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Abstract

Tissue culture technology, as an efficient method for plant propagation, holds significant importance for the development and promotion of new cultivars.
In this study, we established an efficient tissue culture system for two newly bred hybrid Primulina cultivars: Primulina 'Spring of Beilin' and Primulina 'POP
Corn', using leaf explants. The system included explant sterilization, adventitious bud differentiation, shoot proliferation, rooting, and transplantation. The
results demonstrated that the optimal tissue culture system for Primulina 'Spring of Beilin' was as follows: explants were sterilized with 75% ethanol followed
by disinfection in 2% NaClO solution for 3 min, achieving a survival rate of 95.57%. The optimal induction medium for adventitious bud differentiation and
shoot proliferation was MS + NAA 0.1 mg/L + 6-BA 0.5 mg/L, resulting in an induction rate of 95.59% and a propagation coefficient of 14.33. The best rooting
medium was 1/2 MS without plant growth regulators, with a transplant survival rate of 100%. For Primulina 'POP Corn', explants were sterilized with 75%
ethanol and disinfected in 2% NaClO solution for 6 min, resulting in a survival rate of 88.89%. The optimal induction medium for adventitious bud
differentiation and shoot proliferation was MS + NAA 0.1 mg/L + 6-BA 1 mg/L, achieving a 100% induction rate and a propagation coefficient of 17.33. The
optimal rooting medium was 1/2 MS + IBA 1 mg/L, with a transplant survival rate of 100%. This study established efficient tissue culture systems for two
hybrid Primulina cultivars, directly inducing adventitious buds without callus formation, and shortening propagation cycles. Using ethanol and NaClO for
sterilization showed simplicity and non-toxicity for large-scale production, supporting large-scale propagation, and commercialization of Primulina cultivars.
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Introduction

China's floral industry has experienced rapid development over
the past four decades, achieving significant accomplishments.
However, the sector still heavily relies on imported germplasm
resources. Therefore, the development of indigenous new floral cul-
tivars is essential for the industrialization and autonomy of China's
floral sector. Primulina, native to China, is one of the country's
unique floral resources. Primulina species exhibit remarkable floral
diversity in both coloration and morphology, with prolonged flo-
wering periods and some cultivars capable of blooming multiple
times annually. Several species feature distinctive white-variegated
foliage. Characterized by shade tolerance, drought resistance, and
ease of cultivation, they possess high horticultural value as indoor
potted plants, representing excellent native floral resources in
Chinal'l, These traits not only establish them as ideal ornamental
plants but also confer significant commercial potential for large-
scale cultivation and market development. Currently, the market
offers rather limited indoor floral options. The commercial Primulina
cultivars that we have independently cultivated possess strong
adaptability and offer both ornamental flowers and foliage, making
them ideal superior alternatives for indoor ornamental plants.

The Gesneriaceae comprises numerous genera, with key repre-
sentatives including Primulina, Chirita, Haberlea, and Saintpaulia.
The genus Primulina (Gesneriaceae) is classified as a nationally pro-
tected wild plant due to its limited distribution, small population
size, and specialized habitat requirementsl?. The genus Primulina
was first established in 1883, initially comprising only a single
species, Primulina tabacum. Through subsequent taxonomic revi-
sions, the genus was expanded to incorporate partial species from
Chirita and Chiritopsis, along with two species from Wentsaiboea. A
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comprehensive revision in 2011 redefined Primulina to encompass
over 130 speciesBl.

Following years of research and taxonomic revisions, Primulina
has emerged as the most species-rich genus within the Gesne-
rioideae subfamily. In recent years, numerous new species have
been discovered in southern Chinal*. Primulina species are distin-
guished by their vibrant flower colors, unique leaf patterns, high
adaptability, and significant ornamental potential, positioning them
as promising candidates for future development and breeding®l.

The propagation of Primulina can be broadly categorized into two
methods: traditional seed propagation and asexual reproduction,
the latter of which includes cutting, division, and tissue culture.
While conventional propagation and cultivation techniques for
Primulina are relatively well-established, they often result in issues
such as trait segregation, low efficiency, and inconsistent offspring
quality, which fail to meet the demands of commercial productionf®l,

In recent years, significant progress has been made in the con-
servation and genetic transformation of Primulina through the
establishment of efficient and stable tissue culture systems. These
systems have been developed via adventitious bud formation, pro-
viding effective theoretical and technical support for the process.
Since Kukulczanda & Suszynska first demonstrated the strong rege-
nerative capacity of African violet leaf explantsl”), tissue culture
research on Gesneriaceae plants has expanded globally. Research
on tissue culture techniques of Primulina in China can be traced
back to early studies on Chirita species. Huang first established a
tissue culture system for Chirita tribracteata (now Primulina tribrac-
teata), marking the beginning of domestic research in this field®!.
Subsequently, Liang optimized tissue culture protocols for two
former Chirita species—Chirita fimbrisepala (now Primulina fimbri-
sepala) and Chirita pungentisepala (now Primulina pungentisepala)!®l.
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Although these studies were initially conducted under the tradi-
tional taxonomic system, their technical achievements remain inte-
gral to the early biotechnological research of Primulina following the
taxonomic revision in 2011. To date, approximately 30 species of
Primulina have been successfully cultured in vitro, including domes-
tic species such as Chirita eburnean9, Chirita fimbrisepala®, and
Chirita tribracteatal'], as well as international species like Primulina
tamiana?, Primulina tabacumU3), and Primulina dryasU'*. These
studies provide a scientific basis for the conservation of wild
Primulina resources.

