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Introduction

Aceh patchouli (Pogostemon cablin Benth.) is a tropical herbaceous plant that yields essential oils containing
2.5% to 5% (Sahwalita et al. 2016). Patchouli essential oil contains alkaloids, flavonoids, and terpenoids (Rahayu
et al. 2021). It is an important herbal plant and widely used in industries (Swamy et al. 2015). It is also used
as a traditional medicine, such as in Chinese medicine (Junren et al. 2021). Moreover, patchouli oil is essential
in the perfume, soap, cosmetics, and pharmaceutical industries. Not with standing, patchouli oil production
in Indonesia remains limited and suboptimal (Wahyudi et al. 2022). These issues stem from the sparse availability
of high-quality, virus-free seedlings. The quality of the seedlings influences the quality of the resultant essential
oil. In addition, virus attacks on patchouli cultivation can reduce patchouli production and biomass. Several

viruses that attack patchouli include the patchouli mosaic virus PaMV, patchouli mottle virus PaMoV, patchouli
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yellow mosaic virus PaYMV, and patchouli mild mosaic virus PaMMV (Swamy et al. 2016).

In response to these issues, stem cuttings generally come under the spotlight, assisting in propagating patchouli
because it rarely flowers and does not produce seeds (Tiwari et al. 2020). However, propagating patchouli via
cuttings reduces plant quality (Normasari et al. 2023). The production of superior, virus-free seedlings is essential
to support increasing essential oil productivity. Propagating patchouli through tissue culture can produce superior,
virus-free seedlings (Florenika et al. 2022). Patchouli propagation can be done through direct multiplication
or organogenesis (Yusniwati et al. 2021). This is different from the propagation of the Lhokseumawe patchouli,
which occurs indirectly in leaf explants (Puspita et al. 2023). In contrast, organogenesis involves the formation
of plant organs such as shoots, roots, and leaves, which can arise directly from meristems or callus (Oseni
et al. 2018). A combination of BAP and kinetin could induce patchouli shoot through organogenesis (Mayerni
et al. 2020).

Shoot multiplication is widely known to produce seedlings quickly and effectively (Maulia et al. 2021). This
method requires appropriate hormones, such as BAP, to effectively induce shoot multiplication (Lalthafamkimi
et al. 2021). On the other hand, successful organogenesis can be achieved by using the concentration of BA
0.01 mg/L to aid rimbabinuang accession patchouli, with careful examination of the percentage of successful
explants, number of shoots, and number of leaves (Mayura et al. 2020). The right concentration of cytokinin
can trigger increased shoot multiplication. In addition, the combination of 0.5 uM kinetin and 1.5 uM BAP
has been documented to yield the best patchouli shoot regeneration from node and leaf explants (Godbole et
al. 2022). Another measure is using MS medium supplemented with BA (0.5 mg/L) and kinetin (0.5 mg/L)
to achieve effective shoot multiplication induction (Swamy et al. 2014). Furthermore, the addition of 1 mg/L
kinetin to MS medium is proven effective as it results in 13 shoots. This concentration is better than the higher
concentrations of 2 mg/L and 3 mg/L, producing 6 shoots (Rahmawati et al. 2021). These diverse outcomes
highlight that the multiplication results need to be carefully subcultured into a rooting medium. To do so,
the induction of patchouli roots requires sub-culturing on MS medium supplemented with auxin, such as NAA
or IAA, on MS or 1/2 MS medium (Swamy et al. 2015).

Another critical measure to ensure successful multiplication is that patchouli propagated in vitro needs to
undergo acclimatization to an ex vitro environment. This is the process of transitioning seeds from in vitro
conditions to an ex vitro environment (Sinta et al. 2019), and it represents a pivotal factor in in-vitro patchouli
propagation. High survival rates have been reported, with up to 91% success in greenhouse conditions using
soil media (Swamy et al. 2010). Based on research by Swamy et al. (2016), patchouli acclimatization still achieved
80-90% success after being transferred to the field environment. However, after 2 weeks in a field environment,
the adaptation of Pogostemon paniculatus planlets has been reported to reach only 55% (Godbole et al. 2022).
Successful acclimatization requires meticulous measures to maintain plant conditions, light intensity, temperature,
relative humidity, planting medium, nutrition, and fertilization (Irsyadi 2021). These measures imply that in
vitro-derived patchouli plantlets cannot be transferred directly to field conditions, as it requires gradual adaptation
under controlled environmental parameters. This is because acclimatization can induce oxidative stress and neg-
atively affect plant growth (Goncalves et al. 2017).

Failure at the acclimatization stage is a serious problem and thus requires immediate apt measures. Acclimatized
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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
transpiration rate. Another method is covering treatment, known to increase humidity and reduce transpiration
rate (Khandel et al. 2022). Covering duration and light intensity significantly influence the acclimatization of
lily plants. Despite an emerging body of literature on this area, findings on effective propagation for Aceh patchouli
remain sparse. This study aims to address this gap through in vitro propagation with histological observation.

In addition, it seeks to develop an optimal acclimatization to increase the success of patchouli adaptation.

Materials and Methods

Explant sterilization

This study involved young leaves of the Aceh patchouli as explants. These leaf explants were sterilized through
purification under running water and then placed in a laminar airflow. Surface sterilization was performed
using 70% ethanol for 15 seconds, followed by immersion in a 1% sodium hypochlorite solution for 5 minutes.
The sterilization was repeated twice, after which the explants were rinsed with sterile distilled water 3 times.
The explants were then placed in a petri dish and cut into segments of approximately 1.5 cm in length. Finally,

the prepared explants were inoculated onto shoot multiplication medium.

Shoot multiplication

Shoot multiplication was carried out on Murashige Skoog MS medium (Murashige et al. 1962) with the addition
of Benzyl Aminopurine (BAP). Six BAP concentrations were tested: 0.25 mg/L (B1), 0.50 mg/L (B2), 0.75 mg/L
(B3), 1.00 mg/L (B4), 1.25 mg/L (B5), and 1.50 mg/L (B6). Each experiment was repeated five times. The medium
contained 30 g/L sucrose and 8 g/L agar, with pH adjusted to 5.6. Prior to the shoot multiplication, the medium
was sterilized using an autoclave at 121T for 60 minutes. The explants were inoculated onto the medium and

incubated in a growth room at 25C with LED illumination for 8 hours/day.

