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Establishing an in vitro Propagation System for Prunus
campanulata Maxim. via Plant Fasciation Syndrome
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ABSTRACT

In plant tissue culture, shoot micropropagation is often accomplished through the
application of plant growth regulators under in vitro conditions. However, an imbalance of
endogenous phytohormones may occasionally appear in this process, resulting in physiological
or morphological abnormalities. Plant fasciation is one of the abnormalities and is typically
considered a negative outcome in in vitro culture and therefore often discarded. Fasciated shoot
tips are distinguished by the production of multiple, actively proliferating apical meristems. Our
laboratory recently developed a large-scale plant propagation system to make use of fasciated
tissue. In the present study, this propagation system was applied to Prunus campanulata Maxim.,
a woody ornamental species. An in vitro single bud was first cultured for 60 d on the Woody
Plant Medium (WPM) supplemented with 6-benzylaminopurine (BAP) and indole-3-butyric acid
(IBA) to induce fasciated tissue with multiple shoot meristems. The sustained shoot fasciation and
promoted lateral shoot tip proliferation were achieved through the use of various combinations
of BAP and IBA concentrations. By intensively cutting the fasciated tissue, numerous normal
morphological shoots were recovered from the cutting debris. From an initial 0.5 cm-wide fasciated
tissue fragment, a maximum of 192.4 normal shoots were obtained. Following IBA treatment,
80% of these new shoots rooted, and subsequent acclimatization in a greenhouse achieved a 95%
survival rate, yielding morphologically normal plants.
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INTRODUCTION

Plant fasciation refers to a morphological
abnormality characterized by altered organ
development that can occur in various plant
organs, including roots, stems, leaves, flowers,
inflorescences, cotyledons (White 1945),
fruits (Darrow and Borthwick 1954), and
rhizomes (Fukai et al. 2000). Binggeli (1990)
noted that fasciation occurs more frequently
in species with indeterminate growth, citing
Acer pseudoplatanus L. as an example, and
commonly appears in its twigs, petioles,
and inflorescences. Choob and Sinyushin
(2012) further described that when the shoot
apical meristem (SAM) undergoes abnormal
expansion due to fasciation, the resulting
stem becomes flatter and ribbed compared to
its normal counterparts, and the proliferation
also occurs laterally. In Prunus avium L.,
leaves and buds on fasciated stem segments
tend to cluster near the shoot apex (Kitin et
al. 2005). Furthermore, the phyllotaxy of
fasciated plants differs from that of normally
developing individuals (Tang and Knap 1998,
Bykova et al. 2016). Similarly, in Pisum
sativum L., fasciation is associated with not
only altered phyllotaxy but also an increased
number of leaves (Sinjushin and Gostimskii
2008).

The onset of fasciation is influenced
by physiological mechanisms (Iliev and
Kitin 2011, Altac and Dalas 2021) or genetic
regulation (Williams and Fletcher 2005, Elhiti
and Stasolla 2011, Iliev and Kitin 2011).
Environmental zinc deficiency (Rance et al.
1982) and infection by Rhodococcus fascians
(Tilford 1936) Goodfellow 1984 (Crespi et
al. 1992) are known to induce fasciation.
These physiologically induced cases are
generally attributed to an altered endogenous
balance between auxin and cytokinin (Murai
et al. 1980, Cakmak et al. 1989, Eason et al.

1996). Regarding genetic regulation, SAM
development is coordinately regulated by
genes including CLAVATA (CLV), WUSCHEL
(WUS), MGOUN (MGO), and FASCIATA
(FA) (Kaya et al. 2001, Graf et al. 2010, Galli
and Gallavotti 2016). The key genes CLV and
WUS function through a negative feedback
loop to stabilize cell populations within the
SAM, thereby ensuring the cells’ proper
development. Suppression or malfunction
of CLV signaling disrupts its regulation of
WUS, leading to WUS overexpression. This
results in excessive stem cell accumulation
within the SAM, accompanied by the stem
cells’ uncontrolled differentiation into organ
primordia, ultimately causing enlargement
and overproliferation of the SAM (Schoof et
al. 2000). In fasciated stems, this alteration
manifests as stem flattening, increased girth,
lateral proliferation of the SAM, and the
production of numerous diminutive leaves.
During signal transduction in plant cells,
cytokinin promotes WUS expression, either
directly or through the suppression of CLV,
thereby increasing the number of stem cells
in the SAM. When excessive cytokinin levels
drive uncontrolled stem cell proliferation,
fasciation is triggered (Gordon et al. 2009).
Therefore, increased cytokinin levels and
dysregulation of SAM-related genes are
interconnected in the induction of fasciation.
Whether triggered by physiological
imbalances or genetic dysregulation,
fasciation can ultimately be attributed to
the imbalance of the endogenous auxin and
cytokinin. In in vitro culture procedures,
while exogenous cytokinin supplementation
is a common practice for mass propagation,
it often initiates disruption of the hormonal
balance and consequently induces fasciation
(Amutha et al. 2006, Iliev et al. 2010,
Arellano-Perusquia et al. 2013, Dancheva
and Iliev 2015). Cytokinin application is
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thus recognized as a pivotal factor in this
phenomenon (Isah 2015). Historically,
fasciated propagules arising during the
in vitro cultures have been categorized as
aberrant mutations and discarded due to
their perceived lack of utilitarian value.
In our laboratory, detailed observation of
fasciated shoot apices revealed extensive
lateral expansion of the SAM, with numerous
shoot meristems arranged along the apex.
Given that the induction of meristems and
the promotion of their growth constitute a
critical step in micropropagation, adventitious
bud regeneration, and callus organogenesis,
this observation led to the hypothesis that if
fasciated apices inherently possess multiple
preformed meristems, they could be directly
utilized as propagation materials, thereby
eliminating the need for de novo induction.

In studies on carnivorous plants,
fasciated organs have been employed for
vegetative propagation aimed at preserving
the fasciated phenotype for ornamental
purposes rather than for increasing the
propagule yield, resulting in low propagation
efficiency (Wistuba 1983, Hanrahan 1985).
In the field of in vitro culture, several studies
have documented the occurrence of fasciated
shoots with detailed data. For instance, Iliev
et al. (2003) induced adventitious shoots
from the leaf callus of Betula pendula Roth.
using zeatin [6-(4-hydroxy-3-methylbut-2-
enylamino) purine] and reported that less than
5% of the regenerated propagules exhibited
fasciation. Similarly, in P. avium, the culture
of single shoots on medium containing indole-
3-butyric acid (IBA) and gibberellic acid
(GA3), followed by treatment with various
concentrations of 6-benzylaminopurine
(BAP), also yielded a small number of
fasciated shoots (Kitin et al. 2005). Papafotiou
et al. (2001) also reported the induction of
fasciated shoots in Mammillaria elongata DC.
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through the synergistic application of BAP
and 1-naphthaleneacetic acid (NAA). These
collective findings indicated that although
the emergence of fasciated propagules during
in vitro culture was not uncommon, their
frequency was often too low for large-scale
propagation, or they were not the primary
objective of the original studies. Furthermore,
histological analyses of fasciated stems via
transverse sections have revealed abnormal
enlargement and deformation of cortical
parenchyma and pith cells, with some
instances of cellular rupture, suggesting
aberrant growth patterns (Kitin et al. 2005).
As a result, fasciation has received limited
attention and has not been further investigated
in in vitro culture research.