Tissue culture techniques for Primulina plants have made signifi-
cant progress. However, most studies, both domestically and inter-
nationally, have primarily focused on establishing tissue culture
systems for wild germplasm resources of this genus, to provide
effective theoretical and technical support for the conservation and
genetic transformation of Primulinal’3l. In recent years, new cultivars
with high ornamental value and strong ecological adaptability
have been developed, but research on these cultivars remains
scarce. To date, no complete tissue culture system has been
reported for hybrid Primulina cultivars. Currently, traditional propa-
gation methods for Primulina, primarily based on cuttings, domi-
nate commercial production. However, this approach often results
in inconsistent offspring quality and increased disease susceptibility,
making it less suitable for large-scale commercial cultivation. Since
hybrid Primulina cultivars differ from wild species and among them-
selves, with significant genetic variation, the Primulina genus is large
and genetically diverse, which can lead to considerable differences
in propagation methods and efficiency. Therefore, establishing an
effective tissue culture system for hybrid Primulina and applying it
to commercialization is crucial.

The hybrid cultivars Primulina 'Spring of Beilin' and Primulina 'POP
Corn' developed by our research group, are both internationally
registered. Primulina 'Spring of Beilin' is notable as one of the first
hybrid Primulina cultivars to be globally commercialized. The goal of
this study is to establish a rapid propagation system of two hybrid
cultivars. This system aims to develop efficient and high-quality
cultivation and propagation techniques, ultimately enhancing the
production efficiency and quality of new cultivars, and creating
greater economic value.

Materials and methods

Materials

The hybrid cultivars Primulina 'Spring of Beilin' and Primulina 'POP
Corn', both of these plants are diploid organisms. Furthermore, they
are also both internationally registered and characterized by strong
ornamental value and healthy growth, were propagated from 1-
year-old seedlings. These plants were sourced from the greenhouse
of the College of Horticulture, Beijing Forestry University, Daxing
(China) (Fig. 1a, b).

Culture medium and culture conditions

The basic culture media used were MS and 1/2 MS, supple-
mented with different concentrations of NAA, 6-BA, and IBA accor-
ding to the specific cultivation requirements. The media were
further supplemented with 30 g/L sucrose, 6.0 g/L agar, and
adjusted to a pH of 5.8-6.0. After inoculation, the explants were
cultured under controlled conditions at 23 + 2 °C, with a light inten-
sity of 2,000—-3,000 Ix and a photoperiod of 16 h/d.

Surface sterilization of explants

Healthy, pest-free plantlets with young leaves (2—4 cm long) from
the apex of stems were selected. The leaves were first immersed in
1% (v/v) aqueous solution of household detergent (containing
sodium lauryl benzene sulfonate [LAS] and alcohol ethoxylates [AE]
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as main surfactants) for 3—4 min, followed by thorough washing
with running water for 30 min. The explants were then transferred
to a laminar flow hood for sterilization. Initially, the leaves were
immersed in 75% ethanol for 30 s and rinsed three times with sterile
water. They were then sterilized in a 2% NaClO solution for 3—7 min,
with gentle shaking to ensure complete contact with the solution.
After sterilization, the explants were rinsed 3-5 times with sterile
water, and excess moisture was removed using sterile filter paper.
The leaves were then cut into 1 cm X 1 cm pieces and placed onto
different media, with the adaxial side facing up and the abaxial side
facing down. The contamination, browning, and survival rates were
monitored for two weeks. The following parameters were calcu-
lated:

Browning rate (%) = (Number of browned explants/Total inocu-
lated explants) x 100

Contamination rate (%) = (Number of contaminated explants/
Total inoculated explants) x 100

Survival rate (%) = (Number of surviving, non-contaminated, and
non-browned explants/Total inoculated explants) x 100

Screening of induction medium for adventitious buds

MS medium was used as the base, and different concentrations of
NAA (0.1, 0.5, 1.5 mg/L) and 6-BA (0.5, 1.0, 2.0 mg/L) were tested. A
total of 10 media were designed, including a control group (MS
medium without plant growth regulators). Thirty leaf explants were
inoculated on each medium, with three replicates per treatment.
After 30 d of cultivation, the number of explants showing adventi-
tious bud formation was recorded, and the adventitious bud induc-
tion rate was calculated as follows:

Induction rate (%) = (Number of explants forming adventitious
buds/Total number of explants) x 100

Screening of proliferation medium for shoot clusters

The basic culture medium was MS, supplemented with various
concentrations of NAA (0.1, 0.5, 1.5 mg/L) and 6-BA (0.5, 1.0,
2.0 mg/L), resulting in 10 different media, including the control
group (MS medium without plant growth regulators). Explants that
produced adventitious buds were transferred to these media for
proliferation. Thirty adventitious shoots were inoculated per
medium, with three replicates per treatment. After 30 d of cultiva-
tion, the propagation coefficient was calculated as follows:

Propagation coefficient = (Number of new shoots/Number of
inoculated buds)

Rooting culture and transplantation

1/2 MS medium was used as the base for rooting, with different
concentrations of IBA (0.1, 0.5, 1 mg/L) or NAA (0.1, 0.5, 1 mg/L)
added to prepare seven media, including the control group (1/2 MS
medium without plant growth regulators). The proliferated shoots
were then transferred to these rooting media for root induction.
Thirty shoots were inoculated on each medium, with three repli-
cates per treatment. After 30 d of cultivation, root development was

Fig. 1

(@) Primulina 'Spring of Beilin', (b) Primulina 'POP Corn'. Scale
bar=10cm.
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observed, and the number of rooted plants as well as their growth
conditions were recorded. The rooted plantlets were subsequently
transplanted into a substrate composed of peat, perlite, and vermi-
culite (2:1:1, V:V:V) and cultured for 2 weeks. During this period,
survival rates and plant growth were monitored. The rooting rate
and survival rate were calculated as follows:

Rooting rate (%) = (Number of rooted plants/Total number of
inoculated shoots) x 100

Survival rate (%) = (Number of surviving plants/Total trans-
planted plants) x 100

Statistical analysis

Data were processed using Excel 2010 software, and variance
analysis was performed using SPSS 25.0. Duncan's multiple range
test was used for post-hoc comparisons. Lowercase letters indicate
significant differences at p < 0.05.

