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Abstract. The patchouli plant (Pogostemon cablin Benth.) is a tropical herbaceous plant that produces essential
oil. One of the problems is that the production is not yet optimal. Fulfillment of superior seedlings can help increase
patchouli productivity. Conventional patchouli propagation through stem cuttings is ineffective and takes longer.
Patchouli propagation can be done using a tissue culture approach via direct organogenesis to produce seedlings
quickly and efficiently. Effective patchouli propagation methods and successful acclimatization are very important
to research to support the propagation and breeding of patchouli plants. The aim of this research was to determine
the best of BAP concentration in direct organogenesis of leaf and stem explants. The research design used a
completely randomized series of hormone BAP, it has 5 levels, namely 0 mg/L (as control), 0.25 mg/L, 0.50 mg/L,
0.75 mg/L, and 1.0 mg/L. The explants used were the leaves and stems of Aceh patchouli. Plantlets are
acclimatized in compost media and covering treatment. Based on the results of observations, the best BAP
concentration is 0.25 mg/L with the initial observation parameters of the early emergence of shoots, number of
shoots, and length of shoots on leaf explants were 10 daps, 35.33 shoots, and 2.83 cm respectively. The use of leaf
explants showed a better response compared to stem explants. Patchouli plantlets were successfully acclimatized
and can adapt to the ex vitro environment using the covering method. Successful patchouli propagation and high
acclimatization can help produce effective patchouli seeds.
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INTRODUCTION

The patchouli plant (Pogostemon cablin
Benth.) is a tropical herbaceous plant that
produces essential oils (Rahayu and Heriani,
2021). It has the highest essential oil content
compared with the other patchouli varieties,
reaching 2.5-5% (Sahwalita and Herdiana, 2016).
Patchouli essential oil is needed in industrial fields
such as perfume, soap, cosmetics and medicine.
Pogostemon has been widely explored to obtain
key chemical compounds to produce new drugs
(Swamy and Sinniah, 2015). Patchouli plants
contain  bioactive  compounds including
terpenoids, flavonoids, organic acids, and
patchouli alcohol (Junren et al., 2021). One of the
problems of patchouli plant is the oil production in
Indonesia still limited and the production is not
optimal yet (Wahyudi et al., 2022). The

availability of superior seedling can increase plant
patchouli productivity. Patchouli plant can be
propagated by conventional method such as stem
cuttings, but its not efficient planting material and
needed a long time to produce seeds. Based on
research (Rikatari et al., 2016), the successfull of
stem patchouli cuttings requires soaking on a high
concentration hormone, namely NAA 200 mg/L.
The propagation of patchouli by tissue
culture approach can produce healthy and efficient
seedling. The propagation of patchouli can be
done through either direct or indirect
organogenesis (Yusniwati et al., 2021). The
propagation through tissue culture can produce
plants quickly and potentially free from viruses
and diseases (Florenika et al, 2022). Direct
organogenesis can produce plant organs such as
shoots, roots, and leaves which can arise directly
from meristems or undifferentiated cells such as
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callus (Oseni et al., 2018). The explants be used
can influence on the direct organogenesis
induction. However, each explants shows
different response. According to Yusniwati et al.
(2021) the node explant can induce shoots faster
than the leaf explant. However, it produces a
smaller number of shoots compared with leaf
explants.

