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INTRODUCTION

Sambung nyawa plant (Gynura procumbens) is a wild plant in the Asteraceae family often used
for consumption and medicinal purposes (Bakhtra et al., 2018). Cultivation of the sambung nyawa plant
is still limited due to various challenge to conventional propagation, such as the lack of seeds for
generative propagation, long cultivation time, low biomass yields, limited agricultural land, and lower
priority compared to other commodities such as food and plantations (Sakinah et al., 2018; Manuhara et
al., 2019). One of the methods can be applied to increase sambung nyawa production is by propagating
seeds using tissue culture.

Tissue culture is a cultivation method using adult plant tissue to produce new plants with the
same characteristics as parent plant (Apriliyani and Wahidah, 2021). In-vitro plant propagation is
affected by the composition in the growth medium and growth regulators from the auxin and cytokinin
groups (Nurcahyani et al., 2021). Plant growth regulators (PGRs) are divided into two types; natural
and synthetic regulators. Natural growth regulators are environmentally friendly, safe to use, readily
available, and less expensive (Kaffi, 2018). Moringa leaves and shallots are readily available potential
sources of natural growth regulators.

Moringa leaves contain significant amounts of ascorbate and phytohormones, such as cytokinin
(zeatin), auxin, and gibberellin (Nasir et al., 2016; Howladar, 2014). A 50% moringa leaf extract was
found to significantly increased plant height, fresh and dry weight, flower diameter, and leaf area in
sunflowers (Igbal et al., 2020). Shallots can be used as an alternative growth regulator due to their auxin
and thiamine content, which can stimulate plant growth and development (Tarigan and Nurbaiti, 2017).
Application of shallot extract has been shown to affect corn plant growth by increasing root length and
number (Gresiyanti ef al., 2021).

In vitro propagation of sambung nyawa plant cultures have been carried out using MS media
with the addition of BAP, NAA, and IBA, resulting in higher number of shoot induction, elongation of
shoot buds, number of roots and root length (Majumder et al., 2016). Research on the growth of sambung
nyawa plantlets on MS media supplemented with natural growth regulators has not been conducted.
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Therefore, the aim of this study was to determine the effect of adding natural growth regulators, from
moringa leaf and shallots filtrate, to MS media on the growth of sambung nyawa plantlets in vitro.

MATERIALS AND METHODS

This research was conducted in March-June 2025 at the laboratory of PT Pawitra Jaya Sakti
Biotek Sidoarjo. This experimental study used a factorial Completely Randomized Design (CRD) with
two combined factors; moringa leaf (M) and shallots (S) filtrate at various concentration (0 g/L, 12.5
g/L,25¢g/L,37.5g/L, and 50 g/L), and one control treatment of 1 mg/L BAP and 0.5 mg/L IAA. This
study had 26 treatment media with two replications.

The preparation of study began with sterilization of the equipment using an autoclave, then
filtrate of moringa leaf and shallot was produced by weighing 0 g, 12.5 g, 25 g, 37.5 g, and 50 g of
moringa leaves and shallots which then pureed using a blender in a 1 L of aquades and filtered. BAP
hormone was prepared at 1 mg/L while IAA at 0.5 mg/L. Medium was made by dissolving MS with
filtrate and synthetic hormones using a magnetic stirrer and hotplate then pH was adjusted to 5.6 - 5.8.
Medium adjusted for its pH were the sterilized using an autoclave.

Explants were taken from sambung nyawa plant at age 2-3 months old, cut to a size of 0.5 cm.
The subculture process began with sterilization of equipment using autoclave and 96% alcohol,
sterilization of plantlet bottles and media bottles with 96% alcohol, sterilization of the Biological Safety
Cabinet (BSC) with 96% alcohol and exposure to UV light for 30 minutes. Then, plantlets were
inoculated into medium in BSC by placing two explants in each bottle, capped with PP plastic, and
labeled accordingly. The inoculated bottles were then stored in a sterile room with 14-watt LED lights
and a temperature of 25°C under controlled conditions. Growth parameters were observed after 7 weeks
of incubation period.

The growth parameters observed including plantlet height increase, number of leaves, root
length, and number of roots. The data obtained were then analyzed for normality, followed by a
Friedman test at 5% significance level to determine significant differences between treatments. Then, a
Mann-Whitney test at 5% significance level was performed to compare two treatments and determine
any significant differences between samples.

