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Abstract. Moringa (Moringa oleifera L.) is known as the tree of life
because of its high nutritional content and health and economic benefits.
However, moringa cultivation in Indonesia remains suboptimal, mainly
due to the limited availability of quality seedlings. Vegetative propagation
through stem cuttings can produce uniform seedlings, but its success
depends on plant growth regulators and planting media. This study aimed
to determine the effects of plant growth regulators and planting media on
the growth of moringa stem cuttings. The experiment was conducted in a
screen house at SITANDU, Banten, from October to December 2025 using
a factorial Randomized Block Design with two factors. The first factor
was plant growth regulator type: control, Rootone-F 0.03%, shallot extract
60%, mung bean sprout extract 60%, and young coconut water 60%. The
second factor was planting medium: rice husk charcoal + soil, compost +
soil, and cattle manure + soil, each at a 1:1 ratio. The results showed that
Rootone-F 0.03% improved several growth parameters, particularly shoot
length at 6 WAP, leaf number, and root length. Rice husk charcoal and soil
were the best media for shoot and root growth. The combination of
Rootone-F 0.03% and rice husk charcoal + soil produced the best response,
particularly in shoot number, leaf number, and root length.
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INTRODUCTION
Moringa (Moringa oleifera L.) is

countries, and main production centers in
Blora, Sumenep, and East Nusa Tenggara

widely known as the “tree of life” or
“miracle tree” because its leaves, stems,
seeds, flowers, and roots have health and
economic value (Puspitasari et al., 2023).
This plant has potential as a functional food,
herbal product, and industrial raw material
due to its bioactive compounds,
antioxidants, vitamins A, C, and E, and
essential minerals such as calcium, iron, and
magnesium  (Mustariani, 2023). The
demand for moringa-derived products,
including leaf powder, seed oil, herbal tea,
supplements, and cosmetics, continues to
increase in domestic and international
markets (Isnan & Muin, 2017). In Banten,
the first export of moringa leaf powder
reached 0.32 tons valued at IDR 14 million
in January 2022, followed by 27 tons valued
at IDR 500 million to the United States in
April 2022 (BantenNews.co.id, 2022).
Nationally, Indonesian moringa leaf exports
reached 4,350 tons valued at USD 13.75
million from January to September 2024,
with major destinations including China,
Malaysia, Australia, and several African
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(BRMP, 2025). However, moringa
cultivation in Indonesia remains suboptimal
due to limited -cultivation technology,
particularly  in  seedling  production
(Wasonowati et al., 2018).

The availability of high-quality
seedlings is essential for supporting large-
scale moringa cultivation. Vegetative
propagation through stem cuttings is a
practical method because it can produce
uniform seedlings that are genetically
similar to the parent plant, while
maintaining desirable traits such as growth
performance, morphology, and productivity
(Chiyaroh et al.,, 2021). In moringa
cultivation, stem cuttings are suitable for
seedling production because they promote
faster growth, better root formation, and
more branches (Maryani & Suryadama,
2019). However, one of the main
constraints in stem cutting propagation is
the difficulty of root formation, which is
influenced by internal factors such as plant
species, cutting age, and cutting material, as
well as external factors including
temperature, humidity, nutrient availability,
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planting media, and plant growth regulators
(Fauza et al., 2016).

Plant growth regulators and planting
media are important factors that determine
the success of moringa stem cutting
propagation.  Natural  plant  growth
regulators, such as shallot extract, mung
bean sprout extract, and young coconut
water, contain endogenous hormones and
are considered affordable and
environmentally safe alternatives (Kurniati
et al., 2017). Previous studies reported that
shallot extract improved shoot length and
leaf number in stem cuttings (Salmah et al.,
2022) and produced higher growth
responses than synthetic plant growth
regulators in mulberry cuttings (Abror &
Noviyanti, 2019). In addition, suitable
planting media should provide nutrients,
moisture, aeration, and pathogen-free
conditions to support cutting growth
(Chiyaroh et al., 2021). Since rice husk
charcoal, compost, and cattle manure have
different physical and chemical
characteristics, their effects on supporting
moringa cutting growth may vary.
Therefore, this study aimed to determine the
effects of different plant growth regulators
and planting media, as well as their
interaction, on the growth of moringa stem
cuttings.