Direct organogenesis can form organs or
shoots multiplication that produce seedlings
quickly and effectively (Maulia and Zuyasna,
2021). The success of patchouli in producing
shoot multiplication is largely influenced by
optimal hormone concentrations. It is important to
use the right type of hormone and concentration to
effectively induce direct organogenesis of Aceh
patchouli. According to Deepa and Thomas
(2022), the type and concentration of cytokinin
hormones influence shoot formation, the BAP
hormone alone shows the best results. BAP can
increase the shoot multiplication (Manurung et al.,
2021). Based on previous research, the addition of
BAP at low concentrations showed a better
response to patchouli shoot multiplication.
According to Lalthafamkimi et al. (2021), the use
of leaf explants can produce the highest number of
shoots with an addition BAP hormone
concentration is 1.0 mg/L, with a number of shoots
is 29.2/explant compared to a higher
concentration, namely BAP 1.5 mg/L which
produced 21.9/explant and BAP 2.0 mg/L with a
number of shoots is 19.3/explant. This is in line
with research by Kumara Swamy et al. (2010)
stated that the addition of 0.5 mg/L BAP produced
higher shoots compared with BAP concentrations
of 1 mg/L and 2 mg/L. According to research by
Mayura et al., (2020), the BA hormone 0.01 mg/L
is the best treatment for organogenesis of
patchouli plant accession Rimba Binuang with the
parameters are percentage of live explants,
number of shoots per explant, and total number of
leaves. The aim of this research is to determine the
best BAP concentration in direct organogenesis of
leaf and stem explants. Effective patchouli
propagation and successful acclimatization are
very necessary to produce healthy patchouli
seedlings. Healthy patchouli seedlings can be used
as parents for conventional patchouli propagation.
Based on research by Swamy and Sinniah (2016),
the success of acclimatization of patchouli reaches
80-90%. The success of acclimatization is
influenced by light conditions, temperature,
humidity and nutrition of the planting media (Anis
and Ahmad, 2016).
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METHODS
The research was conducted at the
Ecophysiology and Plant Tissue Culture

Laboratory of the Program Study of Agronomy,
Faculty of Agriculture, University of Jember,
starting from January 2023 to August 2023.

Research Design

The research design used a completely
randomized series of hormone benzylaminopurine
(BAP). BAP has 4 levels, namely 0.25 mg/L, 0.50
mg/L, 0.75 mg/L, 1.0 mg/L, and control. The
medium used was murashige skoog (MS) medium
with the addition of BAP at different
concentrations. The medium was added with 30
g/L sugar and 8 g/L gel. The tissue culture medium
was sterilized using an autoclave at 121°C and
17.5 psi pressure for 60 minutes.

Planting Explants

Propagation of patchouli plants can be
divided into third stages namely establishment of
direct  organogenesis,  proliferation, and
acclimatization. The explants used in this research
are leaves and stems of the Aceh patchouli plant.
The explants sterilized by washing gently with
sodium hypochlorite and the explants were cut
around 1 cm. Then, planting explants in the culture
media. The results of the planting were stored in
an incubation room with a temperature of 22°C
and in bright conditions or illuminated with an
LED lamp (3000 lux). Proliferation of shoot was
carried out on the same medium, namely MS
medium with the addition of the hormone
benzylaminopurine (BAP). The propagation of
patchouli plants through organogenesis is
cultivated to produce a root system.

Acclimatization of Seedlings

Plantlets resulting from the propagation of
patchouli plants through organogenesis are
acclimatized in compost media. Compost media is
sterilized by autoclaving at a temperature of 121°
C. Acclimatization is carried out by removing the
plantlets and cleaning them from the culture
medium with sterile water. Next, the plantlets are
immediately planted in compost media in a glass
with covering treatment. The plantlets were kept
in an incubation room at a temperature of 25° C
and illuminated with LED lights for 24 hours.
During acclimatization care, the plantlets are
watered every 3 days with MS nutrient solution in
the field capacity or approximately 10 ml.
Acclimatization was carried out for one month and
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the patchouli seedlings were transferred to the
greenhouse. Patchouli seedlings were cultivated in
a greenhouse and fertilized with 5 g/L foliar
fertilizer.

Observation Variable

Observed variables in research included early
emergence of shoots, number of shoots, shoot
length, and histology of early shoot emergence.
The early emergence of shoots was observed from
the start of explant planting until the start of the
response to shoot emergence. The number of
shoots and shoot length were observed in 4th
week.