RESULTS

Growth parameters observed in sambung nyawa planlets are presented in Table 1 and Table 2.
Based on Table 1, it can be seen that the MS media with the addition of 37.5 g/L moringa leaf filtrate
without shallot filtrate resulted in the highest increase in plantlet height and MS media with the addition
of 37.5 g/L shallot filtrate and without the addition of moringa leaf filtrate treatment produced the
highest average number of leaves. Meanwhile in Table 2 showed that MS media with the addition of 50
g/ L shallot filtrate and without the addition of moringa leaf filtrate treatment produced the highest
average root length, MS media with the addition of 25 g/L moringa leaf filtrate and 37.5 g/L shallots
treatment produced the highest average root number.

The Friedman Test results for all growth variables showed a significance value of p<0.05,
indicating a significant difference in growth outcomes across all sambung nyawa plantlet growth
variables (Table 1 and Table 2).

Table 1. Effect of various concentration of Moringa leaf and shallot filtrate to the growth of Sambung nyawa
planlet above the ground

Treatments* Height (cm)** Number of Leaves (pc)**
M,So 1.500 + 0.354acdehikim 7.750 + 1.299adfgijkmo
MoS125 2.150 + 0.384abeefhjk 8.500 * 1.118adfghijkmo
MoS2s 2.150 + 0.377abedefhjk 9.250 + 1.92(acdefghijkimo
MoSs7.5 2.325 £ 0.370bcfghjk 16.750 + 1.479%
MoSso 2.275 + 0.444abcethjk 11.750 £ 1.299cdehil
Mi25So 2.500 £ 0.339bfghj 12.750 + 1.479cdehl
Mi255125 1.600 £ 0.400<defhikim 8.000 + 0.7074dfgijkmo
Mi25S2 1.675 + 0.342cdethikim 7.750 + 0.829dfsikmo
M1255375 1.850 + 0.477abcdefhijkl 9.750 + 1.479defhijimo
Mi25Ss0 1.325 + 0.2050cdilm 12.000 + 0.707<eh!
M25So 1.500 + 0.367dehikim 8.000 + 0.707dfgijkmo
M2551255 1.325 + (.327deikim 5.750 + 1.479dgikmno
M:5S25 1.725 + 0.192¢hik 6.500 + 1.118dgikmno
M255375 2.450 £ 0.364bfghj 10.250 + 1.090M!
M25Ss0 1.775 + 0.178ehik 8.250 + 0.829dfgijkmo
M375S0 2.950 + 0.1508h 9.500 £ 1.118gmo
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M3755125 2.000 = 0.616rbedefghijk 6.750 * 1.479dfgijkmno
M375525 2.050 + 0.415¢fhijk 6.750 % 0.829dgikmo
M3755375 2.125 + 0.507¢fhijk 7.000 + 1.225dfgijkmo
M375Ss0 2.25 + 0.482hjk 6.750 £ 0.829dgikmo

Ms0So 1.450 + 0.229km 7.000 % 0.707dgikmo
Ms0S125 2.200 + 0.234ik 12.250 +£2.278!
Ms0S25 1.775 + 0.268k 7.750 + 0.829dfgijkmo
Ms0S375 1.350 + 0.050! 4.500 +1.118"
Ms0Ss0 1.150 £ 0.112m 8.000 * 0.707dfgijkmo
Control
(BAP + IAA) 1.450 + 0.364 8.250 +2.165

Note: *) Number typed in subscript is the concentration of the filtrate.
**) The same superscript notation indicates no significant difference, while different superscript indicates a significant different
at 5% level (Mann-Whitney test).

Table 2. Effect of various concentration of Moringa leaf and shallot filtrate to the growth of Sambung nyawa
planlet under the ground

Treatments* Root Length (cm)** Number of Roots (pc)**
MoSo 15.250 + 1.639athikip 2.250 + 1.090cdehkl
MoS125 4.625 + 2.902abilmopq 2.500 + 1.500abedefhikl
MoS2s 20.125 + 2.307abckn 3.000 + 1.225acdehjkl
MoS375 21.750 + 3.897abedk 4.750 £ 0.433befhj
MoSso 24.500 + 2.958bck 1.500 + 0.5000chi
Mi25S0 22.525 + 4.132abck 2.750 + 0.433acdehkl
Mi25S125 10.000 + 2.449efhijkimp 3.250 + 1.090aefhjk!
Mi25S25 12.250 * 3.491fhijkimp 7.250 + 3.1712bfhij
Mi25S37.5 13.375 + 3.990fijklp 6.000 + 4.243ahijki
Mi25Ss0 0 + Qefginr 0 + Oskm
M2550 12.500 =+ 2.179fhijkip 3.250 + 1.090ahjk!
M255125 6.900 + 5.112ikimnopq 6.000 + 4.307ahiki
M25S25 5.375 + 5.447ikimnopqr 3.500 + 3.577aikim
M25S375 15.000 + 2.622Mhiklp 7.750 + 1.479si
M25Ss0 18.625 + 9.296xmp 4.750 + 1.299
M75S0 10.250 + 3.4911mop 4.750 + 1.785ahk