Results

Surface sterilization of explants

Effect of different sterilization treatment times on the survival
of Primulina 'Spring of Beilin'

The surface sterilization results for Primulina 'Spring of Beilin'
explants (Table 1) indicated that as the treatment time with 2%
NaClO increased, the browning rate gradually increased and the
survival rate gradually decreased. Although no significant diffe-
rences were observed in contamination rates, significant diffe-
rences were found between browning and survival rates at treat-
ment times of 3, 3.5, and 4 min. The best results were obtained with
a 3-min treatment, which resulted in a contamination rate of 4.44%
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and a survival rate of 95.57%. After a 30-s 75% ethanol treatment,
3 min of 2% NaClO sterilization was determined to be the optimal
sterilization protocol for Primulina 'Spring of Beilin' leaf explants.

Effect of different sterilization treatment times on the survival
of Primulina 'POP Corn'

The surface sterilization results for Primulina 'POP Corn' explants
(Table 2) indicated that as the treatment time with 2% NaClO
increased, the browning rate also increased, with the 7-min treat-
ment resulting in significantly higher browning at 23.33%. The
contamination rate was significantly higher after 5 min of treatment
with 2% NaClO, while the lowest contamination rate occurred after
6 min at 7.78%. The highest survival rate of 88.89% was observed
with the 6-min treatment. Therefore, after a 30-s 75% ethanol treat-
ment, 6 min of 2% NaClO sterilization was found to be the optimal
sterilization protocol for Primulina 'POP Corn' leaf explants.

Adventitious bud induction

Effect of NAA and 6-BA combinations on adventitious bud
induction in Primulina 'Spring of Beilin'

Significant differences were observed in the differentiation rates
among the 10 treatments for adventitious bud induction in
Primulina 'Spring of Beilin' (Table 3). Analysis revealed that the C2
treatment achieved a significantly higher differentiation rate of
95.56% compared to the other nine treatments, all of which exhi-
bited rates below 85%. Growth analysis further indicated that the C2
treatment promoted significantly better growth than the others. At
high concentrations of plant growth regulators, explants displayed
yellowing, partial browning, and other adverse effects. The lowest
differentiation rates and the poorest growth were observed in the
C8, €9, and C10 groups, where the NAA concentration was 1.5 mg/L.

Table 1. Effect of different sterilization time on leaves of Primulina 'Spring of Beilin'.

Treatment 75% Ethanol NaClO treatment Explant Browning Contamination Survival
treatment time (s) time (min) number (n) rate (%) rate (%) rate (%)

Al 30 3 30 Oa 444+192b 9557 £1.96 a

A2 30 35 30 17.77 £5.08 b 11.10+190a 71.13+£5.09b

A3 30 4 30 48.90+8.40c 13.33+335a 37.80+10.18 ¢

Values are presented as means + standard error. Different letters indicate significant differences (p < 0.05).

Table 2. Effect of different sterilization time on leaves of Primulina 'POP Corn'.

Treatment 75% Ethanol NaClO treatment Explant Browning Contamination Survival
treatment time (s) time (min) number (n) rate(%) rate (%) rate (%)

B1 30 5 30 1.11+£1.92b 3556+8.39%a 63.33+6.66 b

B2 30 6 30 333+333b 7.78+1.92b 88.89+3.85a

B3 30 7 30 2333+6.67a 10.00+3.33b 66.66 +5.77 b

Values are presented as means + standard error. Different letters indicate significant differences (p < 0.05).

Table 3. Effect of NAA and 6-BA on adventitious bud induction in Primulina 'Spring of Beilin'.

Treatment (r,‘:igﬁ_) (S{gBﬁ_) nfrﬁ)l:pfn) lefgfeng:(:/ej)tlon Growth conditions

Cc1 0 0 30 8.890+385f Poor growth; initial differentiation; small, sparse, yellow-brown; mostly browned

c2 0.1 0.5 30 95.56 +5.09 a Good growth; few undifferentiated; small, dense, green

c3 0.1 1 30 8444 +839b Fair growth; some undifferentiated; small, dense, green; slight browning

Cc4 0.1 2 30 7222+3.85cd  Good growth; partially undifferentiated; small, sparse, yellow-green; some browning
c5 0.5 0.5 30 81.11 +5.09 bc Fair growth; some undifferentiated; small, dense, green; slight browning

c6 0.5 1 30 82.22+839bc  Fair growth; some undifferentiated; small, dense, green; slight browning

c7 0.5 2 30 66.67 +£3.34d Good growth; partially undifferentiated; small, sparse, yellow-green; some browning
c8 1.5 0.5 30 21.11+5.09e Poor growth; initial differentiation; small, sparse, yellow-green; some browning

9 1.5 1 30 10.00 £ 6.67 f Poor growth; initial differentiation; small, sparse, yellow-brown; mostly browned
c10 1.5 2 30 13.33+6.67 ef Poor growth; initial differentiation; small, sparse, yellow-green; some browning

Values are presented as means + standard error. Different letters indicate significant differences (p < 0.05).