Induction of roots

The prepared roots derived from 8-week-old multiplication were subcultured onto a new medium to stimulate
root system formation. Root induction was carried out on MS medium supplemented with naphthalene acetic
acid (NAA). Five NAA concentrations were prepared: 0 mg/L (control, NO), 0.2 mg/L (N1), 0.4 mg/L (N2),
0.6 mg/L (N3), and 0.8 mg/L (N4). Each experiment was repeated five times on medium containing 30 g/L
sucrose and 8 g/L agar. As before, the medium pH was adjusted to 5.6, and it was then sterilized using an
autoclave at 121T for 60 minutes. Root induction was performed in an incubation room at 23C under LED

illumination for 8 hours/day.
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Acclimatization of plantlets

Plantlets were acclimatized at 2 months after root induction, provided they met specific morphological criteria,
including the formation of 10-12 leaves, a plantlet height of 6-8 cm, and a well-established root system. Acclimatization
involved a compost medium of 60 g per cup, using a covering treatment to improve plantlet adaptation. Five
treatments were administered during the covering period, including 3 days (T1), 6 days (T2), 9 days (T3), 12
days (T4), and no covering (control). Each experiment was repeated five times. During the acclimatization, the
seedlings were removed from the bottle and purified after being transferred from the culture medium. The
seedling roots were washed with fungicide and bactericide, then rinsed with sterile distilled water. The seedlings
were then planted in compost medium, which was stored in the incubation room at 25C and under LED lights
for 8 hours/day. Watering was done every 3 days using the spray method. In the second week after removal

of the covering, the acclimatized patchouli plantlets were planted in polybags and transferred to the greenhouse.

Phenotyping

Plant growth was observed at the multiplication, root induction, and acclimatization stages. The multiplication
stage recorded the time of shoot appearance, the number of shoots, and the shoot height. The observation at
the root induction stage focused on plant length, plant height, root length, and plant fresh weight. The final

observation measured plant length, plant height, root length, plant fresh weight, leaf width, and survival rate.

Histology

Histological observations were conducted following standard procedures of sample preparation. The samples
were prepared and preserved using formaldehyde for 12-24 hours at 25-30C. The samples were subsequently
dehydrated using acetone with graded concentrations (70%, 80%, and 90%), each of which was performed for
1 day. Clearing was immersing the samples in xylene for 15 minutes twice. The samples were then embedded
in liquid paraffin, followed by block formation. The samples were sectioned using a blade microtome, and these
were selected and stained using hematoxylin and eosin (HE). The prepared samples were glued to glass slides

for further observation using a binocular microscope at 100 magnification (Karabiyik et al. 2023).

Statistical analysis

Data were examined through analysis of variance using SPSS (Windows version 26). Duncan multiple-range

test (DMRT) at the 5% confidence interval was performed on treatments identified with a significant effect.
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Results

Shoot multiplication

Shoot multiplication using the leaf explants was successfully carried out on MS medium supplemented with
BAP. As displayed in Table 1, different BAP concentrations exhibited significant effects on early shoot emergence,
shoot number, and shoot height. The data further shows that low concentrations of BAP generate the best
results, as indicated by the fastest shoot emergence, the highest number of shoots, and the highest shoot height.
BAP hormone concentration of 0.25 mg/L is proven to induce the fastest shoot multiplication, namely 6.3 days
after inoculation of explants. In contrast, a BAP concentration of 1.50 mg/L induces shoots for 14.8 days. The

earliest shoot emergence is followed by the highest number of shoots and the highest shoot growth.

Table 1. The average patchouli shoot multiplication time is 35 days.

The average of the data

BAP Treatment (mg/L)

Time of shoot’s appearance (days) Number of shoots Height of shoots (cm)
Bl (BAP 0.25 mg/L) 6.3 £ 0.50° 68.5 = 3.11° 51 + 0.34°
B2 (BAP 0.50 mg/L) 7.8 + 0.50° 483 + 2.99 44 x 021°
B3 (BAP 0.75 mg/L) 10.5 + 0.58° 235 + 1.29° 2.6 + 0.22°
B4 (BAP 1.00 mg/L) 10.8 + 0.96° 19.5 + 2.08 26 + 0.17°
B5 (BAP 1.25 mg/L) 12.5 + 1.00¢ 19.0 + 1.83¢ 2.0 + 0.22¢
B6 (BAP 1.50 mg/L) 14.8 + 0.96° 12.5 + 2.08° 1.5 + 0.13°

The growth of shoot multiplication in explants is influenced by different hormone concentrations. The lowest
BAP concentration (0.25 mg/L) produces the highest number of shoots, namely 68.5 (Table 1). The higher the
BAP concentration in the medium, the fewer shoots produced. BAP concentration at 1.5 mg/L generates the
fewest shoots, namely 12.5 shoots. Different hormone concentrations also affect the height of the shoots produced.
The addition of a BAP hormone concentration of 0.25 mg/L produces the highest number of shoots with an
average height of 5.1 cm at 35 days after inoculation of explants. By contrast, administering BAP 1.5 mg/L
results in the shortest shoots with an average shoot height of 1.5 cm at 35 days after the inoculation of explants.
These results are consistent with the outcomes of microscopic observations, showing that treatment with BAP
0.25 mg/L produces a higher number of shoots than treatment with BAP 1.5 mg/L (Fig. 1).

The addition of BAP at 0.25 mg/L induces shoots more quickly, namely on the 6™ day after inoculation of
explants. The shoots then continue to elongate and increase in number over 35 days. The early emergence
of shoots is directly proportional to the number of shoots produced. The sooner the shoots appear, the more
shoots are produced. The addition of BAP hormone effectively induces cell division at the cut edges of leaf
explants. The results of leaf explant multiplication were observed histologically at the beginning of shoot

multiplication.
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Fig. 1. Observations of the emergence of shoots at 8 magnifications: (A) Bl 0.25 mg/L, (B) B2 0.50 mg/L, (C) B3 0.75 mg/L, (D)
B4 1.00 mg/L, (E) B5 1.25 mg/L, (F) B6 1.50 mg/L.

The histological observation of 0.25 mg/L BAP treatment documented a response to cell division on the leaf
surface of explants, forming embryo-like protrusion structures (Fig. 2a). The embryo-like protrusion grows and
gradually turns into the beginning of the emergence of shoot multiplication (Fig. 2b). This patchouli regeneration
takes place through direct organogenesis and demonstrates the potential to produce patchouli seedlings quickly.
This method can aid the production of virus-free patchouli seedlings as well as many early shoots. The results
of patchouli shoot multiplication at 35 days are shown in Fig. 3.

Minimum use of BAP concentration of 0.25 mg/L can produce the best shoot growth (Fig. 3). This result
shows that lower BAP concentrations lead to better patchouli shoot growth. By contrast, higher concentrations
result in suboptimal growth of root system. In other words, the cytokinin hormone BAP cannot induce root

formation, so subculture is necessitated in a prepared medium supplemented with the auxin hormone.

Fig. 2. Histological observations at the beginning of patchouli multiplication: (A) initial explant response forming embryo-like protrusion
structures, and (B) beginning of patchouli shoot multiplication.

Plant Breeding and Biotechnology (PBB)
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Fig. 3. Shoot multiplication for 35 days after inoculation of explants. (A) BAP 0.25 mg/L, (B) BAP 0.50 mg/L, (C) BAP 0.75 mg/L,
(D) B4 1.00 mg/L, (E) B5 1.25 mg/L, (F) B6 1.50 mg/L.

Root induction

The addition of the NAA hormone in MS medium triggers root induction, leading to the growth of a good
root system to support successful acclimatization and adaptation of plantlets to the ex vitro environment. The
addition of NAA to the culture medium induced roots at 2 weeks after subculture, yet it is also found that

each NAA concentration triggers a different response, as indicated by shoot and root growth (Fig. 4).