Histology

The best of early emergence of shoot
observed by histology. Histological observation
by making preparations with stages including
sample fixation using formaldehyde for 12-24
hours at a temperature of 25-30°C. Then the
samples were dehydrated using acetone with
graded concentrations (70%, 80%, and 90%) for a
day. Next, clearing using xylol for 15 minutes
twice. Then, embed it by placing the sample in
liquid paraffin. Next, blocking was carried out
using paraffin. The sample cut uses a microtome
knife. The samples were selected and stained
using heamatoxylin-eosin. The sample is put
down on the glass slide and label. Next,
observations were using a binocular microscope at
100x magnification (Karabiyik and Sen., 2023).

Data Analysis

The observation parameters used in this study
include the early emergence of shoots, the number
of shoots, and Shoot Length. Data obtained from
observations were analyzed using analyze of
variance (ANOVA), if the results obtained
showed significantly different results, they would
be analyzed using the Duncan multiple range test
(DMRT) at a 95% confidence level.

RESULTS AND DISCUSSION

Histology of early shoot emergence

Histological observations help analyze
morphogenetic events and determine tissue
development that occurs during plant regeneration
in vitro conditions (Santana et al., 2023). The
propagation of patchouli can be done by direct
organogenesis or organ formation without going
through the callus formation phase. Direct
organogenesis in leaf and stem explants is
successful in showing shoot formation with a
success percentage of 100% (F2). Based on
observations, leaf explants showed better growth
compared to stem explants. This is because leaf
explants are parts of plants that actively divide and
are maristemic in nature. Patchouli leaf explants
are capable of producing a large multiplication of
shoots reaching around 4.5-16.3 shoots
(Yusniwati et al., 2021). The results of initial
histological observations of the early emergence
of shoots on patchouli leaf explants (F1).

Based on the results of histological
observations at the beginning of the emergence of
shoots on patchouli leaf explants, the surface of
the leaf explants gave rise to meristematic spots on
the explant cut scars (ms=meristematic spots)
(Fla). Meristematic spots show optimal cell
division and develop to form shoot protrusions and
produce shoot multiplication (F1b). In early
observations of the early stages of multiplication,
it was seen that there were many shoots that would
develop into many shoots of organogenesis or
multiplication. According to Deepa and Thomas
(2022), Histology of regenerated leaf explants
forming the initiation of shoot apical meristem
(SAM), leaf primordia (LP), and vascular

connections (VC) from the explant to the shoot
apex. Histology shoot organogenesis showing
multiple shoot buds originating from explant. The
initial buds will develop into shoots and form leaf
organs.

Figure 1. Histology of direct organogenesis in patchouli leaf explants. (A) early onset of shoot
emergence, ms=meristematic spots, e=explant; (B) beginning of shoot multiplication.
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Direct organogenesis of stem and leaf explant

Stem and leaf explants succeeded in inducing
shoots on MS media with the addition of the BAP
hormone. Shoots formed from explants show
various sizes. Each explant produces shoots
continuously so that the growth in each explant is
not uniform in size. The shoots will continue to
develop and produce multiplication as in Figure 2.

Based on the results, show that BAP hormone
treatment has a significant effect on the
multiplication of leaf and stem explants. Providing
the BAP hormone can produce good shoot
proliferation (Lalthafamkimi et al., 2021). The
concentration of BAP affects cell division. Cell
division that occurs will affect the number of
daughter cells formed. Each daughter cell will
differentiate into a shoot primordia (Rahayu and
Banowati, 2022). Leaf explants grown on MS
media with the addition of 0.25 mg/L BAP showed
the best multiplication growth with the highest
number of shoots, the highest shoots, and the
fastest initial shoot emergence (Table 1).

The propagation of patchouli plants by
organogenesis can directly produce rapid shoot
multiplication. Based on observations, treatment
with 0.25 mg/L BAP on leaf explants was able to
show early emergence of shoots within 10 days
after planting. The application of 0.25 mg/L BAP
to stem explants showed early emergence 12 days
after planting. Providing the BAP hormone with a
smaller concentration shows a rapid initial
response to the emergence of shoots. The rapid
emergence of shoots indicates that the explants

responded well to the administration of the BAP
hormone. Leaf explant induces shoots faster than
stem explant. According to Yusniwati et al.
(2021), node explant induces shoots faster than
leaf explant. In addition, a low BA concentration
of 0.3 mg/L was able to induce rapid shoots,
namely around 9.3 days after planting compared
to higher BA concentrations of 0.4 mg/L and 0.5
mg/L (Yusniwati et al., 2021).