Liu et al. Ornamental Plant Research 2025, 5: €023
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Overall, the type and concentration of plant growth regulators
were found to significantly influence both differentiation rates and
growth conditions. Moderate concentrations supported faster and
healthier growth, while higher concentrations showed inhibitory
effects. Under the MS + NAA 0.1 mg/L + 6-BA 0.5 mg/L condition,
the induction rate reached 95.59%, with buds that were small,
dense, and green (Fig. 2a, b).

Effect of NAA and 6-BA combinations on adventitious bud
induction in Primulina 'POP Corn'

Similarly, significant differences were identified in the differentia-
tion rates among the 10 treatments for adventitious bud induction
in Primulina 'POP Corn' (Table 4). Analysis indicated that treatments
D2, D3, and D4 achieved significantly higher differentiation rates
than the remaining treatments, except for D6. Notably, the D3 treat-
ment resulted in a 100% differentiation rate, with all leaves under-
going differentiation. Growth analysis showed that untreated
explants or those subjected to high concentrations of plant growth
regulators exhibited signs of browning and yellowing. In conclusion,
the type and concentration of plant growth regulators added to the
culture medium significantly affected both the differentiation rates

IL: O 3 L 5
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and growth conditions of Primulina 'POP Corn'. Among the groups
treated with 0.1 mg/L NAA, differentiation rates were notably
higher, indicating that this concentration is optimal for adventitious
bud induction in Primulina 'POP Corn'. Under the MS + NAA
0.1 mg/L + 6-BA 1 mg/L condition, the adventitious bud induction
rate reached 100%, producing buds that were small, dense, and exhi-
bited good growth (Fig. 3a, b).

Proliferation of adventitious shoots

Effect of NAA and 6-BA combinations on the proliferation of
Primulina 'Spring of Beilin'

Significant differences were observed in the propagation coeffi-
cients of adventitious shoots in Primulina 'Spring of Beilin' (Table 5).
The propagation coefficient of treatment E2 was significantly higher
than that of all other treatments, except for E1 and E3. The control
treatment E1, which did not contain any plant growth regulators,
showed a higher propagation coefficient compared to the treat-
ments with plant growth regulators, except for E2. This suggests
that plant growth regulators did not significantly promote the
proliferation of adventitious shoots in Primulina 'Spring of Beilin'.

Fig. 2 Tissue culture process of Primulina 'Spring of Beilin'. (a) Adventitious buds on the front side of the leaf. (b) Adventitious buds on the back side of
the leaf. (c) Proliferation of adventitious shoots. (d) Induction of root formation. (e) Condition of the root base. (f) Normal growth of the plant after

transplantation. Scale bar =1 cm.

Table 4. Effect of NAA and 6-BA combinations on adventitious bud induction in Primulina 'POP Corn'.

Treatment (mgﬁ_) (r?;gll-l\_) nfé%gpfn) lef;earteen(t%tlon Growth conditions

D1 0 0 30 36.67 £12.02d Poor growth; initial differentiation; small, sparse buds; yellow-green; partial browning
D2 0.1 0.5 30 96.67 +£3.33ab  Good growth; few undifferentiated; small, dense buds; green

D3 0.1 1 30 100.00+0a  Good growth; complete differentiation; small, dense buds; green

D4 0.1 2 30 96.67 £ 5.77 ab  Good growth; few undifferentiated; small, dense buds; green

D5 0.5 0.5 30 75.56 £5.09c  Good growth; some undifferentiated; small, dense buds; green; slight browning

D6 0.5 1 30 84.44 £839bc Good growth; some undifferentiated; small, dense buds; green; slight browning

D7 0.5 2 30 80.00+12.02c  Good growth; some undifferentiated; small, dense buds; green; slight browning

D8 1.5 0.5 30 53.33+8.82d Good growth; some undifferentiated; small, sparse buds; yellow-green; slight browning
D9 1.5 1 30 4333+6.66de Poor growth; mostly undifferentiated; small, sparse buds; yellow-green; slight browning
D10 1.5 2 30 31.11+£5.09e  Poor growth; initial differentiation; small, sparse buds; yellow-green; slight browning

Values are presented as means + standard error. Different letters indicate significant differences (p < 0.05).
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Fig.3 Primulina 'Spring of Beilin' grown for one year after transplantation. Scale bar = 10 cm.

Table 5. Effect of NAA and 6-BA on proliferation and culture of Primulina 'Spring of Beilin'.
Treatment (nl\wlé/AL) (r?{gBﬁ_) el\)l(t:)rlggtesr (Onf) Pcrggfaﬁgc?éftn Growth conditions
E1 0 0 30 11.33+2.08ab Good growth; green; few roots
E2 0.1 0.5 30 1433 +2.08a Good growth; green; few roots
E3 0.1 1 30 8.00 + 3.00 abc Good growth; green; some rooting
E4 0.1 2 30 5.67+1.53cd Good growth; yellow-green; some exhibited vitrification; few roots
E5 0.5 0.5 30 5.67 +3.06 cd Good growth; green; some roots
E6 0.5 1 30 5.67+2.31cd Good growth; yellow-green; some roots
E7 0.5 2 30 7.33+231bc Good growth; yellow-green; some exhibited vitrification; few roots
E8 1.5 0.5 30 5.67+1.53cd Good growth; yellow-green; some roots
E9 1.5 1 30 6.33 +3.06 bcd Good growth; yellow-green; some exhibited vitrification; some roots
E10 1.5 2 30 3.00+1.00d Poor growth; yellow-green; some exhibited vitrification; few roots

Values are presented as means + standard error. Different letters indicate significant differences (p < 0.05).