Fig. 4. Growth of patchouli plantlets in the 6th week after sub-culture. (A) control treatment, (B) NAA 0.2 mg/L, (C) NAA 0.4 mg/L,
(D) NAA 0.6 mg/L, (E) NAA 0.8 mg/L.

Based on observations (Fig. 4), all NAA-treated cultures in MS medium produced patchouli roots after subculture.

The low NAA concentration treatment shows the best patchouli root induction, but the higher NAA concentration
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treatment shows less optimal results. Treatment involving NAA 0.2 mg/L exhibits the best root growth, although
inhibited. Likewise, treatment with NAA at 0.8 mg/L shows lower root growth, but it maintains the highest
shoot growth. The control treatment without NAA addition shows the worst shoot and root growth. Based on
Table 2, the addition of 0.2 mg/L NAA to MS medium has a significant effect on plant fresh weight, plant
length, and root length. Simply put, auxin plays a crucial role in inducing optimal root growth.

Treatment using NAA 0.2 mg/L produces the largest fresh weight of plantlets (1.49 g), the longest plants
(18.27 cm), and the longest roots (8.67 cm), but plant height is only 9.60 cm. However, an NAA concentration
of 0.2 mg/L yields a plant height of only 9.6 cm. Treatment of NAA 0.8 mg/L produced plant length 12.67
cm, plant height of 10.53 cm, root length of 2.13 cm, and fresh weight of plantlets at 0.81 g. The control treatment
without NAA hormones results in the lowest plant fresh weight (0.32 g), the shortest plants (7.77 cm), the
lowest shoot length (6.13 cm), and the shortest root length (1.63 cm).

Table 2. The result of the growth of root induction in Aceh patchouli.

NAA (mg/L) The average of the data
Treatment Plant length (cm) Plant height (cm) Root length (cm) Fresh weight of plant (g)
NO (control) 07.77 * 0.71° 6.13 + 0.57° 1.63 + 0.14° 0.32 + 0.25°
N1 (naa 0.2 mg/l) 18.27 + 5.09° 9.60 + 4.88%° 8.67 =+ 0.21* 149 =+ 0.61°
N2 (naa 0.4 mg/l) 15.63 + 1.56® 10.87 + 1.34° 477 * 021° 1.35 + 0.24%
N3 (naa 0.6 mg/l) 15.40 + 0.35® 12.83 + 0.35% 2.57 =+ 0.00° 1.31 + 046
N4 (naa 0.8 mg/l) 1267 + 1.77° 10.53 + 1.56* 213 + 0214 0.81 + 0.36™

Acclimatization

The acclimatization using the covering method helped plantlets adapt to the ex-vitro environment, and the
results demonstrate that various covering durations have a significant effect on the growth of patchouli. Patchouli
seedlings acclimatized to a longer covering duration show optimal growth. Treatment without covering (T0)
is characterized by stressed seedlings and stunted growth. Based on observations (Table 3), the control treatment
(TO) maintains a 60% survival rate. Some seedlings wilted, and after 4 days of acclimatization, they died. However,
some seedlings survived despite showing signs of stress and disrupted growth, such as dry, falling leaves. This
is because uncovered treatments tend to heighten transpiration, so the need for water required for ideal seedlings

is unmet. The treatments with covering for 6 days, 9 days, and 12 days resulted in a survival percentage of 100%.

Table 3. The growth of patchouli seedlings during acclimatization.

The average of the data

Duration of

covering treatment Plant length Plant height Root length Fresh weight of Leaf width percentage of
(cm) (cm) (cm) plant (g) (cm) survival (%)

TO (control) 9.0 + 0.72° 71 + 0.96° 1.9 + 0.31¢ 0.25 + 0.05° 1.6 + 0.25° 60 = 54.77
T1 (3 days) 13.4 + 0.48° 10.0 = 0.80° 3.4 + 0.59° 0.40 + 0.04° 22 + 0.30° 80 = 44.72
T2 (6 days) 15.8 + 1.88° 10.8 + 1.52° 5.0 + 1.08° 1.12 + 0.23° 2.9 + 0.29* 100 + 0.00
T3 (9 days) 23.6 + 1.54° 16.0 + 1.65° 7.6 + 0.54° 1.74 + 0.09* 2.9 + 0.19° 100 = 0.00
T4 (12 days) 25.8 + 3.85° 19.5 + 1.17° 7.9 + 0.59° 1.85 + 0.07* 3.0 + 0.34° 100 = 0.00
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The prolonged covering during the patchouli acclimatization significantly affects the growth of patchouli seedlings.
Based on observations (Table 3), 12-day covering (T4) shows the best growth as indicated by the longest plant
(25.8 cm), the tallest plant (9.5 cm), the longest root (7.9 cm), the fresh plant weight of 1.85 g, leaf width
of 3 cm, and 100% survival percentage. Meanwhile, the control treatment (T0) leads to stressed seedlings and
stunted root growth. By implication, seedlings acclimatized to optimal environmental conditions can reduce
stress damage. In this study, patchouli acclimatized for 12 days achieved 100% survival and optimal growth.
The results further exhibit that the acclimatized seedlings transferred to the greenhouse demonstrate satisfactory
adaptation to the field environment (Fig. 5b).

After two weeks of covering, patchouli seedlings were planted in polybags and transferred to the greenhouse.
The prepared seedlings show exemplary growth, as indicated by increased leaf number and plant height. The
patchouli seedlings began to produce branches in the 6" week (Fig. 5c). Patchouli seedling branches and the
number of leaves increased significantly at week 14 (Fig. 5d). Robust seedling growth indicates a strong capacity
for adaptation to field conditions. The success of seed acclimatization can be leveraged by anti-transpiration
treatment. Further research needs to examine the quality and yield of essential oils produced from in vitro-propagated

patchouli.

Fig. 5 Acclimatization using the covering method. (A) initial acclimatization in covering conditions, (B) growth of patchouli after
transplanting into polybags, (C) growth of patchouli seedlings 6 weeks after transplanting to the greenhouse, (D) growth of patchouli
seedlings 14 weeks after transplanting to the greenhouse.

Discussion

This study has demonstrated that successful shoot multiplication of patchouli is achieved through the use
of a BAP hormone concentration of 0.25 mg/L, which significantly improves explant growth. The higher the
concentration of the BAP hormone, the lower the shoot height. This result coheres with Swamy et al. (2010),

who found that 0.5 mg/L BA produced more shoots than 1 mg/L or 2 mg/L BA. The administration of 0.5
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mg/L BA results in the emergence of 45.66 shoots (Swamy et al. 2010). This is also in line with Lalthafamkimi
et al. (2021), who found that patchouli leaf explants produced the highest number of shoots at a BAP hormone
concentration of 1.0 mg/L, with 29.2 shoots per explant compared to BAP concentrations of 1.5 mg/L and 2.0
mg/L, which produced 21.9 shoots/explant and 19.3 shoots/explant, respectively. This shows that patchouli growth
in vitro is controlled by the balance and interactions between endogenous and exogenous hormones in the
culture medium (Anis et al. 2016). Yusniwati et al. (2021) further that BAP can interact with endogenous hormones
in leaf explants to promote shoot formation. This has also been exemplified and confirmed by Restanto et al.
(2023), reporting that the addition of 0.5 mg/L BAP to MS medium results in the best multiplication as marked
by early shoot emergence at 12.42 days after inoculation of explants, a higher number of shoots (10.08 per
explant), and increased leaf production (34.33 leaves). Another critical result is that cytokinins are among the
major hormones that regulate numerous aspects of plant growth and development (Ahammed et al. 2016). In
this study, the addition of a low BAP concentration of 0.25 mg/L produces the highest number of shoots, as
evinced by histological observations. BAP 0.25 mg/L treatment increases cell division, resulting in many embryos
with the potential to form multiple shoots.