M3755125 5.075 + 3.208fmnopq 7.000 + 3.937ahijki
Mi75S25 1.875 + 3.248noqr 1.750 + 3.031akim
M375S375 1.000 £ 1.2250ar 3.500 + 5.5002km
M75Ss0 3.625 + 3.664mpa 4.000 £ 2.915ahik
Ms0oSo 1.500 + 1.500n 1.500 + 1.5002ckim
MsoSizs 9.750 + 3.345mop 2.250 + 0.8292cK1
Ms50S25 2.925 +1.618q 5.750 + 3.112ah
M;0S37.5 0 £ Qefer 0 % Qsm
Mi50Ss0 0 + Qefsr 0 £ Ogm
Control
(BAP + IAA) 0£0 0 0

Note: *) Number typed in subscript is the concentration of the filtrate.
**) The same superscript notation indicates no significant difference, while different superscript indicates a significant different
at 5% level (Mann-Whitney test).

According to the Mann-Whitney test results, the dominant treatments significantly different
from the other treatments were Mas7sSo, which was significantly different from 19 other treatments;
Ms0Ss0, which was significantly different from 17 other treatments; MsoSs75, which was significantly
different from 16 other treatments; M1255s50, which was significantly different from 14 other treatments;
Mai25S0, which was significantly different from 12 other treatments; and Ms0S125, which was significantly
different from 12 other treatments. Each dominant treatment significantly different from the other
treatments was then compared on average to determine the best treatment. The M375So treatment, a
treatment with MS media supplemented with 37.5 g/L of moringa leaf filtrate and without the addition
of shallot filtrate, was the treatment with the most significant differences compared to the other
treatments and had the highest average growth rate in plantlet height.

Based on the Mann-Whitney test results, the dominant treatments significantly different from
the other treatments were MoSz75, which was significantly different from 24 other treatments; MsoSs75,
which was significantly different from 21 other treatments; Mi255s0, which was significantly different
from 18 other treatments; MoSso, which was significantly different from 17 other treatments; Mi25S,
which was significantly different from 17 other treatments; Ms0S125, which was significantly different
from 17 other treatments; and M2sSs75, which was significantly different from 16 other treatments. Each
dominant treatment significantly different from the other treatments was then compared on average to
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determine the best treatment. The MS375 treatment, the MS media treatment with the addition of 37.5
g/ L shallot filtrate and without the addition of moringa leaf filtrate, was the treatment with the most
significant differences compared to the other treatments and had the highest average leaf growth rate.

The dominant treatment significantly differed from the other treatments: the MoSys treatment
was significantly different from 21 other treatments, the MoSs75 treatment was significantly different
from 21 other treatments, the MoSso treatment was significantly different from 19 other treatments, and
the Mi25So treatment was significantly different from 20 other treatments. Each dominant treatment
significantly differed from the other treatments and was then compared to determine the best treatment.
The MoSso treatment, a MS medium treatment with 50 g/L of shallot filtrate and without the addition
of moringa leaf filtrate, had the highest average root length growth rate.

According to the test results, the dominant treatments significantly differed from the others: the
Mai25550 treatment, which was significantly different from 18 other treatments; the Ms¢Ss75 treatment,
which was significantly different from 18 other treatments; the Ms0Ss0 treatment, which was
significantly different from 18 other treatments; the M2sSs75 treatment, which was significantly different
from 14 other treatments; and the MSso treatment, which was significantly different from 11 other
treatments. Each treatment that was significantly different from the others was then compared on
average to determine which treatment was superior. Treatment M2s5375, a treatment using MS media
supplemented with 25 g/L moringa leaf filtrate and 37.5 g/L shallot filtrate, had the highest average
root growth rate.