Anderson et al. (1982) identified a multi-
apexing phenomenon in the shoot tips of
strawberry (Fragaria * ananassa Duch.),
which they characterized as an aberrant
manifestation of fasciation. Although they
described a process to restore normal growth
by isolating these apices and noted that
elevated BAP concentrations promoted
this condition, they merely suggested its
potential as an efficient method for shoot
multiplication. Liao and Ji (2014) first
verified in Drosera burmannii Vahl that the
multiple meristems present in fasciated SAMs
could proliferate and differentiate under in
vitro culture conditions, regenerating into
numerous morphologically normal plantlets.
Liang et al. (2019) took a similar approach
with Vitex rotundifolia L., using flattened
fasciated stem segments as explants to induce
the elongation of axillary buds, thereby
successfully yielding normal plants. These 2
reports represent the initial attempts to exploit
fasciated plant organs in in vitro culture
and successfully collected a “substantial”
multiplication of propagules.

The present study extends this propaga-
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tion strategy to a third species, Prunus
campanulata Maxim. As a notable ornamental
plant in Taiwan, P. campanulata is widely
cultivated in forest recreation areas, private
landscapes, and community gardens across
the northern regions, resulting in significant
market demand for mass-produced plantlets.
The genus Prunus L. comprises numerous
deciduous and evergreen trees and shrubs,
including economically important fruit
and nut crops worldwide (Chin et al.
2014). Subsequent attempts to extend this
propagation method to other ornamental
or economically valuable species within
the genus hold considerable commercial
potential.

MATERIALS AND METHODS

Establishment of aseptic shoots

Basal sprouts were collected from the
trunk base of P. campanulata. After removing
the leaves, the shoots were rinsed under
sufficient running tap water and trimmed
into segments approximately 5 cm in length.
The segments were then immersed in 0.2%
(v/v) Anti-A solution (China Chemical &
Pharmaceutical Co., Ltd., Hsinchu, Taiwan)
for 30 min, followed by washing in 200
mL of tap water supplemented with 1-2
drops of household detergent for 2—3 min.
Subsequently, surface sterilization was
performed within a laminar airflow cabinet
using 20% (v/v) commercial bleach (Clorox®,
USA) for 2-3 min, followed by immersion in
75% (v/v) ethanol for 30 s. Finally, explants
were rinsed 4 times with autoclaved double-
distilled water (ddH20), each rinse lasting
3 min. The two ends of the explants, which
underwent sterilization treatment, were
thinly shaved under aseptic conditions. They
were cut into 2-3 cm nodal segments, each

containing at least 1 axillary bud, which
were used as explants. These explants were
then inoculated onto half-strength Murashige
and Skoog (Y2 MS) medium (Murashige and
Skoog 1962) supplemented with 8.88 uM
BAP (B-3408, Sigma, St. Louis, MO, USA)
and 0.5 pM IBA (I-5386, Sigma) to induce
axillary bud formation. Subculture was
performed every 15 d onto freshly prepared
medium of the same composition. After
3 subcultures, the resulting aseptic shoots
were excised and transferred to proliferation
medium for proliferation and elongation. The
proliferation medium consisted of the WPM
(Lloyd and McCown 1980) basal medium
supplemented with 3% (w/v) sucrose and
0.75% (w/v) Difco Bacto agar (pH 5.7),
with an additional 3.0 uM BAP and 0.05
uM IBA. Subcultures were conducted every
30 d. Morphologically normal shoots (NS)
harvested from these cultures could serve as
the starting material for subsequent fasciation
induction experiments.

Effects of BAP and IBA combinations on
the induction of fasciated tissue

Aseptic NSs harvested from the previous
subcultures were inoculated onto the WPM
induction medium supplemented with various
combinations of BAP (4.44, 8.88, and 12.32
uM) and IBA (0, 0.1, and 0.5 uM) to trigger
the formation of fasciated tissues. Subculture
was performed every 15 d for a total of 3
cycles, with growth responses monitored
at 20, 40, and 60 d after initial culture.
Following the 60-d culture period, the total
number of fasciated shoots and the fasciation
incidence were recorded. In this stage, each
treatment combination comprised 10 explants,
with a single shoot inoculated per test tube.
The experiment was performed in duplicate.
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Histological observation of fasciated tissue
and normal shoots

For histological analysis, fragments
approximately 2.0 mm in width were excised
from fasciated tissues, while shoot apices
from NSs served as controls. These samples
were fixed in formalin acetic alcohol (FAA)
solution (40% formaldehyde: 100% glacial
acetic acid: 95% ethanol: ddH20 = 1:1:10:8;
Jung et al. 2005) for 7 d.

Following fixation, tissues were dehy-
drated through a graded ethanol and tert-
butanol (TBA) series (10, 20, 35, 55, 75, and
100% TBA), with vacuum infiltration to ensure
thorough reagent penetration. Infiltration was
completed in an oven (60-65°C) using melted
paraffin (Paraplast, Leica Biosystems, USA).
Following embedding, 10-um-thick sections
were obtained using a rotary microtome. The
sections were subsequently stained with 1%
safranin and 0.5% fast green, mounted, and
examined via a light microscope to evaluate
morphological differences.

Effects of BAP and IBA combinations on
the maintenance of fasciated tissue

After the induction of fasciation, the
laterally proliferating shoot apex (indicated
by the box in Figure 1A) was excised and
divided into multiple small fragments, each
approximately 0.5 cm in width (Figure 1B).
These fragments were subsequently cultured
on the WPM basal medium supplemented
with various concentrations of BAP (1.11,
2.22, or 4.44 uM) combined with IBA (0.5 or
1.0 uM). Each treatment group consisted of
6 tissue fragments, with 3 fragments cultured
per Petri dish. The cultures were maintained
for 84 d with subcultures at days 21, 42, and
63. As the tissue fragments maintained their
fasciated characteristics and continued to
expand laterally, the width increment of each
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fragment was measured at each subculture to
calculate the mean growth. For subsequent
subcultures, a 0.5-cm portion was randomly
excised from each expanding fragment to
serve as the new explant, thereby maintaining
a consistent sample size of 6 fragments per
treatment. The final width increment was
recorded at day 84. All measurements were
performed using a mechanical vernier caliper
to determine the width increment every 21 d.
The experiment was performed in duplicate.