These results corroborate the success of patchouli propagation via tissue culture, as demonstrated by histological
analysis of the resulting embryos. The results resonate with previous research reporting multiplication of patchouli
var. Sidikalang through a robust treatment involving MS medium supplemented with BAP 0.2 mg/L and kinetin
0.2 mg/L (Hardjo et al. 2019). The combination of BAP 1 mg/L and NAA 2 mg/L stimulates rapid shoot growth
and the highest number of shoots and leaves (Maulia et al. 2021). Their study is aligned with Deepa et al.
(2022), who report that the combination of BAP and NAA in MS medium produced better patchouli multiplication
than the combination of TDZ and NAA. Likewise, Sharma et al. (2015) report that the combination of IBA
0.1 mg/L with kinetin 2.5 mg/L on MS medium shows the best results in shoot multiplication, with an early
emergence of shoots within 4 weeks, 72.33 shoots, shoot length of 15.64 cm, 5.7 leaves, and 3.3 roots (Sharma
et al. 2015).

Successful root induction of patchouli was achieved through the addition of auxin hormone NAA. Auxin
is proven to be a major phytohormone that initiates root formation (Ahammed et al. 2016). In this study, a
low NAA concentration (0.2 mg/L) promotes optimal root growth but inhibits shoot growth. The addition of
low concentrations of NAA leads to a better root growth. In previous research, the root can be induced in
a prepared medium with auxin such as NAA. The addition of 0.75 mg/L NAA produces the highest number
of roots (7.8 roots; Suci et al. 2022). By contrast, the addition of auxin hormones, such as IAA, IBA, and NAA,
during root induction produces different effects. According to Florenika et al. (2022), the addition of 0.5 mg/L
NAA to MS medium results in 90% patchouli root growth, while IBA at 0.5 mg/L of MS medium stimulates
60% patchouli root growth. According to Lalthafamkimi et al. (2021), IBA triggers better root induction than
NAA or IAA. Deepa et al. (2022) report that half-strength MS medium supplemented with 2.46 uM IBA enables
the best root induction, indicated by a root induction frequency of 79.10% and 16.24 roots, each of which measures
6.07 cm long.

The other vital result shows that successful plant adaptation through in vitro propagation is influenced by

the appropriate acclimatization, which is pivotal for initial plantlet growth. Acclimatization is the process by
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which plants gradually adapt to environmental conditions (Sinta et al. 2019). For instance, Godbole et al. have
reported that the success rate of acclimatizing Pogostemon paniculatus using only the covering method reaches
only 55% after 2 weeks in the greenhouse (Godbole et al. 2022). This is because plantlets produced by in vitro
micropagation exhibit reduced epicuticular wax and impaired stomatal function (Goncalves et al. 2017). This
study resonates with previous research documenting the essentiality of gradual acclimatization stages at lower
humidity, higher light intensity, and temperature conditions (Anis et al. 2016). This is because in vitro conditions
differ from ex vivo conditions, particularly in terms of humidity. Based on initial in vitro observations, patchouli
plantlets exhibit stomata that tend to open, potentially leading to dehydration during acclimatization.

Plants acclimatized in vitro will experience increased leaf transpiration and significant water loss, which can
cause wilting and plant death. Acclimatized plantlets will experience abiotic stress due to differences in environmental
conditions, leading to higher transpiration rates (Khandel et al. 2022). Higher transpiration rate can occur due
to open plantlet stomata. According to Perez-Jimenez et al. (2015), when stomata do not function normally,
thin cuticles on in-vitro plant leaves can grow and gradually cause dryness through water loss. This is more
likely to occur when in-vitro plants are moved to ex-vitro conditions. Thus, during acclimatization, maintaining
optimal humidity is critical to reduce transpiration rate. High transpiration in seedlings can cause water stress
and imbalance between light energy absorption and photosynthesis, while at the same time decreasing cell metabo-
lism, protein oxidation, and nucleic acid levels (Irsyadi 2021). Covering seedlings during acclimatization can
increase humidity and promote morphological adaptations, such as new leaf growth, extended plant length,
and increased plant fresh weight. In this study, patchouli acclimatization assisted by covering for 12 days is
proven effective to maintain optimal seedling growth.

This research offers a solution to the problem of in vitro patchouli propagation. The results have revealed
that variations in covering durations will lead to significantly different plantlet performance. The 12-day treatment
allows the seedlings time to adapt effectively, but the 3-day treatment period results in poor growth. Likewise,
the control treatment shows seedlings under stress. Decent growth following effective adaptation is marked by
seedlings that can survive dehydration or water shortage during the outset of acclimatization. The longer the
acclimatization period is, the higher the survival rate will be (Oktavia et al. 2020). According to Sinta et al.
(2019), covering during acclimatization aims to maintain high relative humidity and reduce transpiration rate.
Khandel et al. (2022) further document that covering duration and light intensity are the main factors for success

during the acclimatization stage of lily plantlets.

Acknowledgments

This research was supported by the Department of Agronomy, Faculty of Agriculture, University of Jember,

Indonesia.

The Korean Society of Breeding Science



The Effect of Benzyl Aminopurine (BAP) Concentration on Patchouli (Pogostemon cablin Benth.) Multiplication and the Role of Covering in Successful Acclimatization 137

References

Ahammed GJ, Yu J. 2016. Plant hormones under challenging environmental factors. Springer Nature. pp. 1-21.

Anis M, Ahmad N. 2016. Plant tissue culture: Propagation, conservation, and crop improvement. Springer Singapore.
pp. 3-13.

Deepa AV, Thomas TD. 2022. High-frequency direct shoot induction from leaf explants of Pogostemon quadrifolius (Benth.)
F. Muell.: An ethnomedicinal herb. In Vitro Cell. Dev. Biol. Plant. 58(2): 321-329.

Florenika N, Wijaya AN, Restanto DP, Hardjo PH. 2022. Regeneration of pogostemon cablin benth. ‘Sidikalang’ through
indirect organogenesis and shoot multiplication for production of true-to-type plant. Agriprima: Journal of Applied
Agricultural Sciences. 6(1): 1-11.

Godbole M, Vanya KN, Lenifer HD, Amrutha Y, Shruthi K, Sujay KS. 2022. Micropropagation of pogostemon paniculatus.
Asian J. Pharm. Res. Dev. 10(4): 16-21.

Goncalves S, Martins N, 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 Cell. Dev. Biol. Plant. 53(3): 249-255.