RESEARCH METHODOLOGY

This  experimental study was
conducted in the screen house of the
Integrated  Agricultural System Area
(SITANDU), Curug District, Serang City,
Banten, Indonesia (6.17°S; 106.19°E), from
October to December 2025. The materials
used included moringa stem cuttings, soil,
rice husk charcoal, compost, cattle manure,
clean water, young coconut water, shallot
extract, mung bean sprout extract, Rootone-
F, Dithane M-45 80 WP, polybags, plastic
covers, bamboo, and 75% paranet. The tools
used included a machete, knife, measuring
tape, hygrometer, ruler, blender, cloth filter,
hand sprayer, measuring cylinders,
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analytical balance, and caliper. The
experiment was arranged in a factorial
Randomized Block Design with two
factors. The first factor was plant growth
regulator type (Z), consisting of Z0 =
Without PGR (control), Z1 = Rootone-F
0.03%, Z2 = shallot extract 60%, Z3 = mung
bean sprout extract 60%, and Z4 = young
coconut water 60%. The second factor was
planting medium (M), consisting of M1 =
rice husk charcoal + soil (1:1), M2 =
compost + soil (1:1), and M3 = cattle
manure + soil (1:1). There were 15
treatment  combinations  with  three
replications, resulting in 45 experimental
units. Each experimental unit consisted of
two stem cuttings, for a total of 90 moringa
stem cuttings.

RESEARCH IMPLEMENTATION

The research site was prepared by
clearing weeds and installing 75% paranet
on a 2 m bamboo frame to maintain
microclimate stability. The planting media
were prepared by mixing soil with rice husk
charcoal, compost, or cattle manure ata 1:1
ratio, then placed into 25 cm x 25 cm
polybags and arranged at 15 cm x 15 cm
spacing. Moringa stem cuttings were
obtained from healthy five-year-old parent
plants, with each cutting measuring 30 cm
in length, 2-3 cm in diameter, and having at
least two buds. Before plant growth
regulator treatment, all cuttings were
soaked in Dithane M-45 80 WP fungicide
for 15 minutes and then air-dried. Shallot
extract and mung bean sprout extract at 60%
concentration were prepared by mixing
1200 mL of extract stock with 800 mL of
clean water. Young coconut water treatment
was prepared by mixing 1200 mL of young
coconut water with 800 mL of clean water,
while Rootone-F 0.03% was prepared by
dissolving 0.6 g of Rootone-F powder in 2
L of clean water. The cuttings were soaked
to a depth of 8 cm in natural plant growth
regulator solutions for 6 hours, while the
Rootone-F treatment was applied for 0.25
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hours. After treatment, the cuttings were
air-dried for 10 minutes and planted at
approximately 10 cm depth, with one
cutting per polybag. The cuttings were
covered with transparent plastic for 6 weeks
after planting, and maintenance included
watering every 2 days, weeding, and disease
control when fungal symptoms appeared.
The observed variables were shoot
emergence time, number of shoots, shoot
length, number of leaves, number of roots,
root length, and survival percentage. Shoot
number, shoot length, and leaf number were
observed at 2, 4, 6, and 8 weeks after
planting, while root number, root length,
and survival percentage were recorded at 8
weeks after planting. Root observations
were conducted by carefully removing the
cuttings from the polybags and cleaning the
roots with water. Survival percentage was
calculated based on the number of living
cuttings compared with the total number of
planted cuttings.

DATA ANALYSIS

The data were analyzed using analysis
of variance (ANOVA) based on a factorial
Randomized Block Design. If the ANOVA
showed a significant effect, mean
comparison was continued using Duncan’s
Multiple Range Test (DMRT) at the 5%
level.
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RESULTS AND DISCUSSION

Shoot Emergence Time (days)