Effects of BAP and IBA combinations on the
formation of recovered normal shoots from

fasciated tissue

Fasciated tissue fragments approximately
1.0 cm in width were minced into small
fragments using a scalpel in an empty Petri
dish. The minced tissue was then inoculated
onto the shoot proliferation medium (WPM
supplemented with 3.0 uM BAP and 0.05 uM
IBA). In addition, 2 different plant growth
regulator (PGR) combinations were tested for
comparison: 2.22 uM BAP + 1.0 uM IBA and
4.44 uM BAP + 0.5 uM IBA. One milliliter
of sterile ddH20 was added onto the medium
surface and mixed with the minced tissue,
which was evenly spread using an L-shaped
cell spreader (Figure 1C). Each treatment used
15 fasciated fragments (1.0 cm each), with
each fragment cultured in 1 Petri dish (Figure
1D). Cultures were maintained for 42 d with
a subculture at day 21. During this period,
shoots differentiated and emerged from the
minced tissue. Recovered normal shoots
(RnS) longer than 1.0 cm were excised and
transferred individually to the proliferation
medium. Undersized or persistently fasciated
shoots were excluded from the final count.
At the end of the culture period, the number
of RnS obtained per 1.0-cm fragment was
recorded. The experiment was performed in
duplicate.
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C

Figure 1. Key culture steps for maintaining shoot fasciation and recovering morphologically
normal shoots in Prunus campanulata Maxim. (A) A typical fasciated shoot obtained from axillary
micropropagation, showing a flattened stem (arrow) and lateral proliferation in the shoot tip (red
box); (B) a 0.5 cm-wide fragment excised from the laterally proliferated shoot tip (red box in A),
used as the initial explant for fasciation maintenance; (C) cutting fragments from a 1.0 cm-wide
fasciated tissue, mixed with ddH:0 and spread onto the shoot proliferation medium using an
L-shaped cell spreader; (D) close-up view of the cutting fragments cultured in C, revealing fine
dispersed proliferating meristematic cells and larger pieces of broken leaves (arrows). Scale bars

in (A) (B) =5.0 mm; (D) =2.5 mm.

Methodology for estimating the total yield
of recovered normal shoots from fasciated
tissues

To estimate the total number of shoots
obtainable through the developed propagation
system, calculations were based on an

initial fasciated fragment 0.5 cm in width.
In the “Maintenance of Fasciated Tissue”
experiment, the tissues underwent continuous
lateral proliferation. At the conclusion of
each subculture cycle, the expanded tissues
were partitioned into multiple 0.5-cm
fragments to initiate the subsequent cycle.
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This process was computationally repeated
until the end of the experiment to determine
the cumulative “total width (cm)” of the
proliferated material. Concurrently, the
“Formation of Recovered Normal Shoots”
experiment established “the number of RnSs
produced per 1.0-cm fasciated segment.”
The total number of shoots was estimated
by multiplying the cumulative “total width
(cm)” by “the number of shoots produced per
cm.” However, because full-scale physical
propagation of all proliferated material was
impractical due to the exponential increase
in tissue quantity, parameters used in the
estimation were derived from randomized
sampling and statistical analysis. Detailed
calculations, including the substitution of
statistically derived values, are presented in
the Results section.

Effects of IBA concentration and induction
duration on shoot rooting

The NSs obtained from the proliferation
cultures served as the experimental material
to determine optimal rooting conditions.
These shoots were inoculated onto the WPM
basal medium supplemented with different
concentrations of IBA (39.36, 49.2, 59.04, and
73.8 uM) and subjected to different induction
durations (24, 48, and 72 h). Following
induction, the shoots were transferred to the
IBA-free WPM medium supplemented with
8.88 uM AgNOs to facilitate adventitious
root elongation. Rooting performance was
assessed after 14 d. A shoot was considered
successfully rooted when at least 1
adventitious root > 0.5 cm in length emerged
from the basal region. The number of rooted
shoots and the length of the longest root were
recorded. Each treatment consisted of 10
shoots, with 1 shoot cultured per test tube.
The experiment was performed in duplicate.

Once the optimal conditions were
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established, the rooting performance of
RnSs was compared with that of subcultured
NSs to determine whether shoot origin
significantly influenced rooting capability.
Forty shoots from each source (RnS and
NS) were subjected to the selected optimal
rooting treatment. Each shoot was cultured
individually in a test tube, and the experiment
was performed in duplicate. Root number,
mean root length, longest root length, and
rooting percentage were recorded to assess
potential differences between shoot origins.

Establishment of acclimatization protocol for
plantlets

Vigorous rooted plantlets (derived from
RnS and NS) were selected for acclimatization.
Residual medium at the base was rinsed off
with distilled water, and foliage on the lower
50% of the plantlet height was excised. The
plantlets were transplanted into perforated
rectangular plastic baskets (47 x 37.7 x 13
cm) filled with a mixed substrate (chopped
sphagnum moss: akadama soil: vermiculite:
perlite = 1:2:2:0.5, v/v). A planting density of
5 x 4 plantlets per basket was maintained. The
perforated basket was placed within a larger
non-perforated outer container (59 x 47.5 x 16
cm) elevated by 4 Petri dishes (2 cm in height)
positioned at the bottom. The outer container
was covered with a transparent acrylic plate to
maintain high relative humidity, and reverse
osmosis (RO) water was applied to keep the
substrate moist. During the acclimatization
process, the coverage of the acrylic plate was
gradually reduced to increase air exchange
incrementally. After 4 weeks, the plantlets
were transferred to a semi-shaded greenhouse.
The acrylic cover was progressively removed
to lower the relative humidity and allow
adaptation to ex vitro conditions. The survival
rate was recorded, and the experiment was
performed in triplicate.
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Environmental conditions across tissue
culture stages

For the fasciation induction and rooting
experiments, explants were cultured in
sterile glass test tubes (20 mm diameter X
115 mm length). For fasciation maintenance
and shoot formation experiments, sterile
Petri dishes (90 mm diameter x 20 mm
height) were used. RnSs were subsequently
subcultured in Orchid Cultivation Boxes (90-
mm diameter x 104 mm height; Type CK-
B, Ching Ke Enterprise Co., Ltd., Taiwan).
The culture room was maintained at 24
& 1°C under cool white fluorescent lights
providing a photon flux density (PPFD) of
30-35 pmol m2 s with a 16 h light / 8 h
dark photoperiod. During the acclimatization
stage, a combination of cool white fluorescent
and incandescent lights was employed, with
the PPFD increased to 40—50 pmol m2 s™*
under the same photoperiod.

Statistical analysis

The fasciation induction experiment (3 x
3) and the NS rooting experiment (3 x 4) were
conducted as completely randomized factorial
experiments, each performed in duplicate.
The data were analyzed using two-way
analysis of variance (ANOVA). The fasciation
maintenance experiment (3 x 2) was also
arranged as a completely randomized factorial
experiment, with data analyzed at the end of
each subculture cycle to evaluate the effects
of plant growth regulator (PGR) combinations
on the maintenance of fasciation and to
identify the optimal treatment for maximizing
lateral width increment. The shoot formation
experiment utilized a completely randomized
design (CRD), with 3 treatments (15 explants
per treatment), each performed in duplicate.
Data were analyzed using one-way ANOVA.

All statistical analyses were performed

using IBM SPSS Statistics 22.0. When
significant differences were detected (p <
0.05), treatment means were compared using
Fisher’s least significant difference (LSD)
test. For comparisons between RnSs and NSs
in rooting and acclimatization experiments,
independent sample #-tests were performed to
compare the root number, mean root length,
longest root length, and survival rate.

RESULTS

Effects of BAP and IBA combinations on
fasciation induction

Approximately 20 d after induction
culture, the basal region of the shoot
explants began to swell, accompanied by
the emergence of new shoots. After 40 d
of culture, most of the single shoots had
developed into clusters of multiple shoots
due to the proliferation of axillary buds,
and some large shoots exceeding 1.5 cm in
length were observed (Figure 2A). After 60
d of culture, fasciation began to emerge at
the apices of several large shoots. The shoot
apical meristem exhibited lateral expansion
rather than vertical elongation, with numerous
small leaves arranged along both sides of the
laterally expanded apex (Figure 2B).