Hardjo PH, Susanto DPS, Savitri WD, Purwanto MGM. 2019. Shoot multiplication of Pogostemon cablin var. Sidikalang
and patchouli oil profile. Nusant Biosci. 11(2): 123-127.

Irsyadi MB. 2021. Factors that affect the optimal plantlet growth from tissue culture on the acclimatization stage. In
Proc. Internat. Conf. Sci. Engin. 4(February): 100-104.

Junren C, Xiaofang X, Mengting L, Qiuyun X, Gangmin L, Huigiong Z, et al. 2021. Pharmacological activities and mechanisms
of action of Pogostemon cablin Benth: A review. Chin. Med. 16: 1-20.

Karabiyik S, Sen EY. 2023. Using histological techniques for plant tissue culture studies. MolBiotech. 151-157.

Khandel AK, Gantait S, Verma SK. 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): 228-236.

Lalthafamkimi L, Bhattacharyya P, Bhau BS, Wann SB, Banik D. 2021. Direct organogenesis mediated improvised mass
propagation of Pogostemon cablin: A natural reserve of pharmaceutical biomolecules. S. Afr. J. Bot. 140: 375-384.

Maulia E, Zuyasna, Basyah B. 2021. Growth of patchouli shoots (Pogostemon Cablin Benth) with several concentrations
of growth regulator substances. IOSR. J. Agric. Vet. Sci. 14(1): 38-46.

Mayerni R, Armansyah W, Chan SROS. 2020. The Direct Organogenesis in Local Clones of Patchouli Plant (Pogostemon
cablin Benth) In Vitro. JERAMI Indonesian Journal of Crop Science. 3(1): 16-19.

Mayura E, Gustian G, Mayerni R. 2020. Shoot induction using Benzyl Adenine in three accessions of patchouli plant
(Pogostemon cablin Benth) from West Pasaman. Int. J. Environ. Agric. Biotechnol. 5(4): 936-942.

Murashige F, Skoog T. 1962. A revised medium for rapid growth and bioassay with tobacco tissue culture. Physiol.
Plant. 15: 473-497.

Normasari R, Arumingtyas EL, Retnowati R, Widoretno W. 2023. In vitro mutagenesis on patchouli (Pogostemon cablin
Benth.) with gamma-ray irradiation on leaf explants. Biodiversitas. 24(12): 6407-6414.

Oktavia F, Stevanus CT, Dessailly F. 2020. Optimization of temperature and humidity conditions as well as the effect
of media composition on the success of rubber plants originated from somatic embryogenesis acclimatization. J.
Penelit. Karet. 38(1): 1-1. https://doi.org/10.22302/ppk.jpk.v38i1.677

Oseni OM, Pande V, Nailwal TK. 2018. A review on plant tissue culture, a technique for propagation and conservation
of endangered plant species. Int. J. Curr. Microbiol. Appl. Sci. 7(7): 3778-3786.

Perez-Jimenez M, Lopez-Perez AJ, Otalora-Alcon G, Marin-Nicolas D, Pinero MC, Amor FMD. 2015. A regime of high
CO; concentration improves the acclimatization process and increases plant quality and survival. Plant Cell Tissue
Organ. Cult. 121(3): 547-557.

Puspita DE, Efendi E, Zakaria S, Sriwati R. 2023. Indirect organogenesis of aceh patchouli leaf explants (Pogostemon
cablin Benth) by in vitro. IOP Conf. Ser. Earth Environ. Sci. 1183(1): 012052.

Rahayu S, Heriani S. 2021. Detection of essential oils of patchouli leaves (Pogostemon cablin Benth) with combination
of 2, 4- dichlorofenoxyacetate and coconut water in vitro. Int J Ecophysiol. 3(1): 96-117.

Rahmawati M, Safira CN, Hayati M. 2021. In vitro propagation of aceh patchouli (Pogostemon cablin Benth.) by combining

Plant Breeding and Biotechnology (PBB)



138 PBB 2026, Vol. 14, https://doi.org/10.9787/PBB.2026.14.126 https://www.plantbreedbio.org

IAA and Kinetin. J. Agrium. 18(1): 25-33.

Restanto DP, Hanifah FL, Prayoga MC, Avivi S, Soeparjono S, Dewanti P. 2023. The effect of BAP (Benzyl Amino Purine)
and NAA (Naphthalene Acetic Acid) on the multiplication of patchouli (Pogostemon cablin Benth) of Aceh. Pros.
Sem. Nas. PERHORTI. 1(2): 162-170.

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

Sharma P, Sarma J. 2015. Pogostemon cablin (Blanco) Benth (Lamiaceae) It’s Ethnobotany & in vitro regeneration. PHCOG
J. 7(3): 152-156.

Sinta MM, Amanah DM. 2019. Acclimatization and early growth of tissue culture-derived Stevia rebaudiana at low altitude
area in Bogor, Indonesia. MP. 87(1): 68-76.

Suci RN, Kesumawati E, Rahmawati M. 2022. Benzyl amino purine and naphtalene acetic acid under in vitro condition.
J. Agrista. 26(1): 34-39.

Swamy MK, Balasubramanya S, Anuradha M. 2010. In vitro multiplication of pogostemon cablin benth through direct
regeneration. Afr. J. Biotechnol. 9(14): 2069-2075.

Swamy MK, Mohanty SK, Anuradha M. 2014. The effect of plant growth regulators and natural supplements on in
vitro propagation of Pogostemon cablin Benth. J. Crop Sci. Biotechnol. 17(2): 71-78.

Swamy MK, Sinniah UR. 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): 8521-8547.

Swamy MK, Sinniah UR. 2016. Patchouli (Pogostemon cablin Benth.): Botany, agrotechnology and biotechnological aspects.
Ind. Crops Prod. 87: 161-176.

Tiwari A, Kumar D, Venkatesha KT, Suryavanshi P, Chaucan A, Singh S, et al. 2020. Performance of stem cuttings
in different propagating media in patchouli (Pogostemon patchouli Benth.). Plant Arch. 20(2): 4830-4884.

Wahyudi A, Ermiati A, Sujianto S, Maslahah N. 2022. Developing sustainable production of patchouli oil in Kolaka,
South East Sulawesi, Indonesia: A problem-solving approach. IOP Conf Ser Earth Environ Sci. 974(1): 012109.

Yusniwati Y, Setiawan RB, Syarif Z, Yusmarni Y, Fitriawati F. 2021. Direct organogenesis of patchouli [Pogostemon
cablin Benth]. IOP Conf Ser Earth Environ Sci. 741(1): 012048.

The Korean Society of Breeding Science



—oeN S

Plant Breeding
and Bintechnology

el 10§ A

£\
-‘h\_
\u‘;.