Additionally, higher concentrations of NAA, specifically in treat-
ments E8, E9, and E10, exhibited an inhibitory effect. In treatments
E4,E7,andE10,witha6-BAconcentrationof2mg/L,someshootsshowed
vitrification.

These results indicate that neither the concentration of NAA nor
6-BA followed a consistent trend in promoting adventitious shoot
proliferation, and higher concentrations may even inhibit this pro-
cess. This could be attributed to the specific characteristics of the
Primulina genus or the vitrification observed during the prolifera-
tion of Primulina 'Spring of Beilin'. Statistical analysis revealed that
the highest propagation coefficient, 14.33, was obtained under the
lowest concentration of plant growth regulators, with healthy
growth, green shoots, and no vitrification. Therefore, the MS + NAA
0.1 mg/L + 6-BA 0.5 mg/L medium was identified as the optimal
medium for the proliferation of adventitious shoots in Primulina
'Spring of Beilin' (Fig. 2c).

Effect of NAA and 6-BA combinations on the proliferation and
culture of Primulina 'POP Corn'

Significant differences were also found in the propagation coeffi-
cients of adventitious shoots in Primulina 'POP Corn' (Table 6).
Among the treatments, the propagation coefficient in treatment F3
was significantly higher than in all other treatments. In the six media
containing NAA at concentrations of 0.5 and 1.5 mg/L, the propaga-
tion coefficients were lower than that of the control, which did not
contain plant growth regulators. In the media with NAA at 0.1 mg/L,
the propagation coefficient was higher than in the control, but as
the NAA concentration increased, the propagation coefficient gra-
dually decreased. Furthermore, in the three media with NAA
concentrations of 1.5 mg/L, vitrification was observed in the adven-
titious shoots to varying degrees.

These findings suggest that low concentrations of NAA promote
adventitious shoot proliferation in Primulina 'POP Corn', while
higher concentrations inhibit shoot proliferation. Additionally, when
the NAA concentration was held constant, the three treatments
with 6-BA at 2 mg/L exhibited the lowest propagation coefficient,

Liu et al. Ornamental Plant Research 2025, 5: €023

indicating that high concentrations of 6-BA may also inhibit adventi-
tious shoot proliferation in Primulina 'POP Corn'. Statistical analysis
showed that the highest propagation coefficient, 17.33, was obser-
ved in the medium with minimal plant growth regulators, which
exhibited good growth, green shoots, and no vitrification. Therefore,
the MS + NAA 0.1 mg/L + 6-BA 1 mg/L medium was identified as the
optimal medium for adventitious shoot proliferation in Primulina
'POP Corn' (Fig. 3¢).

Rooting culture and transplantation

Effect of different media combinations on rooting and
transplanting of Primulina 'Spring of Beilin'

The rooting and transplanting results for Primulina 'Spring of
Beilin' are shown in Table 7. Treatments G1, G2, G3, G5, and G6 per-
formed well and exhibited significant differences when compared to
G4 and G7. These treatments not only resulted in higher average
root numbers but also achieved 100% rooting success. Analysis of
the individual average root number and rooting rate revealed that
the highest root number was observed in G1, which did not contain
any plant growth regulators. As the concentration of plant growth
regulators increased, the number of roots decreased. In treatments
G4 and G7, which contained IBA and NAA concentrations of 1 mg/L,
both the root number and rooting rate significantly declined, with
some plants failing to root successfully.

Analysis of the transplanting survival rate and growth conditions
showed that the survival rate was significantly lower in G4 and G7,
with weak root systems and partial vitrification. Since no significant
differences were found between treatments with no plant growth
regulators and those with low concentrations of plant growth regu-
lators in terms of survival rates, it was concluded that the best
medium for rooting and healthy plant development in Primulina
'Spring of Beilin' was 1/2 MS medium without plant growth regula-
tors (Fig. 2d—f). One year after transplantation, Primulina 'Spring of
Beilin' are growing well and exhibit uniform growth (Fig. 3).
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Table 6. Effect of NAA and 6-BA on proliferation and culture of Primulina 'POP Corn'

Tissue culture and propagation of hybrid Primulina

Treatment NAA (mg/L)  6-BA (mg/L) g(‘;)’ggtesr (?]f) Pcrgggg:?éﬁ)tn Growth conditions

F1 0 0 30 10.33+1.53 bc Good growth; green; few roots

F2 0.1 0.5 30 11.67+£1.15b Good growth; green; few roots

F3 0.1 1 30 1733+1.53a Good growth; green; most rooted

F4 0.1 2 30 10.67 = 2.08 bc Good growth; green; few roots

F5 0.5 0.5 30 7.67£1.53cd Good growth; green; some roots

F6 0.5 1 30 9.33+3.21 bc Good growth; green; few roots

F7 0.5 2 30 6.00 + 1.00 de Good growth; green; some roots

F8 1.5 0.5 30 4.67 +0.58 ef Good growth; green; some exhibited vitrification; few roots

Fo 1.5 1 30 2.67+1.53f Poor growth; yellow-green; most exhibited vitrification; no roots
F10 1.5 2 30 2.00+1.00f Poor growth; yellow-green; most exhibited vitrification; no roots

Values are presented as means + standard error. Different letters indicate significant differences (p < 0.05).