The best number of shoots was obtained from
leaf explants treated with a BAP concentration of
0.25 mg/L with an average of 35.33 shoots. Using
stem explants with an addition of 0.25 mg/L BAP
showed the best number of shoots with an average
of 11.67 shoots. The BAP 0.25 mg/L showed the
best results compared to the control and other
higher BAP concentrations. The best shoot height
was obtained from leaf explants treated with 0.25
mg/L BAP with an average of 2.83 cm at the age
of a month. Leaf explants showed better shoot
height compared to stem explants. Treatment of
0.25 mg/L BAP on stem explants only produced
shoot height with an average of 1.63 cm.
According to Yusniwati et al. (2021), a low
concentration of BA 0.3 mg/L in leaf explants was
able to induce more shoots and the highest shoot,
namely around 16.3 shoots and 2,1 cm, compared
to higher BA concentrations, namely 0.4 mg/L and
0.5 mg/L (Yusniwati et al., 2021). The
concentration of BA that is too high can cause
callus growth more dominant and can inhibit the
growth of shoots and leaves (Dewi et al., 2022).

Figure 2. Direct organogenesis in stem and leaf explants of Aceh patchouli at one month of age.
(BO) control, (B1) BAP 0.25 mg/L, (B2) 0.50 mg/L, (B3) 0.75 mg/L, (B4) 1.0 mg/L.

Table 1. The parameters of early shoot emergence (DAP), number of shoots, and shoot length in direct

organogenesis of Aceh patchouli

Early shoot emergence

Number of Shoots

Shoot Length (cm)

Treatment (DAP)
Leaf Stem Leaf Stem Leaf Stem
Control 16 +0.58¢ 18 +0.58¢ 8.33 +1.53¢ 5.33 + 0.58¢ 0.43+0.06¢ 0.27 +0.06°
BAP0.25mg/L  10+0.008 12 +0.00? 35.33 + 3.062 11.67 + 2.522 2.83+0.152 1.63 +0.15%
BAP050mg/L 10+0.58% 14 +0.58° 30.33 +2.52b 10.67 +1.53% 1.47 £0.21° 1.00 + 0.20°
BAPO0.75mg/L 11 +0.00° 15+ 1.00° 22.67 +2.08¢ 8.33 +0.58" 1.33+0.15° 0.87+0.12°
BAP1.00mg/L 12+0.58° 17 +1.00¢ 18.33 + 1.53¢ 6.67 +0.58¢ 0.83 +0.06° 0.43 £ 0.06°
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The addition of BAP hormone at higher
concentrations shows increasingly stunted growth.
Shoot multiplication of patchouli at low
concentrations showed the best results on leaf and
stem explants. The control treatment showed the
worst growth compared to the highest
concentration, namely BAP 1 mg/L. This is in
accordance with research by Swamy et al. (2014),
which showed that the addition of BAP showed
better results compared to the control. However,
based on research by Swamy et al. (2014), the best
BA concentration is 0.5 mg/L which effectively
induces shoots and increases shoot multiplication
with an average of 46.1 shoots/explant. According
to research by Lalthafamkimi et al. (2021), the use
of patchouli leaf explants was able to produce the
highest number of shoots at a BAP hormone
concentration of 1.0 mg/L compared to higher
concentrations, namely BAP 1.5 mg/L and BAP
2.0 mg/L.

Proliferasi of shoot

The multiplication results were carried out by
proliferation on MS media with the addition of
0.25 mg/L BAP. The results of shoot proliferation
showed shoot growth and elongation at the age of
2 months (F3b). Patchouli plantlets were observed
at the age of 3 months with good shoot and root
growth (F3c).