Plant growth regulator type, planting
medium, and their interaction did not
significantly affect shoot emergence time.
The average shoot emergence ranged from
4.67 to 19.50 days after planting, indicating
that early shoot development was more
influenced by internal factors, such as
carbohydrate reserves, endogenous
hormones, bud viability, and physiological
condition of the cuttings, than by external
treatments. Pratiwi et al. (2019) stated that
carbohydrate reserves function as an energy
source for early bud development in
cuttings.  Although not significantly
different, the combination Z4M1 showed
the fastest numerical shoot emergence at
4.67 days. This tendency may be associated
with the naturally occurring cytokinins and
auxins in young coconut water, which can
stimulate shoot initiation. Renvillia et al.
(2016) reported that young coconut water
contains cytokinins, kinetin, and zeatin that
may accelerate shoot emergence in cuttings.
In contrast, Z1M3 showed the slowest
numerical shoot emergence at 19.50 days,

possibly because auxin-dominated
Rootone-F  primarily  promotes  root
initiation  rather than early shoot

development.

Table 1. Effect of plant growth regulator types and planting media on shoot emergence time (days)

Planting Media (M) Average
M1 M2 M3
Plant Growth Regulator (Z) Rice husk charcoal =~ Compost+  Cattle manure +
+ soil (1:1) soil (1:1) soil (1:1)
days
Zo (Without PGR (control)) 7.17 7.17 8.00 7.44
Z1 (Rootone-F 0.03%) 6.00 12.50 19.50 12.67
Z» (Shallot extract 60%) 6.67 7.33 7.50 7.17
Z3 (Mung bean sprout extract 60%) 10.17 14.17 9.50 11.28
Z4 (Young coconut water 60%) 4.67 7.83 8.83 7.11
Average 6.93 9.80 10.67
Coefficient of variation (%) 27.42*

Note: ?: Data were transformed usingvx + 0.5

Widiayani et al. (2024) reported that
Rootone-F mainly stimulates root initiation
rather than early shoot emergence, likely
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due to its auxin content. Herliana et al.
(2023) stated that slower shoot emergence
in M3 medium may be associated with
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higher water retention and lower aeration.
Ezperanza et al. (2023) reported that M1
medium showed faster numerical shoot
emergence because of its porous structure
and better aeration, which support
respiration and meristematic  activity.
However, the differences were not
statistically significant, indicating that
shoot emergence was more influenced by
internal physiological factors than by the
treatments applied.

Number of Shoots (shoots)

The interaction between Z1 and M1
produced the highest number of shoots at all
observation times. This combination
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resulted in 3.92 shoots at 2 WAP, 5.17
shoots at 4 WAP, 5.08 shoots at 6 WAP, and
4.33 shoots at 8 WAP. This indicates that
synthetic auxin in Rootone-F was more
effective when combined with a porous
medium such as rice husk charcoal + soil.
Salmah et al. (2022) reported that auxin
plays an important role in stimulating
meristematic activity and cell division,
thereby supporting shoot formation in stem
cuttings. Rokhmah et al. (2022) reported
that synthetic plant growth regulators tend
to elicit more consistent responses than
natural plant growth regulators, owing to
their more stable hormone concentrations
and faster absorption by plant tissues.

Table 2. Effect of plant growth regulator types and planting media on the number of shoots (shoots)

Planting Media (M)