At the end of the induction stage, both the
average number of shoots exhibiting fasciation
per explant and the fasciation forming
percentage decreased as the BAP concentration
increased. Among the treatments, 4.44 uM
BAP resulted in a fasciation rate of 7.7%,
which was significantly higher than that of
the other treatments (Table 1). Furthermore,
IBA concentration did not significantly
affect fasciation induction, and no significant
interaction was observed between BAP and
IBA (Table 1).
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Figure 2. Induction of shoot fasciation in Prunus campanulata Maxim. (A) Elongated large
shoots derived from axillary micropropagated microshoots; (B) fasciated shoot showing lateral
proliferation at the shoot tip with numerous reduced leaves. Scale bars = 1.0 cm.

Table 1. Effect of BAP and IBA concentrations on the induction of shoot fasciation in Prunus
campanulata Maxim.

Source factor Levels Fasciated shoolts1 Ratio of fascia}ed shoot
(nM) (no. explant™) formation ~ (%)
BAP 4.44 1.6 =02° 7.7 +0.9°
8.88 0.7 £0.1° 34 +06°
13.32 03+0.1° 1.1 £0.3°
IBA 0.0 08 02" 47 =09
0.1 0.7 +0.1° 3.5+0.7°
0.5 1.0 £0.1" 4.0+ 0.7°
Significance®
Source factor Fasciated shoots Ratio of fasciated shoot
formation
BAP (B) * *
IBA (I) n.s. n.s.
BXI n.s. n.s.

'2 Formation of fasciated shoots and its ratio (mean = SE, n = 10) corresponding to levels of each source
factor, where mean values followed by different superscript letters in the same column are significantly
different according to Fisher’s least significant difference (LSD) test at p < 0.05.

? Percentage data were all arcsine transformed prior to analysis.

* Source factor and interactive effects on fasciated shoot formation, where * represents a significant difference

detected by Fisher’s LSD test at p < 0.05; n.s. indicates no significant difference (p > 0.05).

BAP: 6-benzylaminopurine; IBA: indole-3-butyric acid.

NSs (Figure 3A, arrow), which exhibited a

Histological characterization of fasciated characteristic dome-shaped structure enclosed

tissues and normal shoots by developing leaf primordia. By contrast,

Longitudinal sections of the shoot apices sections of fasciated tissues exhibited
revealed a distinct single meristem on the pronounced lateral expansion and broadening
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of the shoot apex (Figure 3B). Although
the histological section was obtained from
only a small portion of the fasciated shoot
(approximately 2.0 mm in width), this
width was already 10 times greater than the
diameter of the NS apex. Considering that a
fully developed fasciated shoot can reach a
width exceeding 1.0 cm, the degree of lateral
expansion compared to NSs is substantially

more significant. Numerous protruding
meristems were observed on the surface of
these expanded regions, composed of small,
densely packed cells (Figure 3C, arrow). The
cellular organization of these meristems was
consistent with that of the NS apical meristem
but lacked surrounding leaf primordia and
frequently occurred in parallel arrangements.
These observations indicated that fasciated

Figure 3. Comparative histological analysis of normal versus fasciated shoots in Prunus
campanulata Maxim. (A) Longitudinal section of a normal shoot apical meristem showing a
single distinct meristem (arrow) enclosed by developing young leaves; (B) longitudinal section of
a fasciated shoot tip, revealing laterally proliferating meristems (boxed); (C) magnified view of
the region highlighted in B, emphasizing multiple meristems (arrows) that have developed on the
flattened upper surface of the shoot tip. Scale bars = 0.2 mm.
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shoot apices are characterized by “multiple
meristems,” which serve as the source for
subsequent shoot regeneration, and a higher
number of these meristems significantly
enhances propagation efficiency.

Effects of BAP and IBA combinations on the
maintenance of fasciated tissues

Throughout the 84-d culture period,
fasciated tissue fragments in all treatment
combinations exhibited a continuous increase
in width, indicating that the meristems of
the fasciated tissues remained in an actively
proliferative state. Statistical analysis
revealed that both IBA concentrations had no
significant effect on the width increase of the
tissue fragments. By contrast, BAP treatments
resulted in significant differences in the
average width of fasciated tissues during
the first 3 subcultures (S1-S3), although no
significant differences were observed in the
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4™ subculture (S4). Among the treatments,
2.22 uM BAP was the most effective in
promoting width expansion, yielding the
greatest average width increase by the end of
each subculture (Table 2) while maintaining
a stable fasciated phenotype (Figures 4A,
4B, and 4C). Conversely, the 1.11 uM BAP
treatment was less effective, and during the
subculture, some tissue fragments reverted
to a normal single-shoot morphology, failing
to maintain the fasciated phenotype. After 42
d of culture, some explants treated with 4.44
uM BAP exhibited browning, accompanied
by the swelling of basal callus and poor
growth. Regardless of the concentration
applied, all proliferations of the fasciated
tissue fragments began to decline after 64 d
of culture (S4 stage), and the rate of width
increase gradually decreased (Figure 4D;
Table 2).

Table 2. Effect of BAP and IBA concentrations on the lateral width proliferation of cultured
fasciated Prunus campanulata Maxim. shoot fragments.

Levels Width increase per fasciated fragment (cm) '
Source factor

(nM) S1? S22 S3? S4?
BAP 1.11 0.46 £0.03°  0.82£0.04" 0.62£004° 028 %= 0.06"
2.22 0.82 = 0.03* 1.23 £ 0.05° 1.01 £ 0.05° 0.35 £ 0.05*°
4.44 0.74 £ 0.05* 0.86 + 0.04" 0.73 + 0.03° 0.33 £ 0.06*
IBA 0.5 0.67 £ 0.03" 0.96 £ 0.04* 0.77 £ 0.04° 0.31 £ 0.04*°
1.0 0.72 £ 0.04* 0.98 = 0.05° 0.82 £ 0.05° 0.34 £ 0.05*°

Significance *
Source factor Width increase per fasciated fragment

S1 S2 S3 S4

BAP (B) * * * n.s.

IBA (I) n.s. n.s. n.s. n.s.

B X1 n.s. n.s. n.s. n.s.

' Mean width increase in cultured fasciated fragments (mean *= SE, n = 6) corresponding to levels of
each source factor, where mean values followed by different superscript letters in the same column are
significantly different according to Fisher’s least significant difference (LSD) test at p < 0.05.

% S1: subculture days 1-21; S2: subculture days 22-42; S3: subculture days 43—63; S4: subculture days 64—84.

* Source factor and interactive effects on width increase in fasciated fragments, where * represents a
significant difference detected by Fisher’s LSD test at p < 0.05; n.s. indicates no significant difference (p >

0.05).

BAP: 6-benzylaminopurine; IBA: indole-3-butyric acid.
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Figure 4. Representative fasciated shoot explants during the “maintenance of fasciation” culture
stage. These panels illustrate the laterally proliferated shoot explants at the conclusion of each
subculture. The degree of proliferation, as indicated by the increase in explant width, remained
consistent across most subcultures, with a notable deduction observed in the 4™ subculture. (A)
End of the 1* subculture; (B) end of the 2" subculture; (C) end of the 3" subculture; (D) end of

the 4" subculture. Scale bars = 2.5 mm.

No significant interaction effects
between BAP and IBA were detected (Table
2). However, the combination of 2.22 uM
BAP and 1.0 uM IBA consistently performed
best during S1-S3 (data not shown), with
width increments of 0.80 cm (S1), 1.23
cm (S2), and 0.87 cm (S3). These values
were subsequently used as parameters for
estimating total shoot production.