The growth of sambung nyawa plantlets in MS media supplemented with 1 mg/L BAP and 0.5
mg/LIAA only resulted in plantlet height and leaf number. Furthermore, the lower part of the plantlets
did not grow roots but rather callus, making it impossible to calculate the growth parameters of root.
The result of number of leaves from each treatment can be viewed in the following Figure 1.

Figure 1. Observation results of the number of leaves based on treatment. a) MoSo; b) MoS125; ¢) MoSzs; d) MoSs7.s; €) MoSso;
f) Mi25S0; g) M125S125; h) Mi25S2s: i) M125S37.5; ) Mi25Ss0; k) M25So; 1) M25S125; m) M25S2s; n) M25Ss7.5; 0) M2sSso; p) Maz5So;
q) M3755125; ¥) M375525; 5) M375S37.5; t) Mi75Ss0; u) MsoSo; v) MsoS12.5; W) MisoSzs; X) Ms50Ss7s; y) MsoSso; z) Control (MS + 0.5 mg/L
IAA and 1 mg/L BAP)
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DISCUSSION

Plantlet height increases due to the division, elongation, and enlargement of new cells in the
apical meristem and stem internodes, which causes the plantlets to grow taller (Widiastoety, 2014). Plant
growth requires growth regulators from the auxin and cytokinin groups (Nurcahyani et al., 2021).
Moringa and shallot leaves contain endogenous hormones from the auxin and cytokinin groups (Tini
et al., 2022). The administration of growth regulators increases protein synthesis in plant cells. Proteins
are used as a building block for plant organs such as roots, stems, and leaves (Salisbury and Ross, 1992).

Moringa leaf filtrate is known to be rich in natural phytohormones such as auxins, cytokinins,
and gibberellins, which can stimulate root growth, shoot growth, and cell elongation (Saini et al., 2016).
Moringa leaf extract contains natural cytokinin hormones such as zeatin, dihydrozeatin, and
isopentyladenine. Furthermore, moringa leaves contain protein, minerals, essential amino acids,
glucosinolates, isothiocyanates, and phenolics, which can stimulate plant growth (Culver ef al., 2012).
However, excessively high concentrations can cause inhibitory effects due to hormonal imbalance or
phytotoxicity. Plant growth regulators, such as auxin, can act as growth stimulants and inhibitors
depending on the concentration used (Farman ef al., 2019). This is reflected in the decrease in average
plantlet height and leaf number at a concentration of 50 g/L, indicating possible toxic effects or
physiological stress.

Shallots contain compounds such as flavonoids, such as quercetin, organic sulfur, and phenolic
compounds, which have antioxidant activity and potentially support root and shoot cell elongation
(Hasibuan et al., 2020; Sagar et al., 2022). Other studies have also shown that several shallot concentration
treatments, such as 7.5 mL/L - 22.5 mL/L, showed no significant differences in plant height parameters
(Mutryarny et al., 2022b). This may be due to the higher auxin content in shallots than cytokinins (Tini
et al., 2022). The auxin hormone is known to play a vital role in almost every aspect of root development,
from the cellular level to the overall root system level (Roychoudhry and Kepinski, 2022). Active sulfur
compounds at high concentrations can also trigger oxidative stress or antimicrobial reactions that can
inhibit the process of early root differentiation (Benkeblia, 2004). Therefore, plantlet growth tends to
decrease in almost all growth variables at a concentration of 50 g/L.

Based on the Mann-Whitney test, it was found that there was an interaction between the
concentration of moringa leaf filtrate and the concentration of shallot filtrate on plantlet height. This can
be seen from the treatment media where the combination of moringa leaf filtrate and shallot filtrate can
also differ significantly from other treatments, although this does not necessarily result in better growth.
This finding indicates that the response of sambung nyawa plantlets to one treatment factor may
depend on the concentration of the other factor. The effect on sambung nyawa plantlet growth of one
concentration of moringa leaf filtrate may differ depending on the concentration of shallot filtrate used
simultaneously, and vice versa.

Biologically, the interaction between the concentration of moringa leaf filtrate and shallot
filtrate may occur due to the possible synergy or interaction between the bioactive compounds
contained in the two types of filtrate. The hormones auxin and cytokinin in moringa leaves are known
to play a role in stimulating root and shoot growth (Saini et al., 2016). Meanwhile, shallots also contain
sulfur compounds and flavonoids such as quercetin, which act as antioxidants and promote tissue
elongation (Hasibuan et al., 2020; Sagar et al., 2022).