Observation M1 M2 M3
Time (WAP) Plant Growth Regulator (Z) Rice husk charcoi Compost + Cattle manure + Average
+soil (1:1) soil (1:1) soil (1:1)
shoots
Zo (Without PGR (control)) 1.75 bed 2.67ab 1.00cd 1.81
Zi (Rootone-F 0.03%) 3.92a 1.25 bed 0.33d 1.83
2 Z:> (Shallot extract 60%) 2.33bc 2.25bc 1.92bcd 2.17
Z3 (Mung bean sprout extract 60%) 1.83 bed 1.92 bed 0.83cd 1.53
Z4 (Young coconut water 60%) 1.92bcd 1.83 bed 1.42 bed 1.72
Average 2.35 1.98 1.10
Coefficient of variation (%) 18.69*
Zo (Without PGR (control)) 2.17bcde 3.08b 1.42cde 222
Z1 (Rootone-F 0.03%) 5.17a 1.58bcde 0.83¢ 2.53
4 Z> (Shallot extract 60%) 2.92bc 2.50bed 2.17bede 2.53
Z3 (Mung bean sprout extract 60%) 2.25bcde 2.17bcde 1.00de 1.81
Z4 (Young coconut water 60%) 2.33bcde 1.92bcde 1.83bcde 2.03
Average 2.97 2.25 1.45
Coefficient of variation (%) 16.81*
Zo (Without PGR (control)) 2.25b 2.75b 1.25b 2.08
Z1 (Rootone-F 0.03%) 5.08a 1.83b 1.25b 2.72
6 Z> (Shallot extract 60%) 2.50b 2.42b 1.92b 2.28
Z3 (Mung bean sprout extract 60%) 2.33b 2.25b 1.17b 1.92
Z4 (Young coconut water 60%) 2.00b 2.08b 2.17b 2.08
Average 2.83 2.27 1.55
Coefficient of variation (%) 18.84*
Zo (Without PGR (control)) 1.17b 2.58b 0.67b 1.47
Z1 (Rootone-F 0.03%) 4.33a 1.42b 1.42b 2.39
8 Z> (Shallot extract 60%) 1.75b 2.42b 0.83b 1.67
Z3 (Mung bean sprout extract 60%) 1.92b 1.92b 1.17b 1.67
Z4 (Young coconut water 60%) 1.17b 1.67b 1.83b 1.56
Average 2.07 2.00 1.18
Coefficient of variation (%) 22.82*

Note: Mean values followed by the same letter within the same observation time are not significantly different

according to DMRT at the 5% level.
2 : Data were transformed usingvx + 0.5

The interaction between Z1 and M1
produced the highest number of shoots at all
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observation times. This combination
resulted in 3.92 shoots at 2 WAP, 5.17
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shoots at 4 WAP, 5.08 shoots at 6 WAP, and
4.33 shoots at 8 WAP. This indicates that
synthetic auxin in Rootone-F was more
effective when combined with a porous
medium such as rice husk charcoal + soil.
Salmah et al. (2022) reported that auxin
plays an important role in stimulating
meristematic activity and cell division,
thereby supporting shoot formation in stem
cuttings. Rokhmah et al. (2022) reported
that synthetic plant growth regulators tend to
elicit more consistent responses than natural
plant growth regulators, owing to their more
stable hormone concentrations and faster
absorption by plant tissues.

Among the planting media, M1
produced the highest number of shoots,
followed by M2, while M3 produced the
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lowest values. The better response in M1
was likely related to the porous structure of
rice husk charcoal, which improves aeration,
drainage, and moisture balance around the
cutting base. These conditions support
respiration and metabolic activity required
for shoot development. Mustaman &
Fatman (2017) stated that M3 may have
higher water retention and a denser
structure, which can reduce aeration and
inhibit shoot formation, especially during
the early growth stage. Therefore, the use of
rice husk charcoal + soil as a planting
medium may provide a more favorable
environment for early shoot initiation and
development in moringa stem cuttings.

Shoot Length (cm)

Table 3. Effect of plant growth regulator types and planting media on shoot length (cm)

Planting Media (M)

Observation

M1 M2 M3

Time (WAP) Plant Growth Regulator (Z) Rice husk charcoal Compost + Cattle manure + Average
+soil (1:1) soil (1:1) soil (1:1)
cm
Zo (Without PGR (control)) 2.23 1.43 0.93 1.53
Zi (Rootone-F 0.03%) 1.92 1.20 0.11 1.08
2 Z> (Shallot extract 60%) 1.77 1.55 0.78 1.37
Z3 (Mung bean sprout extract 60%) 1.33 1.49 0.32 1.05
Z4 (Young coconut water 60%) 0.91 0.89 0.58 0.79
Average 1.63a 1.31a 0.55b
Coefficient of variation (%) 20.83*
Zo (Without PGR (control)) 4.71 3.36 1.81 3.29a
Z1 (Rootone-F 0.03%) 4.62 3.02 0.67 2.77ab
4 Z> (Shallot extract 60%) 2.16 2.15 1.50 1.94bc
Z3 (Mung bean sprout extract 60%) 2.34 1.61 0.68 1.54c
Z4 (Young coconut water 60%) 1.74 1.75 0.86 1.45¢
Average 3.12a 2.38a 1.10b
Coefficient of variation (%) 19.18*
Zo (Without PGR (control)) 4.49 3.70 1.99 3.40ab
Z1 (Rootone-F 0.03%) 6.57 5.56 0.93 4.36a
6 Z> (Shallot extract 60%) 2.81 2.63 1.62 2.35b
Z3 (Mung bean sprout extract 60%) 3.71 1.88 0.58 2.06b
Z4 (Young coconut water 60%) 2.06 1.92 1.60 1.86b
Average 3.93a 3.14a 1.35b
Coefficient of variation (%) 21.77*
Zo (Without PGR (control)) 3.20 3.23 2.13 2.85
Z1 (Rootone-F 0.03%) 6.75 5.02 1.26 4.35
8 Z> (Shallot extract 60%) 3.75 3.14 0.74 2.54
Z3 (Mung bean sprout extract 60%) 1.85 2.23 0.75 1.61
Z4 (Young coconut water 60%) 2.50 2.64 1.71 2.28
Average 3.6la 3.25a 1.32b
Coefficient of variation (%) 11.69°
Note: Mean values followed by the same letter in the same row or column are not significantly different, whereas