Effects of BAP and IBA combinations on the
regeneration of normal shoots from fasciated
tissues

Following intensive fragmentation of

fasciated tissue segments and subsequent
culture on the WPM proliferation medium,
shoots began to differentiate from the minced
fragments after 14 d, appearing randomly
distributed across the Petri dishes (Figure SA).
By day 21, several RnSs were successfully
produced, although some tissues remained
in a proliferative fasciated state (Figure 5B).
Throughout the 42 d, emerging RnSs were
excised and transferred to separate containers
(Figure 5C). These shoots exhibited vigorous
growth and proliferated into multiple shoots,
with no signs of reversion to fasciation (Figure
5D). Once the shoots reached a suitable
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Figure 5. Shoots grown from fasciated Prunus campanulata Maxim. explants. (A) New shoots
grown from cutting fragments after 14 d in culture; (B) both normal (arrows) and fasciated
(arrowheads) shoots developed on the culture medium by day 21 of incubation; (C) individually
transplanted normal shoots cultured for further growth; (D) multiple morphologically normal
microshoots formed from a single shoot previously cultured as shown in C. Scale bars = 1.0 cm.

height (> 1.5 c¢m), they could be used as
explants for subsequent rooting experiments.
Statistical analysis indicated that
shoot regeneration occurred in all treatment
combinations following intensive fragmenta-
tion of 1.0-cm fasciated tissue segments.
However, the combination of 3.0 uM BAP
and 0.05 uM IBA resulted in superior shoot
regeneration (Table 3). Significant differences
were already observed after 21 d of culture,
yielding an average of 11.4 large RnSs.
After 42 d of culture, this treatment further

increased the yield to 15.6 large shoots,
the highest among all treatments, with no
morphological abnormalities. The other 2
treatment combinations produced 12.9 and
12.7 large shoots, respectively. Consequently,
the combination of 3.0 uM BAP and 0.05
uM IBA was adopted as the optimal culture
condition for this stage.

Estimation of the total yield of normal shoots
induced from fasciated tissues

At the end of the first subculture (S1) in
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Table 3. Effectiveness of 3 plant growth regulator (PGR) regimes in promoting the formation of
morphologically normal shoots from fine-cut debris of fasciated Prunus campanulata Maxim. shoot

fragments.
RGR combination Number of shoots per fasciated fragment '
BAP (uM) IBA (uM) Incubation of 21 d Incubation of 42 d
2.22 1.0 9.9 +0.4° 129 £ 0.6°
3.0 0.05 11.4 +0.3° 15.6 = 04°
4.44 0.5 9.0 + 0.4° 12.7 +0.3°

' Mean value of normal shoot formation (mean + SE, n = 15) followed by different superscript letters in the
same column are significantly different according to Fisher’s least significant difference (LSD) test at p < 0.05.

BAP: 6-benzylaminopurine; IBA: indole-3-butyric acid.

the fasciated tissue maintenance experiment,
a 0.5-cm fasciated tissue fragment exhibited
a width increment of 0.8 cm, resulting in a
final fasciated fragment width (FFFW) of 1.30
cm (0.5 + 0.8 cm; Table 4). This length could
be partitioned into 2.6 fragments, each 0.5
cm in width (Table 4). Following the second
subculture (S2), a 0.5-cm fragment showed
a width increment of 1.23 cm, yielding a
FFFW of 1.73 cm (0.5 + 1.23 cm). When all
2.6 fragments produced from the previous
subculture were further cultured, the total
fasciated fragment width (TFFW) reached
4.50 cm (1.73 x 2.6 cm; Table 4), which could
then be fragmented into 9.0 segments of 0.5
cm in width (Table 4). Applying the same
calculation to the end of the third subculture
(S3), each 0.5-cm segment increased by 0.87

cm, resulting in an FFFW of 1.37 cm and a
TFFW of 12.33 cm (1.37 x 9.0; Table 4).

Based on the final TFFW of 12.33 cm
and the fact that each 1.0-cm fasciated
segment can produce 15.6 RnSs using the
shoot regeneration protocol described in this
study, the total yield was calculated to be
approximately 192.4 RnSs (12.33 x 15.6;
Table 4).

Effects of IBA concentration and induction
duration on shoot rooting

When the NSs were used for rooting
experiments, basal swelling was observed in
some shoots 5-6 d after transfer to the IBA-
free medium. By day 8, adventitious roots
were clearly visible at the swollen basal
region. By day 10, most roots had elongated

Table 4. Impact of successive subcultures on both the width increase of laterally proliferating fasciated
fragments (maintenance stage) and the subsequent recovery of morphologically normal shoots.

Subcultures IFFW Fr‘;ﬁ';‘:e“;sve“ldth FFFW TFFW No.of 0.5cm-  No. of normal shoots
-1 .
(d) (cm) (cm explant™) (cm explant™) (cm) wide fragments recovered from TFFW
S1(1-21)  0.50 0.80 0.5+0.80=1.30 1.30 1.30/0.5=2.60 1.30x15.6=20.3>
S2 (22-42) 0.50 1.23 0.5+1.23=1.73 1.73x2.60=4.50 4.50/0.5=9.00 4.50x15.6=70.2"

S3 (43-63) 0.50 0.87

0.5+0.87=1.37 1.37x9.00=12.33 -

12.33x15.6=192.42

! Derived width increase values (see text).

? Normal shoot recovery parameter (15.6) (see text for details).
IFFW: initial fasciated fragment width; FFFW: final fasciated fragment width; TFFW: total fasciated fragment

width.
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and increased in number (Figure 6).

Statistical analysis after 14 d of culture
indicated that different induction durations
(24, 48, and 72 h) did not significantly affect
the root number or root length of NSs (Table
5). However, treatment with 49.2 uM IBA
produced the highest number of adventitious
roots (5.6 roots per shoot). Although the
number of roots gradually decreased as the
IBA concentration increased (59.04 and 73.8
uM), no significant differences were detected
among these 3 treatments. Similarly, the
longest root length showed no significant
differences among the 4 IBA concentrations
(Table 5). Furthermore, the root number was
significantly influenced by the interaction
between induction duration and IBA concen-
tration. Detailed analysis indicated that
49.2 uM IBA for 48 or 72 h, and 59.04 uM
IBA for 48 h, produced higher numbers of
adventitious roots (Table 6). To simplify the
protocol while minimizing IBA usage and
induction time, 49.2 uM IBA with a 48 h
induction period was selected as the optimal
rooting treatment.
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A comparison of rooting responses
between RnS and NS was also conducted
using the optimal treatment (49.2 uM IBA for
48 h). After 10 d of culture, both root number
and root length increased. The results showed
no significant differences between RnSs and
NSs in terms of average root number, mean
root length, longest root length, or rooting
percentage (Table 7). This indicated that the
rooting responses of RnSs and NSs were
comparable under the optimal induction
conditions, regardless of the explant source.