Table 7. Effects of IBA and NAA concentration on the rooting and transplanting of adventitious buds of Primulina 'Spring of Beilin'.
IBA NAA  Numberof  Average number Average Transplanting -,
Treatment (mg/L) (mg/L) explants(n) of roots per plant rooting rate (%) survival rate (%) Growth conditions
G1 0 0 20 13.03+1.99a 100.00+0a 100.00+0a Strong roots, long; plants grow normally and healthily
G2 0.1 0 20 10.67£231a 100.00+0a 100.00+0a Strong roots, long; plants grow normally and healthily
G3 0.5 0 20 9.70+247a 100.00+0a 100.00+0a Strong roots, long; some plants grow slightly slower
G4 1 0 20 407 +£1.84b 95.00+500a 6333+7.64b Weak roots; some leaves exhibited vitrification, tissue loose
G5 0 0.1 20 1297 £333a 100.00+0a 100.00+0a Strong roots, long; plants grow normally and healthily
G6 0 0.5 20 10.20+2.27 a 100.00+0a 9833+2.89a Strongroots, long; plants grow normally and healthily
G7 0 1 20 460+151b 90.00+5.00b 5333+7.64c Weakroots; some leaves exhibited vitrification, tissue loose

Values are presented as means + standard error. Different letters indicate significant differences (p < 0.05).

Effect of different media combinations on rooting and
transplanting of Primulina 'POP Corn'

The rooting and transplanting results for Primulina 'POP Corn' are
shown in Table 8. Treatments G1, G2, and G5 performed well, with
significant differences compared to the other treatments. These
treatments not only resulted in higher average root numbers but
also achieved 100% rooting success. Analysis of the individual
average root number and rooting rate revealed that the highest
average root number (12.57 roots per plant) was observed in G2. As
the concentration of plant growth regulators increased, the number
of roots decreased. In treatments G4 and G7, which contained IBA
and NAA concentrations of 1 mg/L, both the root numberand the ave-
rage rooting rate significantly declined.

Further analysis of transplanting survival rates and growth condi-
tions showed that the survival rates of treatments G4 and G7 were
significantly lower, with weak root systems and partial vitrification
observed. Based on these results, the optimal medium for rooting
and healthy plant development in Primulina 'POP Corn' was identi-
fied as 1/2 MS + IBA 0.1 mg/L (Fig. 4d—f). One year after transplanta-
tion, Primulina 'POP Corn' are growing well and exhibit uniform
growth (Fig. 5).

Discussion

In this study, sterile culture systems were established for two
hybrid cultivars of Primulina, and the optimal media for adven-
titious bud induction, shoot proliferation, and rooting were identi-
fied to promote healthy plant development. Key factors influencing
rapid propagation were analyzed and summarized, leading to the
proposal of a preliminary protocol for the tissue culture-based mass
propagation of these two Primulina hybrid cultivars, to promote
future large-scale commercial production.

Selection and surface sterilization of explants

In general, 75% ethanol and HgCl, are commonly used for surface
sterilization of explants in Primulina species. However, HgCl,, a
highly toxic heavy metal salt, is damaging to plant material, and
residual HgCl, is difficult to removel'®l. Previous studies on surface
sterilization in Gesneriaceae plants, such as Sinningia speciosa, have
shown that H,0, is less effective as a disinfectant compared to
NaClO and HgCL,U'7.. Therefore, in this study, 75% ethanol and 2%
NaClO were selected as the sterilizing agents for explants of the two
hybrid Primulina cultivars. In this experiment, both sterilizing agents
also achieved satisfactory results, with survival rates exceeding 85%.

Table 8. Effects of IBA and NAA concentration on the rooting and transplanting of adventitious buds of Primulina 'POP Corn'.

Average

testment (5, AR, S no0frons o ERE o Tinng

G1 0 0 20 11.72+1.71a 100.00+0a 100.00+0a  Strong roots, long; plants grow normally and healthily

G2 0.1 0 20 1257 +265a 100.00+0a 100.00+0a  Strong roots, long; plants grow normally and healthily

G3 0.5 0 20 483+211b 7833+7.64a 81.67+10.41b Strongroots, long; some plants with leaf curling, slower growth
G4 1 0 20 033+0.25¢c 2167+764c 833+7.64c Weakroots, short; some leaves exhibited vitrification, tissue loose
G5 0 0.1 20 743 +425ab 83.33+1258a 100.00t0a Strong roots, long; plants grow normally and healthily

G6 0 0.5 20 327+221b 46.67+£2754b 81.67+10.41b Strong roots, long; some plants grow slightly slower

G7 0 1 20 020+0.26¢c 11.67+1258c 6.67+7.64c Weakroots, short; some leaves exhibited vitrification, tissue loose

Values are presented as means + standard error. Different letters indicate significant differences (p < 0.05).
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Fig. 4 Tissue culture process of Primulina 'POP Corn'. (a) Adventitious buds on the front side of the leaf. (b) Adventitious buds on the back side of the
leaf. (c) Proliferation of adventitious shoots. (d) Induction of root formation. (e) Condition of the root base. (f) Normal growth of the plant after

transplantation. Scale bar =1 cm.

Fig.5 Primulina 'POP Corn' grown for one year after transplantation. Scale bar = 10 cm.