values followed by different letters are significantly different according to Duncan’s Multiple Range Test

(DMRT) at the 5% level. ®
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: Data were transformed usingvx + 0.5
: Data were transformed twice usingvx + 0.5.
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Shoot length increased at 4 WAP in
almost all treatments. At this stage, Z1 and
Z0, particularly in M1 and M2, showed
higher shoot length than the natural plant
growth regulator treatments. This indicates
that moringa stem cuttings still utilize
endogenous hormones and stored food
reserves to support shoot elongation. Auxin
plays an important role in cell elongation by
increasing cell wall elasticity, allowing
meristematic tissues to expand. Waniatri et
al. (2019) also reported that cuttings in good
physiological condition and with sufficient
food reserves can support shoot growth
even without external plant growth
regulator application.

VOLUME 7 NOMOR 2 July-December 2026

Z1 produced the greatest shoot length
at 6 WAP, especially in M1 and M2 media.
This shows that the effect of synthetic auxin
became more apparent during the active
growth stage. Heryanto (2019) reported that
Rootone-F contains auxin compounds, such
as NAA and IBA, which can stimulate cell
division and shoot elongation when applied
at an appropriate concentration and
supported by sufficient water and light.
However, the interaction between plant
growth regulator and planting medium was
not significant, indicating that shoot length
was mainly affected by the individual
effects of plant growth regulator type and
planting medium.

Table 4. Effect of plant growth regulator types and planting media on the number of leaves

(leaves)
Planting Media (M)
Observation M1 M2 M3
Time (WAP) Plant Growth Regulator (Z) Rice husk charcoal + Compost + Cattle manure + Average
soil (1:1) soil (1:1) soil (1:1)
leaves
Zo (Without PGR (control)) 3.00 0.00 0.00 1.00
Zi (Rootone-F 0.03%) 9.17 0.00 0.00 3.06
2 Z:> (Shallot extract 60%) 3.17 0.00 0.00 1.06
Z3 (Mung bean sprout extract 60%) 1.50 0.00 0.00 0.50
Z4 (Young coconut water 60%) 0.00 0.00 0.00 0.00
Average 3.37a 0.00b 0.00b
Coefficient of variation (%) 17.05°
Zo (Without PGR (control)) 11.17b 10.00b 1.17b 7.44
Z1 (Rootone-F 0.03%) 41.33a 9.00b 0.00b 16.78
4 Z> (Shallot extract 60%) 5.67b 3.50b 0.00b 3.06
Z3 (Mung bean sprout extract 60%) 7.33b 7.17b 0.00b 4.83
Z4 (Young coconut water 60%) 10.83b 5.00b 0.00b 5.28
Average 15.27 6.93 0.23
Coefficient of variation (%) 21.76°
Zo (Without PGR (control)) 10.00 17.50 6.50 11.33b
Z1 (Rootone-F 0.03%) 40.50 24.00 433 22.94a
6 Z> (Shallot extract 60%) 11.33 17.17 0.00 9.50b
Z3 (Mung bean sprout extract 60%) 8.50 6.17 0.00 4.89b
Z4 (Young coconut water 60%) 12.83 10.17 0.50 7.83b
Average 16.63a 15.00a 2.27b
Coefficient of variation (%) 22.50°
Zo (Without PGR (control)) 9.17bc 12.33bc 1.17¢ 7.56
Z1 (Rootone-F 0.03%) 59.50a 21.83b 0.00c 27.11
8 Z> (Shallot extract 60%) 16.67bc 12.33bc 0.67c 9.89
Z3 (Mung bean sprout extract 60%) 4.33bc 1.50¢ 1.33¢ 2.39
Z4 (Young coconut water 60%) 5.83bc 8.67bc 7.83bc 7.44
Average 19.10 11.33 2.20
Coefficient of variation (%) 28.28°