The propagating of patchouli plants by
organogenesis can directly produce seedlings
quickly and effectively. Based on observations,
treatment with a BAP concentration of 0.25 mg/L
on leaf explants was able to produce early shoot

emergence for 10 days after planting. Patchouli
plantlets can be produced at the age of 3 months
after sub-culturing. Propagating patchouli through
tissue culture can produce lots of patchouli
seedlings quickly and more efficiently.
Propagation of patchouli plants through
multiplication has been reported to produce
seedlings quickly and effectively (Maulia and
Zuyasna, 2021).

Acclimatization of Seedlings

The propagating of patchouli from in-vitro
propagation cannot be planted directly and needs
to be acclimatization gradually adapted to field
conditions and optimal humidity. Acclimatization
is the transition process of plants from in-vitro
conditions to ex-vitro environments. Acclimatized
plants will be subjected to abiotic stress due to
differences in environmental conditions and
higher transpiration rates (Khandel et al., 2022).
One of the success factors during acclimatization
iS maintaining humidity to reduce the rate of
transpiration. According to Khandel et al. (2022),
the duration of exposure and light intensity are the
main  factors for success during the
acclimatization. Acclimatization of patchouli
seedlings from in-vitro propagation was carried
out using the covering method and using compost
media. Acclimatization was carried out in stages
starting from storing in incubation room
conditions for 2 weeks. Then transplanted in
polybags and moved to the greenhouse at the age
of a month.

Figure 3. Direct organogenesis in leaf and stem explants of Aceh patchouli. (A) shoot multiplication
(1 month), (B) shoot proliferation (2 months), (C) plantlet (3 months).
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Figure 4. Acclimatization of patchouli plantlets using the covering method. (A) initial acclimatization
under cover conditions, (B) condition of plantlets at the beginning of opening the cover, (C)
condition of plantlets at the age of 2 weeks after opening the cover, (D) condition of plantlets
seen from above, (E) growth of patchouli after transplanting into polybags.

The initial acclimatization conditions of the
patchouli that were covered showed good and
adaptive growth (F4a). The lid was opened in the
2nd week and the small plantlets died. Small
plantlets show nonadaptive growth and experience
drought. Defense ability in small plantlets during
adaptation is low. Small plantlets lose water due
to the high transpiration rate after the cover
treatment is opened. During the acclimatization
stage, plantlets can be treated with anti-
transpiration to increase the percentage of survival

(Anis and Ahmad, 2016). According to
Hidangmayum et al. (2019), chitosan can
effectively reduce transpiration by closing

stomata. Chitosan treatment can induce ABA as an
antitranspiration which affects stomata closure
(Hidangmayum and Dwivedi, 2022). Jasmonic
acid treatment can minimize water loss by
regulating stomata opening and closing in
Arabidopsis thaliana (Wang et al., 2020).
Plantlets that can survive and are able to
adapt are shown in figure (F4c). Plantlets that are
a month old and have adapted to the external
environment are planted in large polybags and
stored in a shaded greenhouse. Figure 4e shows
patchouli that has been transferred to polybags and
is able to adapt to greenhouse environmental
conditions. The successful acclimatization of
patchouli seedlings influences the level of success
in adapting to the field. According to Deepa and
Thomas (2022), pogostemon  quadrifolius
seedlings that had been acclimatized for 3 months
showed an adaptation level reaching 94% in the
field environment. Acclimatization using the
cover method can increase humidity and reduce
the transpiration rate which affects the successful
adaptation of plantlets. Acclimatization of elatior
plantlets using the cover method for 45 days
produces plants with higher fresh and dry mass,
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higher photosynthetic pigments (Pinheiro et al.,
2021).