Establishment of acclimatization protocol
for plantlets

During the initial phase of acclima-
tization (the first 14 d), some P. campanulata
plantlets showed yellowing and abscission of
leaves, which was typically accompanied by
the emergence of new shoots. After 28 d of
acclimatization in the growth chamber, the
newly emerged leaves were fully expanded,
and additional shoots continued to develop.
At this stage, the plantlets were transferred
to a shaded greenhouse and transplanted into

Figure 6. Successful rooting of Prunus campanulata Maxim. micropropagated shoots. This image
illustrates the optimized rooting conditions enabling subsequent experimental examinations. Scale

bar =1.0 cm.
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Table 5. Influence of IBA concentration and induction duration on adventitious rooting in Prunus
campanulata Maxim. in vitro-grown normal shoots.

Source factor Levels Root production per shoot ' Maximum root length (cm)’
IBA (uM) 39.36 3.0 +0.6° 1.69 £ 0.21°
49.20 56+ 08" 1.73 £ 0.24*
59.04 44 +07" 1.97 = 0.28*°
73.80 40+ 07" 1.50 £ 0.19*
Induction duration 24 3.7 £0.7° 1.42 £ 0.18"°
(h) 48 50+ 09° 1.80 + 0.20°
72 42 +£0.7° 1.89 £ 0.21°
Significance’
Root production Maximum root length

IBA (I) * ns.

Induction duration (T) n.s. n.s.

I XT * n.s.

"2 Root production and maximum root length (mean = SE, n = 10) corresponding to levels of each source
factor, where mean values followed by different superscript letters in the same column are significantly
different according to Fisher’s least significant difference (LSD) test at p < 0.05.

* Source factor and interactive effects on root production and maximum root length, where * represents a
significant difference detected by Fisher’s LSD test at p < 0.05; n.s. indicates no significant difference (p >
0.05).

IBA: indole-3-butyric acid.

Table 6. Interactive effects of IBA concentration and induction duration, as derived from Table 5,
on the adventitious root production of normal Prunus campanulata Maxim. shoots.

Root production (no.) per shoot'

IBA (uM)
Induction of 24 h Induction of 48 h Induction of 72 h
39.36 22+09° 3.0 = 1.6% 3.6 £ 1.6°
49.20 4.0+ 1.5° 7.1 = 1.5° 5.7 + 1.4°
59.04 3.0+ 1.2% 54+ 13° 3.6 £ 1.0°
73.80 45+ 14™ 43 +1.0% 2.3+ 1.0°

' Mean value of root production (mean + SE, n = 10) followed by different superscript letters are significantly
different according to Fisher’s least significant difference (LSD) test at p < 0.05.
IBA: indole-3-butyric acid.

Table 7. Comparison of rooting (n = 40) and acclimatization (n = 20) performance in Prunus
campanulata Maxim. plantlets originated from different shoot explants.

Explant type‘ Root production Root length Maximum Rooting rate  Acclimatization
(no.) per shoot (cm) root length (cm) (%) survival (%)
NS 7.1 £04 1.50 == 0.08 1.82 = 0.09 77.5 £ 5.1 91.7 = 1.7
RnS 72 £ 0.6 1.48 = 0.07 1.90 = 0.09 80.0 =74 95.0 =29
t-value® -0.392 0.203 -0.578 -0.257 -1.002

NS explants were originated from initially micropropagated normal shoots, whereas RnS explants were
normal shoots recovered from fasciated tissue.

? All parameters analyzed by an independent sample r-test showed no significant difference between the 2
explant types (z-values < table value #(0.052,n-2)).
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nursery pots. By maintaining substrate moisture
and nutrient supply, the acclimatization phase
was successfully concluded.

The survival rate of rooted RnSs reached
95% (Table 7), showing no significant differ-
ence compared to NSs and exhibiting vigorous
growth. Furthermore, plantlets produced
via this system maintained normal leaf
morphology and phyllotaxy during subsequent
growth in the greenhouse (Figure 7).

DISCUSSION

Although the same methodological
approach was applied, the propagation results
obtained for P. campanulata exhibited a
substantial difference in efficiency compared
to those reported for D. spatulata (Liao and
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Ji 2014). During the stage of producing RnSs
from fasciated tissues, fragmented 1.0-cm
fasciated fragments produced 20.1 RnSs in D.
spatulata, whereas 15.6 RnSs were obtained
in P. campanulata. When considering only
this stage, the yields of these 2 species are
relatively comparable. While fasciated shoots
frequently arise during tissue culture, the key
factor enabling large-scale propagation lies
in the ability of these abnormal propagules
to proliferate continuously while stably
maintaining the fasciated phenotype. In
D. spatulata, fasciated shoots underwent
continuous lateral expansion on the PGR-
free medium for nearly 1 year, and the
rate of width expansion did not decline
with increasing numbers of subcultures,
which represents a key factor enabling its

Figure 7. Prunus campanulata Maxim. plantlets recovered from fasciated shoot tissue. These
plantlets, grown in a greenhouse, exhibited normal phyllotaxy and leaf size. Scale bar = 15 cm.
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high propagation efficiency. By contrast,
fasciated fragments of P. campanulata
failed to survive on the PGR-free medium,
making their maintenance and proliferation
strictly dependent on exogenous PGRs.
Furthermore, during repeated partitioning
and subculturing, most P. campanulata
fragments exhibited physiological decline
after 63 d, with a reduced rate of width
expansion (Table 2). This represents the
most significant difference compared to D.
spatulata and, therefore, likely accounts for
the lower propagation efficiency observed in
P campanulata relative to D. spatulata when
applying the same method. Additionally,
both species occasionally showed a small
proportion of shoots reverting to normal
morphology at a low frequency during
the proliferation. A similar phenomenon
was termed defasciation during the culture
of fasciated P. sativum (Sinjushin and
Gostimsky 2006). However, we speculated
that their underlying mechanisms may differ.
In the propagation system developed in
this study, the earlier reversion of fasciated
shoots to normal morphology implied a
reduction in the volume of fasciated tissue
available for further proliferation, thereby
decreasing the final yield of tissue-culture
plantlets. Nevertheless, the frequency of
such events was not high enough to cause
substantial loss. However, current evidence
remains insufficient to explain the mechanism
underlying this spontaneous reversion to
normal morphology.

In the experiment for RnS production,
P. campanulata fasciated tissues were
intensively fragmented and cultured on the
WPM proliferation medium, from which
RnSs differentiated from the minced tissue
fragments. This procedure represents a form
of mechanical (physical) disruption, and
when the fragmentation intensity is sufficient

to detach and separate the connections
among the meristems on the fragments
effectively, a larger number of normal
plantlets can be obtained. However, evidence
remains insufficient to explain how such
mechanical disruption triggers the reversion
of abnormally structured fasciated tissues to
normal morphology. Furthermore, whether
alternative fragmentation approaches could
enhance RnS production requires further
experimental verification.

The propagation method established in
this study was based on exploiting the nature
of multiple meristems in fasciated shoot apices
and integrating this with a culture process
that enabled their sustained proliferation. By
contrast, Liang et al. (2019) used flattened
fasciated stem segments of V. rotundifolia as
explants to induce the elongation of axillary
buds on the segments, a procedure that
lacked a continuous proliferation phase. The
authors reported that the normal stems of V.
rotundifolia were approximately 2—-3 mm
wide, whereas fasciated stems could expand
to 5-25 mm in width. Therefore, using the
widened and flattened fasciated stems as
explants provided a substantially increased
surface area for axillary bud formation. Their
results showed that an average of 78.0 buds
per explant could be induced, effectively
improving propagation efficiency. However,
as this approach represented a single-cycle
operation, introducing a culture phase
designed to increase the quantity or volume of
fasciated tissues before bud induction could
further enhance propagation capacity.