Note: Mean values followed by the same letter within the same observation time are not
significantly different according to DMRT at the 5% level.

b : Data were transformed twice usingvx + 0.5
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M1 and M2 produced higher shoot
length than M3 at all observation times.
This was likely due to better aeration, water
retention, and nutrient availability in M1
and M2, which supported shoot elongation.
Mariana (2020) reported that rice husk
charcoal or compost-based media can
improve shoot length in stem cuttings by
increasing aeration and nutrient availability.
In contrast, the lower shoot length in M3
may be related to poorer aeration and
excessive moisture retention, which can
inhibit water and nutrient uptake.

Number of Leaves (leaves)

The number of leaves was affected by
plant growth regulator type, planting
medium, and their interaction at certain
observation times, particularly at 4 and 8
WAP. Leaf number generally increased
with plant age, indicating active vegetative
growth. Z1, especially when combined with
M1, produced the highest leaf number,
reaching 41.33 leaves at 4 WAP and 59.50
leaves at 8 WAP. This suggests that
synthetic auxin in Rootone-F supported
meristematic activity, cell division, and leaf

formation. Mulyani and Ismail (2015)
reported that Rootone-F can enhance cell
division and elongation in cuttings,

resulting in greater leaf formation.

Among the planting media, M1
consistently produced the highest average
number of leaves, followed by M2, while
M3 produced the lowest values. The better
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response in M1 was likely due to its
favorable physical properties, particularly
good aeration and moisture balance, which
supported nutrient uptake and shoot
development. Good aeration helps maintain
oxygen availability in the medium, allowing
physiological processes and leaf formation
to occur more optimally.

A higher number of leaves also
indicates greater potential photosynthetic
capacity because leaves are the main organs
for photosynthesis. Therefore, the Z1M1
combination was the most favorable
treatment for increasing leaf formation and
supporting the vegetative vigor of moringa
stem cuttings. Darise et al. (2023) reported
that greater leaf numbers can increase
photosynthetic activity, enabling plants to
produce more energy for growth and
development.

Number of Roots (roots per plant)

Root formation is an important
indicator of the success of stem-cutting
propagation because roots support water
and nutrient uptake for continued plant
growth. The results showed that the number
of roots was significantly affected by
planting medium, whereas plant growth
regulator type and its interaction with
planting medium did not. Although Z1M1
produced the highest numerical number of
roots, this result should be interpreted as a
numerical tendency rather than a confirmed
interaction effect.

Table 5. Effect of plant growth regulator types and planting media on the number of roots (roots per plant).

Planting Media (M)

M1 M3
Plant Growth Regulator (2) Rice husk charcoal + l\ﬂzst()litljr(rlp;))s ! Cattle manure + Average
soil (1:1) ) soil (1:1)
roots per plant
Zo (Without PGR (control)) 2.17 0.00 0.00 0.72
Z; (Rootone-F 0.03%) 17.83 0.00 0.00 5.94
Z; (Shallot extract 60%) 5.67 0.00 0.00 1.89
Z3 (Mung bean sprout extract 60%) 3.67 0.00 0.00 1.22
Z4 (Young coconut water 60%) 0.00 0.00 0.00 0.00
Average 5.87a 0.00b 0.00b 1.96
Coefficient of variation (%) 22.06"
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Note: Mean values followed by the same letter in the same row are not significantly different, whereas values
followed by different letters are significantly different according to Duncan’s Multiple Range Test (DMRT) at