The acclimatization stage must be carried out
gradually at lower humidity, higher light, and
temperature conditions (Anis and Ahmad, 2016).
The process of adaptation to environmental
changes is very necessary for success and optimal
growth. Failure at the acclimatization stage is an
important problem and needs to be controlled.
Acclimatized plants will be subjected to abiotic
stress due to differences in environmental
conditions and higher transpiration rates (Khandel
et al., 2022). Based on previous research,
acclimatization of algarbiensis plants in the
greenhouse showed a decrease in H;O, content
indicating recovery due to oxidative stress
(Goncalves et al., 2017).

Patchouli plant breeding to increase essential
oils and produce superior patchouli is very
necessary. In several previous studies, efforts to
increase essential oils in patchouli were carried out
by triggering mutations in patchouli leaf explants
using cholchicin which was added to the culture
medium to produce tetraploid patchouli with
greater morphological characteristics and the
potential to become a superior variety (Widoretno,
2016). According to Sugimura et al. (2005),
improving the characteristics of patchouli plants
was carried out through genetic transformation to
produce virus-free plants by infecting A.
tumefaciens strain EHA101/plG121-Hm which
carries the b-glucuronidase (GUS) and
hygromycin phosphotransferase (HPT) genes.
Procedures and methods for in-vitro propagation
of patchouli that are effective and have high
acclimatization success are very helpful for
patchouli plant breeders. Based on the research
results, in vitro propagation of patchouli is
effectively  carried out through direct
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organogenesis in the leaves with the addition of
the BAP hormone 0.25 mg/L in MS media. High
acclimatization success with the application of
cover during the acclimatization stage. The in
vitro patchouli propagation method along with
acclimatization is very useful for producing
healthy and disease-free patchouli to produce
patchouli seeds.

CONCLUSION

Leaf explants showed a better response
compared to stem explants in direct
organogenesis. A BAP concentration of 0.25 mg/L
showed the best response in terms of early
emergence of shoots, number of shoots, and shoot
height. Propagating patchouli by tissue culture can
produce many seedlings within 3 months during
in-vitro growth and a month during adaptation in
an ex-vitro environment. Further research needs to
be carried out regarding the success factors for
patchouli acclimatization as well as changes in the
biochemical content of patchouli during abiotic
stress at the acclimatization stage.

ACKNOWLEDGEMENT
Thank you to the Ecophysiology and Plant
Tissue Culture Laboratory of the Agronomy Study

Program, Faculty of Agriculture, University of
Jember, for facilitating this research.

REFERENCES

Anis, M. and Ahmad, N. (2016). Plant tissue culture:

Propagation,  conservation and  crop
improvement.  Plant  Tissue  Culture:
Propagation,  Conservation and  Crop

Improvement. doi: 10.1007/978-981-10-1917-
3.

Deepa, A. V., and Thomas, T. D. (2022). High-
frequency direct shoot induction from leaf
explants of pogostemon quadrifolius (Benth.) F.
Muell.: an ethnomedicinal herb. In Vitro
Cellular and Developmental Biology - Plant,
58(2), pp. 321-329. doi: 10.1007/s11627-022-
10265-w.

Dewi, S. C., Prasetyo, V. R., Sukweenadhi, J.,
Irawati, F., and Savitri, W. D. (2022). Effect of
6-Benzylaminopurine (BA) and Paclobutrazol
(PBZ) with Light Intensity Variations for
Cherry Tomatoes In vitro Flowering.
Biosaintifika, 14(3), 400-407. https://doi.org/
10.15294/biosaintifika.v14i3.39392

Florenika, N., Wijaya, A. N., Restanto, D. P., and

496

Hardjo, P. H. (2022). Regeneration of
Pogostemon cablin Benth. ‘Sidikalang’ through
Indirect Organogenesis and Shoot
Multiplication for Production of True-to-Type
Plant. Agriprima: Jowrnal of Applied
Agricultural Sciences, 6(1), pp. 1-11. doi:
10.25047/agriprima.v6il1.447.

Goncalves, S., Martins, N., and Romano, A. (2017).
Physiological traits and oxidative stress markers
during acclimatization of micropropagated
plants from two endangered Plantago species:
P. algarbiensis Samp. and P. almogravensis
Franco. In Vitro Cellular and Developmental
Biology - Plant, 53(3), pp. 249-255. doi:
10.1007/s11627-017-9812-y.

