijau cultivars
exhibited significantly different rooting responses, with Madu Deli Hijau producing a higher average
number of roots than Citra Merah under the same auxin treatment. Similarly, Singh et al. (2024)
reported that the response of water apple cuttings to auxin application was significantly influenced by
the cultivar used. However, previous studies have generally focused on local cultivars and the Citra
cultivar, whereas information on the vegetative growth characteristics and rooting response of the
Madu Deli cultivar remains limited. Therefore, the results of this study provide additional information
on the early growth performance of the Madu Deli cultivar compared to other, more extensively studied
water apple cultivars.

The application of plant growth regulators (GRs) in this study generally increased root growth
parameters compared to the control without GRs. This increase is associated with the role of the
hormone auxin in inducing adventitious root formation by stimulating cell division and differentiation in
the basal tissue of the cuttings. Auxin is the primary hormone controlling root initiation by increasing
the activity of enzymes involved in cell wall loosening and by regulating the expression of genes related
to rooting (Davies, 2010). These results are consistent with previous studies on water apples, which
reported that auxin application increased root growth of cuttings compared to those without auxin
(Giriprasath et al, 2025; Singh et al., 2024).

Application of GRs at a concentration of 4000 ppm IBA and NAA provided the best rooting response, as
indicated by higher root number, root length, and root weight compared to the GR treatment with 30%
Aloe vera and control. This indicates that synthetic auxins are more effective and consistent in
stimulating root formation and development in cuttings. IBA is known to be more stable against
enzymatic degradation and to have better translocation ability within plant tissues, making it more
effective in inducing root formation than natural auxin sources (De Klerk et al., 1999).

Although Aloe vera application resulted in a better growth response compared to the control, its
effectiveness was still lower than that of IBA and NAA. This is likely due to the relatively lower and more
variable natural hormone content in Aloe vera, which is influenced by the raw material and extraction
method. Aloe vera contains auxins, cytokinins, and other bioactive compounds; however, their
concentration and bioavailability are not as high as those of synthetic auxins applied at measured doses
(Surjushe et al.,, 2008). Therefore, despite its potential as a natural and environmentally friendly growth
regulator, Aloe vera has not been able to match the effectiveness of chemical growth regulators in
optimizing root growth of water apple cuttings, particularly in the Madu Deli cultivar.

5. Conclusions

The Madu Deli water apple cultivar provided better cutting growth than the Citra, Dalhari, Kancing
Merah, and Black Kingkong cultivars. This was indicated by the higher number of shoots, number of
roots, wet and dry root weights, and plant weight. The application of growth regulators increased the
root growth of water apple cuttings compared to without auxin. IBA and NAA treatments at a
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concentration of 4000 ppm gave the best results in terms of root number, root length, and root weight.

The application of 30% Aloe vera gave better results than the control, but not as good as the IBA and

NAA treatments. The results of this study indicate that the growth of water apple cuttings is influenced

by differences in cultivars and types of auxins. The selection of the Madu Deli cultivar with the

application of 4000 ppm synthetic auxin can be used to increase the success of water apple cutting

propagation.
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