the 5% level.
b: Data were transformed twice usingvx + 0.5

Root formation occurred only in M1,
while no roots were formed in M2 and M3.
This indicates that the physical condition of
the planting medium was more important
for root initiation than plant growth
regulator application alone. Rice husk
charcoal and soil likely provided better
porosity, aeration, and drainage, thereby
supporting oxygen availability and root
development. Wulandari et al. (2017) stated
that soil mixed with rice husk charcoal has
high porosity, good aeration, and good
drainage, which can support root growth.
The absence of root formation in M2 and
M3 was presumably related to excessive
moisture and poor aeration in the media.
High moisture can reduce oxygen
availability around the cutting base, inhibit
root respiration, and increase the risk of
tissue decay before root initiation occurs.
Field conditions, such as fungal growth and
termite attack, may also have contributed to
the inhibition of root formation in less
porous media.

Although some cuttings produced
shoots, root formation did not always occur
simultaneously. This indicates that shoot
emergence and root initiation are two
different physiological processes. Shoot
emergence is generally supported by stored

food reserves and endogenous hormones in
the cutting material, whereas root formation
requires a more specific hormonal balance
and suitable environmental conditions.
Waniatri et al. (2019) stated that shoot
emergence in cuttings is more influenced by
food reserves and endogenous hormones in
the shoot region, while root formation
depends on more specific environmental
and hormonal conditions.

Root Length (cm)

The Z1M1 combination produced the
highest root length (2.02 cm) and was
significantly different from the other
treatments. This value was higher than the
control treatment (0.47 cm), shallot extract
60% (0.63 cm), and mung bean sprout
extract 60% (0.08 cm) in the same medium.
The higher root length in Z1M1 was likely
related to the auxin content in Rootone-F,
particularly IBA and NAA, which play an
important role in stimulating cell division,
cell differentiation, and root initiation.
Arinasa (2015) stated that the combination
of IBA and NAA, or IAA and NAA, can
support optimal root growth in cuttings and
enhance plants' ability to absorb water and
nutrients.

Table 6. Effect of different plant growth regulators and planting media on root length (cm)

Planting Media (M)
Plant Growth Regulator (Z) Ml M2 Compost M3 Average
g Rice husk charcoal + 4 i(l) (IP?)S Cattle manure + g
soil (1:1) Stttk soil (1:1)
cm
Zy (Without PGR (control)) 0.47b 0.00b 0.00b 0.16
Z: (Rootone-F 0.03%) 2.02a 0.00b 0.00b 0.67
Z (Shallot extract 60%) 0.63b 0.00b 0.00b 0.21
Z3 (Mung bean sprout extract 60%) 0.08b 0.00b 0.00b 0.03
Z4 (Young coconut water 60%) 0.00b 0.00b 0.00b 0.00
Average 0.64 0.00 0.00
Coefficient of variation (%) 21.122

Note: Mean values followed by the same letter in the same row or column are not significantly different, whereas
values followed by different letters are significantly different according to Duncan’s Multiple Range Test

(DMRT) at the 5% level.
2 : Data were transformed usingvx + 0.5
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Root elongation occurred only in M1, Tamba et al. (2019) also explained that
while M2 and M3 did not produce roots. auxin at an optimal concentration can
This indicates that M1 had more suitable stimulate root elongation by promoting
physical properties for root formation and carbohydrate accumulation in the basal part
elongation. Rice husk charcoal is porous of cuttings, thereby supporting root
and can improve soil structure, aeration, and development.

root zone conditions. Hidayat et al. (2025)
stated that a good planting medium should
provide sufficient water, nutrients, and root
space for plant growth. Airansi et al. (2022)
also reported that rice husk charcoal can
increase organic carbon content, maintain
root zone moisture, and support root
development.

The significant interaction between
Z1 and M1 indicates that root elongation
was influenced by the compatibility
between synthetic auxin and a suitable
planting medium. Rootone-F supplied
auxin compounds that stimulated root
initiation, while rice husk charcoal
improved the physical condition of the
medium by increasing porosity and
aeration. Rootone-F can stimulate cutting
growth, especially root formation, when
applied at an appropriate concentration.