Gustian, G., and Mayerni, R. (2020). Shoot
induction using Benzyl Adenine in three
accessions of patchouli plant (Pogostemon
cablin  Benth) from West Pasaman.
International Journal of  Environment,
Agriculture and Biotechnology, 5(4), pp. 936—
942. doi: 10.22161/ijeab.54.13.

Hidangmayum, A., Dwivedi, P., and Katiyar, D.
(2019). Application of chitosan on plant
responses with special reference to abiotic
stress. Physiology and Molecular Biology of
Plants,  25(2), pp. 313-326. doi:
10.1007/s12298-018-0633-1.

Hidangmayum, A. and Dwivedi, P. (2022). Chitosan
Based Nanoformulation for Sustainable
Agriculture with Special Reference to Abiotic
Stress: A Review. Journal of Polymers and the
Environment, 30(4), pp. 1264-1283. doi:
10.1007/s10924-021-02296-y.

Junren, C., Xiaofang, X., Mengting, L., Qiuyun, X.,
Gangmin, L., Huigiong, Z., Guanru, C., Xin, X.,
Yanpeng, Y., Fu, P., and Cheng, P. (2021).
Pharmacological activities and mechanisms of
action of Pogostemon cablin Benth: a review.
Chinese Medicine (United Kingdom), 16(1), pp.
1-20. doi: 10.1186/513020-020-00413-y.

Karabiyik, S., and Sen, E. Y. (2023). Using
Histological Techniques for Plant Tissue
Culture Studies. MolBiotech, pp. 151-157.

Khandel, A. K., Gantait, S., and Verma, S. K. (2022).
Optimization of growing conditions, substrate-
types and their  concentrations  for
acclimatization  and  post-acclimatization
growth of in vitro-raised flame lily (Gloriosa
superba L.) plantlets. Vegetos, 35(1), pp. 228—
236. doi: 10.1007/s42535-021-00297-9.

Kumara Swamy, M., Balasubramanya, S., and
Anuradha, M. (2010). In vitro multiplication of
Pogostemon cablin Benth. Through direct
regeneration. African Journal of Biotechnology,



Mohammad Candra Prayoga, et al. / Biosaintifika 16 (3) (2024): 490-497

9(14), pp. 2069-2075.

Lalthafamkimi, L., Bhattacharyya, P., Bhau, B. S.,
Wann, S. B., and Banik, D. (2021). Direct
organogenesis mediated improvised mass
propagation of Pogostemon cablin: A natural
reserve of pharmaceutical biomolecules. South
African Journal of Botany, 140, pp. 375-384.
doi: 10.1016/j.sajb.2020.08.018.

Manurung, B. Y., Dewi, P. S., and Dwiati, M.
(2021). Effects of BAP and Lighting Duration
on Banana (Musa paradisiaca cv. Raja Bulu)
Micropropagation. Biosaintifika, 13(3), 284—
289. https://doi.org/10.15294/biosaintifika.
v13i3.25173

Maulia, E., and , Zuyasna, B. B. (2021). Growth of
Patchouli Shoots ( Pogostemon Cablin Benth )
with  Several Concentrations of Growth
Regulator Substances. 10OSR Journal of
Agriculture and Veterinary Science (IOSR-
JAVS), Volume 14, doi: 10.9790/2380-
1401013846.

Oseni, O. M., Pande, V., and Nailwal, T. K. (2018)
A review on plant tissue culture, a technique for
propagation and conservation of endangered
plant species. International Journal of Current
Microbiology and Applied Sciences, 7(07), pp.
3778-3786. doi: 10.20546/ijcmas.2018.707.
438.