Although significant progress has been made in tissue culture
techniques for Primulina species over the past decades, the ethanol-
HgCl, sterilization method remains predominant in disinfection
procedures. Notably, even the most recent studies on Primulina
tissue culture continue to employ HgCl, as the sterilizing agent!'sl,
In this study, we propose for the first time an alternative sterilization
protocol using ethanol-NaCIO combination. From a commercial
perspective, HgCl, poses substantial risks as a highly toxic com-
pound, endangering both operator safety and environmental health
through potential contamination. In contrast, NaClO serves as a non-
toxic, environmentally friendly disinfectant with easier disposal
requirements, better aligning with the safety and sustainability
demands of commercial production. Consequently, our ethanol-
NaClO sterilization strategy not only enhances experimental safety
but also provides technical support for large-scale commercial pro-
pagation of Primulina.

In most studies on tissue culture and rapid propagation of
Primulina species, leaf explants are commonly used, with fewer
studies employing fruits!'?, pedicels!?, stem segments!'?, bracts[2%,
petalst®], or axillary bud-bearing flower pedicels?'l. Overall, leaves
and petioles are commonly used as explants. They can rapidly
induce bud formation under appropriate culture conditions and
have a high regeneration efficiency?2,

Liu et al. Ornamental Plant Research 2025, 5: €023

However, materials that can only be collected during flowering
and fruiting periods cannot support year-round tissue culture work.
Additionally, preliminary experiments showed that the proliferation
rate of leaf explants was higher than that of other types of explants
in the two hybrid Primulina species. Furthermore, the orientation of
leaf explants on the culture medium also affects the proliferation
rate. Research has shown that when the adaxial surface of the leaf is
placed facing upwards, both the induction frequency of adventi-
tious buds and the number of adventitious buds per explant are
significantly higher compared to when the abaxial surface is facing
upwards. Therefore, in this study, we also adopted the method of
placing the adaxial surface upwards(23l.

Therefore, in this study, young leaves from two Primulina culti-
vars were selected as explants, and sterilized by soaking in 75%
ethanol for 30 s, followed by disinfection with 2% NaClO solution.
Significant differences in sterilization times and optimal survival
rates were observed between the two hybrid Primulina cultivars.
Specifically, the optimal survival rate for Primulina 'Spring of Beilin'
was 95.57%, while for Primulina 'POP Corn', it was 88.89%. Moreover,
the optimal NaClO treatment time for Primulina 'Spring of Beilin' was
shorter than that for Primulina 'POP Corn', suggesting that Primulina
'POP Corn' exhibited greater tolerance to NaClO than Primulina
'Spring of Beilin'. This difference may be attributed to variations in
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the texture, thickness, and trichome density of the leaf explants;
Primulina 'POP Corn' leaves are slightly thicker and more densely
covered with trichomes compared to Primulina 'Spring of Beilin'.

Adventitious bud differentiation and proliferation

For the formation and proliferation of adventitious buds, it is
generally believed that meristematic tissue originates from
epidermal cells near the incision, adjacent to the vascular bundles.
Through cell division and differentiation, a cluster of meristematic
cells is formed, which subsequently gives rise to adventitious buds.
In this process, plant growth regulators play a crucial rolel24. In the
tissue culture of Gesneriaceae plants, the most common combina-
tion of plant growth regulators is NAA and 6-BA. In the tissue culture
of Haberlea rhodopensis, it has been found that a combination of
0.2 mg/L 6-BA and 1.0-2.0 mg/L NAA is most effective in inducing
bud differentiation(2°l. In the tissue culture of Saintpaulia ionantha,
it has been found that the supplementation of MS medium with
2.0 mg/L NAA and 1.0 mg/L 6-BA results in the highest number of
sterile or vegetative flower buds regenerated from the surface of
callus tissue derived from explantsi26l. Study on the tissue culture of
Chiritopsis repanda var. guilinensis identified the optimal plant
growth regulator combination for adventitious bud induction as
NAA and 6-BA?7], suggesting that NAA and 6-BA may play a deci-
sive role in the differentiation of adventitious buds in the Primulina
hybrid cultivars. For proliferation culture, a lower ratio of auxin to
cytokinin generally favors the formation of shoots?”. However,
when the concentrations of plant growth regulators, such as NAA
and 6-BA, exceed a certain threshold, adventitious bud formation is
inhibited, and the propagation coefficient decreases. Therefore, the
appropriate ratio of cytokinin to auxin is critical for the successful
proliferation of adventitious buds.

In this study, the effects of different combinations of NAA and 6-
BA on adventitious bud differentiation and proliferation were inves-
tigated. During the adventitious bud induction stage, it was obser-
ved that explants of the two Primulina hybrid cultivars exhibited
high induction rates and good growth when cultured on MS + NAA
0.1 mg/L + 6-BA 0.5 mg/L, and MS + NAA 0.1 mg/L + 6-BA 1 mg/L
media. The resulting buds were small, dense, and healthy, indica-
ting that these two media were optimal for adventitious bud induc-
tion. Both media contained low auxin concentrations and yielded
the best results. The experiment also demonstrated that higher
concentrations of plant growth regulator combinations significantly
decreased the differentiation capacity of adventitious buds. During
the shoot proliferation stage, explants of the two Primulina hybrid
cultivars exhibited the best growth on MS + NAA 0.1 mg/L + 6-BA
1 mg/L, and MS + NAA 0.1 mg/L + 6-BA 0.5 mg/L media, with green
shoots and some rooting observed. However, as the auxin concen-
tration increased, adventitious shoot growth deteriorated, with
yellowing and vitrification observed in some cases. These results
suggest that the two Primulina cultivars responded differently to the
NAA and 6-BA combinations, and even closely related hybrids
within the same genus may exhibit variations in tissue culture and
rapid propagation at different stages. In the tissue culture of
Dayaoshania cotinifolia, it has been found that an appropriate
concentration of 6-BA can effectively induce the formation of
adventitious buds, while a higher concentration leads to the vitrifi-
cation phenomenon of the buds!?8l. Research on Saintpaulia ionan-
tha has revealed its remarkable sensitivity to cytokinins, particularly
6-BA, where concentrations exceeding 1.0 mg/L coupled with an
imbalanced NAA ratio in the culture medium significantly elevate
vitrification rates(?9, A positive correlation was observed between
vitrification percentage and cytokinin concentrations, with 6-BA
demonstrating more pronounced effects than ZT or KT. The