Moringa leaves have a higher auxin content than shallots (Tini et al., 2022). However, the
treatment medium containing 50 g/L shallots resulted in the highest root growth. This may be due to
the endogenous hormones contained in the grafted explants. The endogenous hormones in the grafted
explants are thought to be sufficient to meet the explant's growth hormone requirements. Therefore, the
addition of exogenous hormones from shallots at lower auxin levels than those from moringa leaves is
thought to meet the requirements for optimal root growth. Thus, a synergistic reaction occurs between
the endogenous hormones in the grafted explants and the exogenous hormones in shallots. Meanwhile,
exogenous hormones from moringa leaves, with higher auxin levels than shallots, are thought to exceed
the requirements for root growth, resulting in an antagonistic reaction between the endogenous
hormones of the grafted explants and the exogenous hormones of the moringa leaves. Treatment media
containing 25 g/L of moringa leaves and 37.5 g/L of shallots also resulted in the highest root growth.
This may be due to the presence of endogenous hormones contained in the grafted explants. The
endogenous hormones of the grafted explants are thought to be sufficient to meet the explant's growth
hormone needs, so adding exogenous hormones from shallots at a higher concentration than those from
moringa leaves is thought to meet the requirements for optimal root growth. This creates a synergistic
reaction between the endogenous hormones of the grafted explants and the exogenous hormones of the
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shallots and moringa leaves. This combination of compounds has the potential to create synergistic or
antagonistic interactions, depending on their concentration.

Several media treatments combining moringa leaf and shallot filtrates have resulted in lower
growth of grafted explants compared to media treatments using only one filtrate. This can occur due to
the interaction between exogenous and endogenous hormones in plants. Explant growth and
morphogenesis are regulated by the interaction and balance of growth regulators in the media with
endogenous hormones present in the explants (Rainiyati and Kristiana, 2009). The interaction between
endogenous hormones and the administered growth regulators results in a balanced ratio of their action
to cytokinins (Aziz et al., 2014).

Root length growth in media supplemented with 1 mg/L BAP and 0.5 mg/L IAA did not show
good results. Plantlets did not produce root growth, but instead produced callus growth. Higher
concentration of cytokinin in undifferentiated plant cells can encourage explants to form shoots
(Svolacchia and Sabatini, 2023). However, callus formation is also influenced by the interaction of
exogenous hormones added to the media and endogenous hormones contained in the explants
(Wahyuni et al., 2020).

This indicates that moringa leaf filtrate and shallot filtrate are capable of promoting stable root
differentiation, unlike synthetic hormones, which tend to trigger the proliferation of non-differentiated
cells into callus. Therefore, moringa leaf filtrate and shallot filtrate can be considered effective natural
plant growth regulators, as they can simultaneously support vegetative and root growth without
producing callus that could interfere with acclimatization.

According to research that has been carried out, the best treatment for increasing plantlet height
is Ms75S0 treatment (MS media with the addition of 37.5 g/L of Moringa leaf filtrate), the best treatment
for the number of leaves is MoSs75 treatment (MS media with the addition of 37.5 g/L of shallot filtrate),
the best treatment for root length is the MoSso treatment (MS medium with the addition of 50 g/L of
shallot filtrate), and the best treatment for root number is the M25Ss75 (MS media with the addition of 25
g/L Moringa leaf filtrate and 37.5 g/L shallot filtrate).

Furthermore, control media using synthetic hormones resulted in callus formation but not root
formation, indicating that hormonal balance significantly determines growth direction. The use of
filtrates from natural sources, such as moringa leaves and shallots, provides a more stable approach and
is closer to natural conditions, as the compounds work more slowly and support tissue differentiation
rather than triggering excessive proliferation. Utilizing filtrates from natural sources offers the
opportunity to develop cheaper, more sustainable growing media that are free from the risk of synthetic
hormonal imbalances. This makes the filtrate a relevant and strategic biological additive option in tissue
culture-based propagation.

CONCLUSION

Based on the research that has been done and the research results obtained, it can be concluded
that there is an effect of the concentration of moringa leaf filtrate, the concentration of shallot filtrate,
and the interaction between the concentration of moringa leaf filtrate and the concentration of shallot
filtrate on the growth of sambung nyawa (Gynura procumbens) plantlets with 37.5 g/L moringa leaf
filtrate increasing the best plantlet height, 37.5 g/L shallot filtrate increasing the best number of leaves,
50 g/L shallot filtrate increasing the best root length and 25 g/L moringa leaf filtrate and 37.5 g/L
shallot increasing the best number of roots.
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