Currently, in conventional tissue culture
propagation studies of the Prunus species,
micropropagation is typically achieved by
inducing the growth of apical or axillary
buds located on stem nodes. Before rooting
induction, shoots must reach a certain
developmental standard. This process
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is generally divided into several stages,
including the establishment of aseptic shoots,
shoot proliferation using single-node explants,
and shoot elongation (the latter 2 stages may
sometimes be combined into a single step,
resembling the system proposed in this study).
To compare the proliferation efficiency of this
method with that reported for other Prunus
species, studies providing explicit culture
data (including culture duration and shoot
yield) were reviewed. Research on 2 dwarf
cherry rootstocks, ‘Maxma-14" (P. avium L.)
(Muna et al. 1999) and ‘PHL-A’ (P. avium x
P. cerasus) (Mahdavian et al. 2011), as well
as P. sargentii Rehder (Sasaki 2003) and P.
campanulata grown in Brazil (Sanson et
al. 2024), has indicated that approximately
84-119 d are required after the establishment
of sterile shoots to complete the proliferation
and elongation stages. However, the number
of shoots produced that meet the required
standard ranges only from 3 to 9.57.

Relatively faster shoot proliferation and
growth rate have been reported in the P. mume
L. cultivar ‘Xuemei’ and in P. armeniaca L.
The former produced 5.43 well-developed
shoots within 63 d (Ning et al. 2007), whereas
the latter yielded 3.36 shoots after 28 d of
culture (Yildirim et al. 2011).

In the present study, 60 d were required
after the establishment of sterile cultures to
induce the formation of fasciated tissues.
Subsequently, these tissue fragments
underwent a maintenance phase. Following
the first subculture (21 d), an additional
42 d were required to produce RnSs from
the fasciated tissues, resulting in a total
yield of 20.3 shoots within 123 d (Table 4).
When a second maintenance subculture was
performed, the total shoot yield increased
to 70.2 (144 d in total). Remarkably, after
the third cycle of maintenance, the total
shoot yield reached 192.4 within 165 d
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(Table 4). Compared with conventional
micropropagation methods, although this
system for P. campanulata required a
longer proliferation phase, the extended
culture period resulted in remarkably high
proliferation efficiency. Furthermore, these
shoots exhibited an 80% rooting rate and
a 95% acclimatization survival rate (Table
7). Consequently, this system represented a
highly promising and feasible strategy for
large-scale propagation.

CONCLUSIONS

This study used the WPM medium
supplemented with 4.44 uM BAP and 0.5 uM
IBA to induce fasciation in P. campanulata
shoots. Fasciated tissue fragments containing
shoot meristems were continuously subcul-
tured, allowing the fasciation phenotype
to be maintained while the tissue width
progressively expanded during a 63-d
culture period. Following intensive fragmen-
tation, morphologically normal shoots were
regenerated. The complete culture process
enabled an initial 0.5-cm fasciated fragment
to proliferate and produce 192.4 morpho-
logically normal single shoots. Plantlets
obtained through rooting and acclimatiza-
tion developed into normal plants with no
observable morphological variation after 2
years of cultivation. Therefore, establishing
a propagation system for P. campanulata
based on fasciation represents a promising
propagation strategy. If this method can
be applied to other ornamental cherries or
economically important fruit trees within the
genus, it may offer considerable commercial
potential.
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Figure 1. Key culture steps for maintaining shoot fasciation and recovering morphologically
normal shoots in Prunus campanulata Maxim. (A) A typical fasciated shoot obtained from axillary
micropropagation, showing a flattened stem (arrow) and lateral proliferation in the shoot tip (red
box); (B) a 0.5 cm-wide fragment excised from the laterally proliferated shoot tip (red box in A),
used as the initial explant for fasciation maintenance; (C) cutting fragments from a 1.0 cm-wide
fasciated tissue, mixed with ddH:0 and spread onto the shoot proliferation medium using an
L-shaped cell spreader; (D) close-up view of the cutting fragments cultured in C, revealing fine
dispersed proliferating meristematic cells and larger pieces of broken leaves (arrows). Scale bars

in (A) (B) =5.0 mm; (D) =2.5 mm.
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Figure 2. Induction of shoot fasciation in Prunus campanulata Maxim. (A) Elongated large
shoots derived from axillary micropropagated microshoots; (B) fasciated shoot showing lateral
proliferation at the shoot tip with numerous reduced leaves. Scale bars = 1.0 cm.

Table 1. Effect of BAP and IBA concentrations on the induction of shoot fasciation in Prunus
campanulata Maxim.

Source factor Levels Fasciated shoolts1 Ratio of fascia}ed shoot
(nM) (no. explant™) formation ~ (%)
BAP 4.44 1.6 =02° 7.7 +0.9°
8.88 0.7 £0.1° 34 +06°
13.32 03+0.1° 1.1 £0.3°
IBA 0.0 08 02" 47 =09
0.1 0.7 +0.1° 3.5+0.7°
0.5 1.0 £0.1" 4.0+ 0.7°
Significance®
Source factor Fasciated shoots Ratio of fasciated shoot
formation
BAP (B) * *
IBA (I) n.s. n.s.
BXI n.s. n.s.

'2 Formation of fasciated shoots and its ratio (mean = SE, n = 10) corresponding to levels of each source
factor, where mean values followed by different superscript letters in the same column are significantly
different according to Fisher’s least significant difference (LSD) test at p < 0.05.

? Percentage data were all arcsine transformed prior to analysis.

* Source factor and interactive effects on fasciated shoot formation, where * represents a significant difference

detected by Fisher’s LSD test at p < 0.05; n.s. indicates no significant difference (p > 0.05).

BAP: 6-benzylaminopurine; IBA: indole-3-butyric acid.

AL F R EIRTTELO em DL | - EAR A iR ihiEwng - B RHEDZEOINERL: - BUR
FERERHIR NSRS > SN (5 BOE Ry MR - FEHR HTHBALAR A " 2B RS BRHE - TTE
[ . R 2 BRI R R - iR SerE KRB IR A 2D A BRI AR >
BRI e (Figure 3C, #75HpR) > BLEHIR BT HEIRCR -

FHNSZF G 2 A R A — 2 MEH R E
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Figure 3. Comparative histological analysis of normal versus fasciated shoots in Prunus
campanulata Maxim. (A) Longitudinal section of a normal shoot apical meristem showing a
single distinct meristem (arrow) enclosed by developing young leaves; (B) longitudinal section of
a fasciated shoot tip, revealing laterally proliferating meristems (boxed); (C) magnified view of
the region highlighted in B, emphasizing multiple meristems (arrows) that have developed on the
flattened upper surface of the shoot tip. Scale bars = 0.2 mm.

BAPER IBAKH & IR IBHHHEIF LA < 0 &

AN\Y
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Table 2. Effect of BAP and IBA concentrations on the lateral width proliferation of cultured
fasciated Prunus campanulata Maxim. shoot fragments.