{ y e
Fs
. "
e NN

-l
o




Plant Breeding and Biotechnology https://plantbreedbio.org/about/editorial.php

3S Pilih Bahasa v E-Submission

-

pISSN: 2287-9358 | elSSN: 2287-9366

Keyword, Title, Abstract, or Author Search Advanced Search

ABOUT BROWSE ARTICLES EDITORIAL POLICIES FOR CONTRIBUTORS

HOME > ABOUT > Editorial board

ABOUT Editorial board

Aims and scope

Editor-in-Chief

About the journal

Editorial board Konkuk University, Republic of Korea
Joohyun Lee .
e-mail : edmund@konkuk.ac.kr
Open access

Crossmark . .
Managing Editor

Contact us

Wonkwang University, Republic of Korea
Soon-Ju Park
e-mail : sjpark75@wku.ac.kr

Editor
Kyu-Suk Kang Seoul National University, Republic of Korea
Beum-Chang Kang Jeonbuk National University, Republic of Korea
Byoung-Cheorl Kang Seoul National University, Republic of Korea
Jin-Ho Kang Graduate School of International Agricultural Technology at Seoul

National University, Republic of Korea

Chon-Sik Kang National Instutute of Crop Sciences, Republic of Korea
Choon-Tak Kwon Kyung Hee University, Republic of Korea
Sung-Gil Kim Chunnam National University, Republic of Korea
In-Jung Kim Jeju National University, Republic of Korea
Jae-Yean Kim Gyeongsang National University, Republic of Korea
Jong-Bo Kim Konkuk University, Republic of Korea
Chul-Min Kim Wonkwang university, Republic of Korea
Tae-Sung Kim Korea National Open University, Republic of Korea
Hoy-Taek Kim Sunchon National University, Republic of Korea

1of3 08/07/2026, 14:33



Plant Breeding and Biotechnology

2 of 3

Si-Hwan Ryu

Ho-Jin Ryu

Hyeong-Cheol Park

Kyu-Jin Sa

Jae-Han Son

Jong-Tae Song

Young-Sup Shin

Kyuchan Shim

Dong-Hwan Shin

Tae-Young Um

Seon-In Yeom

Youngjae Oh

Ju-Kyung Yu

Hae-Keun Yun

Myoung-Hee Lee

Moon-Sub Lee

Sang-Choon Lee

Sung-Woo Lee

Yi Lee

Jeong-Dong Lee

Jeong-Hwan Lee

Je-Min Lee

Jun-Dae Lee

Hyun-Sook Lee

Tae-Hwan Jun

Ki-Hong Jung

Je-Hyeong Jung

Jong-Wook Chung

Yeong Deuk Jo

Joong-Hyoun Chin

Hong-Kyu Choi

Hong-Il Choi

https://plantbreedbio.org/about/editorial.php

Maize Research Institute, GARES, Republic of Korea

Chungbuk National University, Republic of Korea

National Institute of Ecology, Republic of Korea

Kyungpook National University, Republic of Korea

National Instutute of Crop Sciences, Republic of Korea

Kyungpook National University, Republic of Korea

Noroo Holdings Co., Ltd, Republic of Korea

Chungnam National University, Republic of Korea

Chungnam National University, Republic of Korea

Gangneung-Wonju National University, Republic of Korea

Gyeongsang National University, Republic of Korea

Chungbuk National University, Republic of Korea

Chungbuk National University, Republic of Korea

Yeungnam University, Republic of Korea

National Instutute of Crop Sciences, Republic of Korea

Chungbuk National University, Republic of Korea

Kyung Nong Corp., Republic of Korea

Chungnam National University, Republic of Korea

Chungbuk National University, Republic of Korea

Kyungpook National University, Republic of Korea

Jeonbuk National University, Republic of Korea

Kyungpook National University, Republic of Korea

Jeonbuk National University, Republic of Korea

National Instutute of Crop Sciences, Republic of Korea

Busan University, Republic of Korea

Kyung Hee University, Republic of Korea

Korea University, Republic of Korea

Chungbuk National University, Republic of Korea

Chungnam National University, Republic of Korea

Sejong University, Republic of Korea

Dong-A University, Republic of Korea

Korea Atomic Energy Research Institute, Republic of Korea

08/07/2026, 14:33



Plant Breeding and Biotechnology

30f3

Jung-Min Ha

Do-Yoon Hyun

Min-Jeong Hong

https://plantbreedbio.org/about/editorial.php

Seoul National University, Republic of Korea

Korea National University of Agriculture and Fisheries, Republic of

Korea

Korea Atomic Energy Research Institute, Republic of Korea

Manuscript Editing

IEUM BOOKS Co.Ltd., Republic of Korea

ABOUT BROWSE ARTICLES

Aims and scope All issues

About the journal Current issue

Editorial board Most viewed

Open access Most downloaded

Crossmark Most cited

Contact us Plant Breed. Biotech. search
Metrics

© The Korean Society of Breeding Science.

EDITORIAL POLICIES

Ethical guidelines and regulations
Editorial policy

Peer review policy

FOR CONTRIBUTORS

Instructions to authors

How to submit a manuscript
Author’s checklist

Guide for reviewers
E-submission

Copyright transfer agreement

Mari

08/07/2026, 14:33



Plant Breeding and Biotechnology

ABOUT

https://plantbreedbio.org/articles/current.php?vol=14&no=

BROWSE ARTICLES EDITORIAL POLICIES FOR CONTRIBUTORS

OPENg _“ ACCESS

PISSN: 2287-9358 | elSSN: 2287-9366

Keyword, Title, Abstract, or Author ( Search Advanced Search

HOME > BROWSE ARTICLES > Current issue

12 results for

Current issue

Reset all filters

Article category

[ | Research Article (12)

Keywords

~ Acclimatization (1)
~ Adlay (1)

| Alliin (1)
 Allium (1)
 Black-Seeded (1)

More +

Authors

| Ibrokhim Y. Abdurakhmonov (1)
| Damianus Adar (1)

_ Christian Mark Baga Aganus (1)
| Shandra Amarillis (1)

| 1 Gusti Bagus Adwita Arsa (1)

More +

1of7

Current issue
©

Volume 14; 2026

Research Articles

Insights into Glyphosate Resistance Mechanisms in Eleusine indica: EPSPS
Copy Number and Expression Dynamics

Solji Lee, Changsoo Kim

Plant Breed. Biotech. 2026;14:165-180. Published online June 26, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.165

Abstract PDF

76

View

7

Download

08/07/2026. 14:31



Plant Breeding and Biotechnology https://plantbreedbio.org/articles/current.php?vol=14&no=

ABOUT BROWSE ARTICLES EDITORIAL POLICIES FOR CONTRIBUTORS
@ VER g” mgn T -
Climate Change nlunllP‘att»geﬂs Limited Land High Demand Productlon 2
<L S Download
cn|spR-BA;En PRECISION ,%?ﬁg,, Minuk Kim, Shandra Amarillis, Md. Mahfuzur Rahman Sabbir, Tran Minh
BREEDING SOLUTIONS  —

: e, Z ey Duc, Akram Javeed, A-ra Joh, Soon Ju Park

V P

DESIRED TRAITS

Plant Breed. Biotech. 2026;14:152-164.