Pinheiro, M. V. M., Rios-Rios, A. M., da Cruz, A. C.
F., Rocha, D. I., Orbes, M. Y., Saldanha, C. W.,
Batista, D. S., de Carvalho, A. C. P. P., and
Otoni, W. C. (2021). CO2 enrichment alters
morphophysiology and improves growth and
acclimatization in Etlingera Elatior (Jack) R.M.
Smith  micropropagated plants.  Revista
Brasileira de Botanica, 44(4), 799-809.
https://doi.org/10.1007/s40415-021-00741-9

Rahayu, S., and Heriani, S. (2021). Detection of
Essential Oils of Patchouli Leaves (
Pogostemon cablin Benth ) with Combination
of 2 , 4- Dichlorofenoxyacetate and Coconut
Water In Vitro. International Journal of
Ecophysiology, 03(01), 96-117.

Rahayu, E. S., and Banowati, N. C. (2022). In Vitro
Multiplication of Nepenthes mirabilis Lour
(Druce) with Variations Concentration of
Sucrose and BAP. Biosaintifika, 14(3), 417—
421. https://doi.org/10.15294/biosaintifika.
v14i3.38588

Rikatari, V., Hasanah, Y., and Ginting, J. (2016).
The growth response of planting material
cuttings patchouli (Pogostemon cablin Benth.)
to concentration of NAA (Napthalene Acetic
Acid). Jurnal Agroekoteknologi, 4(3), pp.

497

2127-2132.

Sahwalita., and Herdiana, N. (2016). Cultivation of
patchouli (Pogostemon cablin Benth.) and
production of essential oils. Palembang:
Environmental and Forestry Research Institute.

Santana, F. V., Freire, G. S., Silva, A. V. C,, and
Ledo, A. S. (2023). Histological studies on
induction of somatic embryogenesis in
mangabeira. Observatério De La Economia
Latinoamericana, 21(11), pp. 22611-22621.
doi: 10.55905/0elv21n11-216.

Sugimura, Y., Kadotani, N., Ueda, Y., Shima, K.,
Kitajima, S., Furusawa, T., and Ikegami, M.
(2005). Transgenic patchouli plants produced
by Agrobacterium-mediated transformation.
Plant Cell, Tissue and Organ Culture, 82(3),
251-257. https://doi.org/10.1007/s11240-005-
1039-7

Swamy, M. K., Mohanty, S. K., and Anuradha, M.
(2014). The effect of plant growth regulators
and natural supplements on in vitro propagation
of Pogostemon cablin Benth. Journal of Crop
Science and Biotechnology, 17(2), pp. 71-78.
doi: 10.1007/s12892-013-0038-1.

Swamy, M. K., and Sinniah, U. R. (2015). A
comprehensive review on the phytochemical
constituents and pharmacological activities of
Pogostemon cablin  Benth.. An aromatic
medicinal plant of industrial importance.
Molecules, 20(5), pp. 8521-8547. doi:
10.3390/molecules20058521.

Swamy, M. K., and Sinniah, U. R. (2016). Patchouli
(Pogostemon  cablin  Benth.):  Botany,
agrotechnology and biotechnological aspects.
Industrial Crops and Products, 87, pp. 161-
176. doi: 10.1016/j.indcrop.2016.04.032.

Wahyudi, A., Ermiati, A., Sujianto, S., and
Maslahah, N. (2022). Developing sustainable
production of patchouli oil in Kolaka, South
East Sulawesi, Indonesia: A problem-solving
approach. IOP Conference Series: Earth and
Environmental ~ Science,  974(1).  doi:
10.1088/1755-1315/974/1/012109.

Widoretno, W. (2016). In vitro induction and
characterization  of  tetraploid  Patchouli
(Pogostemon cablin Benth.) plant. Plant Cell,
Tissue and Organ Culture, 125(2), 261-267.
https://doi.org/10.1007/s11240-016-0946-0

Yushiwati, Y., Setiawan, R. B., Syarif, Z., Yusmarni,
Y., and Fitriawati, F. (2021). Direct
organogenesis of patchouli [Pogostemon cablin
Benth]. 10P Conference Series: Earth and
Environmental ~ Science,  741(1).  doi:
10.1088/1755-1315/741/1/012048.