Survival Percentage (%)

Plant growth regulator type, planting
medium, and their interaction did not
significantly affect the survival percentage
of moringa stem cuttings. However,
numerically, Z1 and Z3 showed the highest
survival percentage, reaching 83.33%. This
tendency may be related to the role of plant
growth regulators in supporting root and
shoot initiation during the early growth
stage. Cahyaningtias et al. (2025) stated that
Rootone-F application can improve cutting
success because auxin absorbed by cutting
tissues stimulates cell division and root
formation. Ardiansyah et al. (2025) also
reported that mung bean sprout extract
contains auxin and cytokinin, which support
organ formation in plant cuttings.

Table 7. Effect of different plant growth regulators and planting media on the survival percentage (%)

Planting Media (M)
Ml M3
Plant Growth Regulator (Z) Rice husk charcoal + 1\12 C(l)lgllpi))s t Cattle manure + Average
soil (1:1) sont (& soil (1:1)
%
Zo (Without PGR (control)) 50.00 66.67 50.00 55.56
Z1 (Rootone-F 0.03%) 100.00 83.33 66.67 83.33
Z> (Shallot extract 60%) 50.00 83.33 33.33 55.56
Z3 (Mung bean sprout extract 60%) 100.00 100.00 50.00 83.33
Z4 (Young coconut water 60%) 50.00 66.67 83.33 66.67
Average 70.00 80.00 56.67 68.89

Coefficient of variation (%) 28.66*
Note: * : Data were transformed usingvx + 0.5

Overall, the average survival rate of generally contain more food reserves to
moringa stem cuttings was 68.89%, support survival. Nengsih and Wahyu
indicating that cuttings could survive under (2021) reported that a suitable temperature
different combinations of plant growth is important for cutting propagation, while
regulators and planting media, although Aisyah and Ansar (2023) stated that optimal
responses varied. Survival was likely humidity  supports  cutting  growth.
influenced by physiological condition, food However, Firdaus (2019) emphasized that
reserves, and environmental factors. Fitri et excessive humidity prior to root formation
al. (2021) stated that larger -cuttings may increase water accumulation in the
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medium, leading to cutting decay. Moist
media may reduce aeration, promote fungal
growth, and increase termite attack.
Termites commonly attack cellulose-rich

VOLUME 7 NOMOR 2 July-December 2026

basal and stem tissues, while Astuti et al.
(2026) reported that moringa stems contain
30.61% cellulose, 27.37% hemicellulose,
and 20.78% lignin.

Figure 1. Research observations: ( a) shoot emergence (b) number of shoots, (c) shoot
length, (d) number of leaves, and (e) root observation.

Figure 2. Moringa stem cuttings that developed leaves but did not form roots.

CONCLUSION AND
RECOMMENDATIONS

The application of Rootone-F 0.03%
(Z1) improved the growth of moringa
(Moringa oleifera L.) stem cuttings,
particularly in shoot length, number of
leaves, and root length. Rootone-F 0.03%
produced a shoot length of 4.36 cm at 6
weeks after planting (WAP), 16.78 leaves at
4 WAP, 22.94 leaves at 6 WAP, 27.11
leaves at 8 WAP, and an average root length
of 0.67 cm. The rice husk charcoal + soil
medium at a 1:1 (M1) ratio was the most
suitable planting medium, producing 2.97
shoots at 4 WAP, a shoot length of 3.93 cm
at 6 WAP, 19.10 leaves at 8 WAP, 5.87
roots per plant, and a root length of 0.64 cm.
The interaction between plant growth
regulators and planting media affected the
number of shoots, the number of leaves at 4
and 8 WAP, and root length. The
combination of Rootone-F 0.03% and rice
husk charcoal + soil produced the best
response, particularly in shoot number, leaf
number, and root length, with 5.17 shoots at
4 WAP, 59.50 leaves at 8 WAP, and a root
length of 2.02 cm. For moringa stem cutting
propagation, Rootone-F at 0.03% combined
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with rice husk charcoal and soil at a 1:1
(Z1M1) ratio is recommended, as it
supports better vegetative growth and root
development. Further studies are needed to
evaluate organic planting media, such as
compost and cattle manure, using improved
decomposition and sterilization processes to
reduce pathogen incidence and increase
rooting success.
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