@ @ Published online June 10, 2026
Optmaltomato  etterdisease  Inproved esllence  Raid mtaboie Cnm:gﬁ:ienvlmnmm DOI: https://doi.org/10.9787/PBB.2026.14.152

plants resistance perature)  biofortification agriculture adaptation

\/

SUSTAINABLE AGRICULTURE
& FOOD SECURITY
Conventiona vs. Pecision

Abstract PDF

Genetic Identification of Yellow Rust Disease 73

Resistance in Bread Wheat (Triticum View
aestivum L.) Samples Using DNA Markers 4
Download

D.Sh. Shokirova, A.N. Kholikov, Kh.S. To, rakulov, S.K. Meliev, Sh.A. Samanoyv,
A.A. Dulanazarov, M.V. Turdaliev, N.Y. Azizov, A.A. Dolimov

Plant Breed. Biotech. 2026;14:139-151.
Published online May 12, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.139

Abstract PDF

The Effect of Benzyl Aminopurine (BAP) 53
Concentration on Patchouli (Pogostemon View
cablin Benth.) Multiplication and the Role of 3
Covering in Successful Acclimatization ponnioad

Didik Pudji Restanto, Mohammad Candra Prayoga, Farizha Amalia
Radiansyah, Sigit Soeparjono, Ummi Sholikhah, Popy Hartatie Hardjo

Plant Breed. Biotech. 2026;14:126-138.
Published online May 11, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.126

2 of 7 08/07/2026. 14:31



Plant Breeding and Biotechnology

30of 7

ABOUT

BROWSE ARTICLES

Abstract

Flowering (DF), Days to Harvest (DH), Fruit Set (FS), Pod Weight (PWG), Pod Weight per Plant (PWP),

PDF

https://plantbreedbio.org/articles/current.php?vol=14&no=

EDITORIAL POLICIES FOR CONTRIBUTORS

Days to Flow
Pod Length (PL), Pod Widih (PWD), Number of Seeds per Pod (NS), Yield Potential (YP)

Abstract

PDF

Blomass recovercdonday 6

Identification, Biochemical and Elemental
Profiling of Two Green Microalgae Isolated
from Moroccan Impoundment (Chlorella

= vulgaris and Scenedesmus incrassatulus):
- VW5

Insights Into Nitrogen and Phosphorus Stress
Responses and

Reda Fassi Fihri, Sofie Van Nerom, Latifa Mbarkiou, Mohammad Sibtain
Kadri, Boubker Oujaa, Saad Rachiqg, Rachid Lahlali, Lahsen El Ghadraoui, EI-
Ouazna Bouchamma

Plant Breed. Biotech. 2026;14:101-125.
Published online May 4, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.101

Heritability, Correlation, and Path Analysis
for Selecting Superior Purple Winged Bean
Genotypes (Psophocarpus tetragonolobus L.)

Izmi Yulianah, Arif Muhammad Fauzy, Aji Bimantoro, Beatrix Avista Tyas
Pramuadi, Amrul Mubarok, Kuswanto

Plant Breed. Biotech. 2026;14:88-100.
Published online April 22, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.88

74

View

0

Download

58

View

3

Download

08/07/2026. 14:31



Plant Breeding and Biotechnology https://plantbreedbio.org/articles/current.php?vol=14&no=

ABOUT BROWSE ARTICLES EDITORIAL POLICIES FOR CONTRIBUTORS

-_ tapol) Usmg PLOP FISH and Molecular 2

Phylogenetics Based on ITS 1 and 4 Loci povnload

Walter Clint E. Bayani, Reggie Y. Dela Cruz, Eliazar Alumbro Peniton, Joliesa
Mae S. Toledo, Glenda Z. Doblas

Plant Breed. Biotech. 2026;14:76-87.
Published online April 13, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.76

Abstract PDF

Transcription Factors Involved in Cotton 87
Plant Fiber Elongation and Development View
Akmal M. Asrorov, Behzod Mamajonov, Mirzakamol S. Ayubov, Nurdinjon S. 2
J Obidov, Abdurakhmon N. Yusupov, Ziyodullokhon H. Bashirxonov, Anvarjon ~ D°wnload
ik Ui 2o o Soom A. Murodoyv, llyos Hudoynazarov, Shukhratjon Olimjonov, Zabardast T.
Buriev, Ibrokhim Y. Abdurakhmonov
N ...\ creed Biotech. 2026;14:60-75.
Days post-anthesis (OPA) Published online March 17, 2026
DOI: https://doi.org/10.9787/PBB.2026.14.60
Abstract PDF
. ——_—=. Selecting Drought Tolerant Black-Seeded 74
’—{_%‘ Mungbean [Vigna radiata (L.) Wilczek] Lines V"
‘ . Employing Drought Tolerance Indices 4
1 | — Download

T Yosep Seran Mau, | Gusti Bagus Adwita Arsa, Agnes Virginia Simamora,
\—‘_|_—LEE; Lince Mukkun, Damianus Adar, Widasari Bunga, Yasinta Letek Kleden, |
»  Wayan Nampa, Aristarkhus Taloim, Aprianto Nana, Garvasilus Verino Asa,

Gregorius Umbu Neka Jara Woli, Novita Erlina De'es

Plant Breed. Biotech. 2026;14:42-59.
Published online March 6, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.42

4 of 7 08/07/2026. 14:31



Plant Breeding and Biotechnology

50f7

https://plantbreedbio.org/articles/current.php?vol=14&no=

ABOUT BROWSE ARTICLES EDITORIAL POLICIES FOR CONTRIBUTORS

Alliin and Total Phenolic Content of Garlic
(Allium sativum L.) Accessions Collected from
Ilocos Norte, Philippines

= Marvin Jericho Espinosa Cava, Mae Rose Miguel Maoirat-Abad, Noralyn
Bacnat Legaspi, Clarita Ortal Palacio, Christian Mark Baga Aganus

Plant Breed. Biotech. 2026;14:32-41.
Published online March 6, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.32

Abstract PDF

Identification and Haplotype Validation of
| Major QTLs for Amylopectin Fine Structure in
" - ==mm Korean Rice Accessions

Seong-Gyu Jang, Junghyun Gong, Jinkyung Jeong, Yu-Ri Chae, Soon-Wook
Kwon

Plant Breed. Biotech. 2026;14:19-31.
Published online February 24, 2026

DOI: https://doi.org/10.9787/PBB.2026.14.19

Abstract PDF Supplementary Material

62

View

1

Download

68

View

3

Download

08/07/2026. 14:31



Plant Breeding and Biotechnology

6 of 7

ABOUT

Aims and scope
About the journal
Editorial board
Open access

Crossmark

ABOUT

BROWSE ARTICLES

Abstract PDF
First Prev
BROWSE ARTICLES

All issues

Current issue
Most viewed
Most downloaded

Most cited

EDITORIAL POLICIES FOR CONTRIBUTORS

Park

Plant Breed. Biotech. 2026;14:1-18.
Published online February 5, 2026

Supplementary Material

Page 1 of 1

EDITORIAL POLICIES

Ethical guidelines and regulations
Editorial policy

Peer review policy

https://plantbreedbio.org/articles/current.php?vol=14&no=

Growth and Somatic Embryogenesis and
Recovery of the Plant Regeneration Ability

Seong Beom Jin, Dong Hoon Lee, Suk Man Park, Young Eel Moon, Jee-Soo

DOI: https://doi.org/10.9787/PBB.2026.14.1

Next

FOR CONTRIBUTORS

Instructions to authors

How to submit a manuscript
Author’s checklist

Guide for reviewers

E-submission

5

Download

Last

08/07/2026. 14:31



Plant Breeding and Biotechnology https://plantbreedbio.org/articles/current.php?vol=14&no=

ABOUT BROWSE ARTICLES EDITORIAL POLICIES FOR CONTRIBUTORS

© The Korean Society of Breeding Science. ME Pi

7 of 7 08/07/2026. 14:31



Plant Breeding and Biotechnology

Journal Rankings

https://www.scimagojr.com/journalsearch.php?q=21100867253 &tip=...