Levels Width increase per fasciated fragment (cm) '
Source factor

(uM) s1? S2? S3? S4?
BAP 1.11 0.46 +0.03°  0.82 +0.04" 0.62+0.04° 028+ 0.06"
2.22 0.82 = 0.03° 1.23 = 0.05*° 1.01 = 0.05*° 0.35 = 0.05*°
4.44 0.74 = 0.05* 0.86 =+ 0.04" 0.73 + 0.03" 0.33 £ 0.06°
IBA 0.5 0.67 = 0.03° 0.96 = 0.04° 0.77 = 0.04° 0.31 = 0.04°
1.0 0.72 = 0.04* 0.98 + 0.05° 0.82 + 0.05° 0.34 = 0.05°

Significance *
Source factor Width increase per fasciated fragment

S1 S2 S3 S4

BAP (B) % * * n.s.

IBA (I) n.s. n.s. n.s. n.s.

BXI n.s. n.s. n.s. n.s.

' Mean width increase in cultured fasciated fragments (mean * SE, n = 6) corresponding to levels of
each source factor, where mean values followed by different superscript letters in the same column are
significantly different according to Fisher’s least significant difference (LSD) test at p < 0.05.

? S1: subculture days 1-21; S2: subculture days 22-42; S3: subculture days 43-63; S4: subculture days 64—84.

* Source factor and interactive effects on width increase in fasciated fragments, where * represents a
significant difference detected by Fisher’s LSD test at p < 0.05; n.s. indicates no significant difference (p >

0.05).

BAP: 6-benzylaminopurine; IBA: indole-3-butyric acid.
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Figure 4. Representative fasciated shoot explants during the “maintenance of fasciation” culture
stage. These panels illustrate the laterally proliferated shoot explants at the conclusion of each
subculture. The degree of proliferation, as indicated by the increase in explant width, remained
consistent across most subcultures, with a notable deduction observed in the 4™ subculture. (A)
End of the 1* subculture; (B) end of the 2" subculture; (C) end of the 3" subculture; (D) end of

the 4" subculture. Scale bars = 2.5 mm.
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Figure 5. Shoots grown from fasciated Prunus campanulata Maxim. explants. (A) New shoots
grown from cutting fragments after 14 d in culture; (B) both normal (arrows) and fasciated
(arrowheads) shoots developed on the culture medium by day 21 of incubation; (C) individually
transplanted normal shoots cultured for further growth; (D) multiple morphologically normal
microshoots formed from a single shoot previously cultured as shown in C. Scale bars = 1.0 cm.

Table 3. Effectiveness of 3 plant growth regulator (PGR) regimes in promoting the formation of
morphologically normal shoots from fine-cut debris of fasciated Prunus campanulata Maxim. shoot
fragments.

RGR combination Number of shoots per fasciated fragment '
BAP (uM) IBA (uM) Incubation of 21 d Incubation of 42 d
2.22 1.0 9.9 +04° 129 £ 0.6°
3.0 0.05 114 £03° 15.6 = 0.4°
4.44 0.5 9.0 = 0.4° 12.7 £ 03"

! Mean value of normal shoot formation (mean * SE, n = 15) followed by different superscript letters in the
same column are significantly different according to Fisher’s least significant difference (LSD) test at p < 0.05.
BAP: 6-benzylaminopurine; IBA: indole-3-butyric acid.
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Table 4. Impact of successive subcultures on both the width increase of laterally proliferating fasciated
fragments (maintenance stage) and the subsequent recovery of morphologically normal shoots.

Subcultures IFFW Frii?::;s?.dth FFFW TFFW No. of 0.5 cm- No. of normal shoots
-1 .
(d) (cm) (cm explant™) (cm explant™) (cm) wide fragments recovered from TFFW
S1(1-21)  0.50 0.80 0.5+0.80=1.30 1.30 1.30/0.5=2.60 1.30x15.6=20.3>

S2(22-42) 0.50 1.23
S3 (43-63) 0.50 0.87

0.5+1.23=1.73 1.73x2.60=4.50 4.50/0.5=9.00 4.50x 15.6=70.2"
0.5+0.87=1.37 1.37x9.00=12.33 -

12.33 x 15.6 =192.4>

" Derived width increase values (see text).

* Normal shoot recovery parameter (15.6) (see text for details).
IFFW: initial fasciated fragment width; FFFW: final fasciated fragment width; TFFW: total fasciated fragment

width.

Figure 6. Successful rooting of Prunus campanulata Maxim. micropropagated shoots. This image
illustrates the optimized rooting conditions enabling subsequent experimental examinations. Scale

bar =1.0 cm.
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Table 5. Influence of IBA concentration and induction duration on adventitious rooting in Prunus
campanulata Maxim. in vitro-grown normal shoots.

Source factor Levels Root production per shoot ' Maximum root length (cm)’
IBA (uM) 39.36 3.0 +0.6° 1.69 £ 0.21°
49.20 56+ 08" 1.73 £ 0.24*
59.04 44 +07" 1.97 = 0.28*°
73.80 40+ 07" 1.50 £ 0.19*
Induction duration 24 3.7 £0.7° 1.42 £ 0.18"°
(h) 48 50+ 09° 1.80 + 0.20°
72 42 +£0.7° 1.89 £ 0.21°
Significance’
Root production Maximum root length

IBA (I) * n.s.

Induction duration (T) n.s. n.s.

I XT * n.s.

"2 Root production and maximum root length (mean = SE, n = 10) corresponding to levels of each source
factor, where mean values followed by different superscript letters in the same column are significantly
different according to Fisher’s least significant difference (LSD) test at p < 0.05.

* Source factor and interactive effects on root production and maximum root length, where * represents a
significant difference detected by Fisher’s LSD test at p < 0.05; n.s. indicates no significant difference (p >
0.05).

IBA: indole-3-butyric acid.

Table 6. Interactive effects of IBA concentration and induction duration, as derived from Table 5,
on the adventitious root production of normal Prunus campanulata Maxim. shoots.

Root production (no.) per shoot'

IBA (uM)
Induction of 24 h Induction of 48 h Induction of 72 h
39.36 22+09° 3.0 = 1.6% 3.6 £ 1.6°
49.20 4.0+ 1.5° 7.1 = 1.5° 5.7 + 1.4°
59.04 3.0+ 1.2% 54+ 13° 3.6 £ 1.0°
73.80 45+ 14™ 43 +1.0% 2.3+ 1.0°

' Mean value of root production (mean + SE, n = 10) followed by different superscript letters are significantly
different according to Fisher’s least significant difference (LSD) test at p < 0.05.
IBA: indole-3-butyric acid.

Table 7. Comparison of rooting (n = 40) and acclimatization (n = 20) performance in Prunus
campanulata Maxim. plantlets originated from different shoot explants.

Explant type‘ Root production Root length Maximum Rooting rate  Acclimatization
(no.) per shoot (cm) root length (cm) (%) survival (%)
NS 7.1 =04 1.50 = 0.08 1.82 = 0.09 77.5 £ 5.1 91.7 = 1.7
RnS 72 £ 0.6 1.48 = 0.07 1.90 = 0.09 80.0 =74 95.0 2.9
t-value® -0.392 0.203 -0.578 -0.257 -1.002

NS explants were originated from initially micropropagated normal shoots, whereas RnS explants were
normal shoots recovered from fasciated tissue.

? All parameters analyzed by an independent sample t-test showed no significant difference between the 2
explant types (z-values < table value #0.052, n-2)).
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Figure 7. Prunus campanulata Maxim. plantlets recovered from fasciated shoot tissue. These
plantlets, grown in a greenhouse, exhibited normal phyllotaxy and leaf size. Scale bar = 15 cm.
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