' SCImago

Discover more

SClImago Journal Rank

Libraries

Y Journal & Country Rank

Journal Value

Country Rankings Viz Tools About Us

Professional Information Publishing

Plant Breeding and
Biotechnology

South Korea | Universities and research institutions | Media Ranking

Close

1 of6

Country

South Korea

SCIMAGO
I I | I INSTITUTIONS
RANKINGS

SClmago
Media Rankings

SJR 2025

0.375

Publication type
Journals

Subject Area and Category

Agricultural and

Biological Sciences
Plant Science

Biochemistry, Genetics
and Molecular Biology
Biotechnology

H-Index

Q2 17

ISSN
22879358, 22879366

Publisher
Korean Society of
Breeding Science

Coverage

2015, 2018-2025

Ads by clickio

08/07/2026, 14:38



Plant Breeding and Biotechnology https://www.scimagojr.com/journalsearch.php?q=21100867253 &tip=..

tjyang@snu.ac.kr

Scope

Plant Breeding and Biotechnology (Plant Breed. Biotech., PBB) publishes original
and peer-reviewed research and review articles in all areas of basic and practical
researches in the field of plant breeding and biotechnology including breeding
methodologies, genetics, and genomics of economically important crop species.
Its aim is to provide readers cutting-edge information on the use of genetic,
genomic, and molecular techniques. Since the journal embraces all aspects of
plant improvement, readers from both academia and industry will benefit from
the contents we offer.

Quartiles
N B

B -

Plant Science

2019 2020 2021 2022 2023 2024

MBF Bioscience
Quantitative Image Analysis

We design quantitative imaging software and hardware to empower your research.

mbfbioscience.com ( OPEN >

Ads by clickio

Close

2 0f 6 08/07/2026, 14:38



Plant Breeding and Biotechnology https://www.scimagojr.com/journalsearch.php?q=21100867253 &tip=...

SJR

0.42

0.36

0.3

0.24

L

0.8

2019 2020 2021 2022 2023 2024 2025

Total Documents AN
60
40
20
(]
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
External Cites per Doc Cites per Doc W
21

14

0.7

1

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

% International Collaboration \Q

30

20

7

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Close

30f6

Ads by clickio

08/07/2026, 14:38



Plant Breeding and Biotechnology https://www.scimagojr.com/journalsearch.php?q=21100867253 &tip=...

been cited at least once vs. those not cited during the following year.

us® data as of March 2026

Documents Year Value

Uncited documents 2015 O

Uncited documents 2018 1

Uncited documents 2019 27

Uncited documents 2020 38

Uncited documents 2021 45

% Female Authors A
120
90
60
30

0

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Estimated APC R

2.7k
S

1.8k
900

0

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
?,

mimatedﬁnancia[ latue \9\ SClmago’s products
600k SClmago Journal Country & Rank

SCIimago Institutions Ranking

400k SCIimago Media Ranking
SCimago Iber
200k SCimago Arab

SClmago Graphica

0 Ediciones Profesionales de la Informacion

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

All the information shown in the SCImago Journal Country & Rank website can be used for non-commercial purposes as long as it
Total Cites  Self-Cites A

180 Ads by clickio

Yatal fram httne: //iinnana erimanair cam

Close

4 of 6 08/07/2026, 14:38



Plant Breeding and Biotechnology https://www.scimagojr.com/journalsearch.php?q=21100867253 &tip=..

Cites Year Value
Self Cites 2015 O
Self Cites 2018 O Legal Notice  Privacy Policy

Self Cites 2019 2

Citations per document A=

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Cites / Doc. (4 years)
@ Cites / Doc. (3 years)
@ Cites / Doc. (2 years)

Citable documents Non-citable documents A

150

100
50
(0]
2071757 ?O1§ 2017 2018 727('?179 2('{20 2021 2022 2023 2024 2025
Documents cited by public policy (Overton) \5\\ 52|
O

Ads by clickio

Close

50f6 08/07/2026, 14:38



Plant Breeding and Biotechnology

6 of 6

Close

Documents related to SDGs (UN)

Coming soon

I;Iant Breeding and « Show this W|dget in your
iotechnolo
o own website
Plant Science
waartieJust copy the code below
and paste within your html
code:

S|R 2025
0.38 4

powered by scimagojr.com

‘ <a href="https://www.scimac

G SCimago Graphica

o
. .‘
0"
Explore, visually p f‘;
communicate and p
’ ’
make sense of data e ‘
. 19
with our new data .o
visualization tool. o 82
l" H "l'
@ 4","‘,

https://www.scimagojr.com/journalsearch.php?q=21100867253 &tip=...

Ads by clickio

08/07/2026, 14:38



Source details

Plant Breeding and Biotechnology

Years currently covered by Scopus: 2015, from 2018 to 2026
Publisher: Korean Society of Breeding Science

ISSN: 2287-9358 E-ISSN: 2287-9366

Subject area: (Agriculturul and Biological Sciences: Plant Science) CBiochemistry, Genetics and Molecular Biology: Biotechnology)

Source type: Journal

View all documents > Set document alert |2 save to source list

CiteScore  CiteScore rank & trend ~ Scopus content coverage

CiteScore 5915 v CiteScoreTracker 2026 ®

2 6 228 Citations 2022 - 2025 132 Citations to date
) 88 Documents 2022 - 2025 1'8 ) 73 Documents to date

Calculated on 05 May, 2026 Last updated on 05 July, 2026 « Updated monthly

CiteScore rank 2025 @

Category Rank Percentile

Agricultural and
Biological Sciences #257/541 52nd

L

Plant Science
Biochemistry, Genetics

and Molecular Biology #214/325 34th

Biotechnology

View CiteScore methodology >  CiteScore FAQ >  Add CiteScore to your site ¢

CiteScore 2025

2.6

SJR 2025

0.375

SNIP 2025

0.522



About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters
Language

AXFRERTTD
EEEEFRA
ERERBP RS

MpocMoTp BEPCUM Ha PYCCKOM s3blke

Customer Service

Help
Tutorials

Contact us

ELSEVIER

Terms and conditions 1 Privacy policy 7 Cookies settings

All content on this site: Copyright ©) 2026 Elsevier B.V. 7, its licensors, and contributors. All rights are reserved, including those for
text and data mining, Al training, and similar technologies. For all open access content, the relevant licensing terms apply.

& RELX™