Page8of 11

Tissue culture and propagation of hybrid Primulina

underlying mechanisms may involve either: disruption of the equi-
librium between cell division and differentiation by elevated cyto-
kinin levels, resulting in disorganized proliferation of parenchyma
cell clusters; or endogenous hormonal alterations, particularly
ethylene overproduction, which triggers chlorophyll degradation,
cellular deformation, and subsequent accumulation of fibrous and
vesicular materials within cells, ultimately leading to vitrification
phenomenal®?l, Therefore, vitrification was observed in the high
auxin concentration group during the proliferation stage of
Primulina 'POP Corn', likely due to the excessively high concentra-
tion of 6-BA.

In this study, the propagation coefficient was calculated based on
buds exceeding 0.3 cm in size per cluster, which were sufficiently
developed to grow independently after isolation under sterile
conditions. This methodological criterion may result in slightly lower
propagation coefficients compared to those reported in previous
studies.

Rooting culture and transplantation

The two hybrid Primulina cultivars used in this experiment
showed signs of root formation or partial rooting even during the
shoot proliferation stage. In previously reported rooting protocols
for Primulina species, 1/2 MS medium is commonly used as the basic
medium for root induction, with either minimal or no addition of
plant growth regulators.

In the tissue culture of Lysionotus pauciflorus, adventitious buds
regenerated easily on 1/2 MS medium without any plant growth
regulators, indicating that this medium is suitable for the rooting of
regenerated plantletsi®'l. In the tissue culture of Chirita moonii, 1/2
MS medium was found to be more suitable for adventitious bud
rooting induction than full-strength MS medium. This may be
related to the lower concentration of nutrients in the 1/2 MS
medium, which facilitates the action of rooting hormones[32.,

For Primulina yungfuensis, a rooting culture without plant growth
regulators resulted in the formation of both new adventitious buds
and rooted plantsB3l. In studies on the in vitro culture of Sinningia
speciosa leaves found that a combination of 6-BA and NAA pro-
moted adventitious bud induction and proliferation, while IBA or
NAA facilitated root developmentB4. In the study of Metabriggsia
ovalifolia, it was found that the addition of small amounts of IBA,
NAA, or IAA in 1/2 MS medium could induce the formation of adven-
titious roots within 2 weeks, with no significant differences in roo-
ting effects, indicating that these three auxins have similar effects
on adventitious root inductionB5l, In this experiment, similar results
were observed, with IBA and NAA showing little difference in their
effects on root induction for the two experimental materials.

For Primulina 'Spring of Beilin', the optimal rooting medium was
the basal medium without any plant growth regulators. Although
the optimal rooting medium for Primulina 'POP Corn' was 1/2 MS +
IBA 0.1 mg/L, which contained a small amount of IBA, there was no
significant difference in rooting compared to the control group
without any plant growth regulators. Therefore, it is speculated that
during the rooting phase, the two hybrid Primulina cultivars in this
experiment did not require plant growth regulators. Both cultivars
exhibited robust root systems with long roots, and the transplant
survival rates reached 100%, with the plants growing normally after
transplantation. This may be attributed to the high concentration of
plant growth regulators used in previous cultures, or it could be due
to the intrinsic characteristics of the plants.

Significance and value
Compared to the parental species Chirita fimbrisepala (now
Primulina fimbrisepala) of Primulina 'Spring of Beilin' and Chirita
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pungentisepala (now Primulina pungentisepala) of Primulina 'POP
Corn'™, the tissue culture protocol established in this study is
simpler. In the adventitious bud proliferation process of the parental
species, explants need to differentiate into callus tissue before for-
ming adventitious buds. In contrast, the two hybrid Primulina culti-
vars in this study did not exhibit significant callus formation and
were able to directly form adventitious buds at the wound sitel36l,
This direct bud formation is more efficient than the indirect
regeneration of adventitious buds through callus tissue. The two
parental species required 22 weeks from surface sterilization to
rooted plantlet transplantation’®), whereas the two hybrid cultivars
in this study achieved successful rooting within 12 weeks and could
be transferred to soil conditions between 12-16 weeks.

In the tissue culture of different varieties of Sinningia speciosa,
significant differences were observed in the induction frequency of
adventitious buds and the number of adventitious buds per explant
between the two varieties. This indicates that there are differences
in the adventitious bud induction capacity among different varie-
ties in tissue culture, and the genetic background of the varieties
has an important impact on adventitious bud inductionl?3], Both
hybrid Primulina cultivars in this experiment achieved differentia-
tion rates exceeding 95%, with some groups reaching 100%, much
higher than the differentiation rates observed in the two wild
species. In contrast, the highest adventitious bud differentiation
rates observed in the two parental species were only 80% and
82.22%, respectively, demonstrating significantly lower efficiency
compared to the hybrids.

The experimental results demonstrated that the maximum propa-
gation coefficient of the two hybrid Primulina cultivars reached
14-16, indicating that a single leaf explant could differentiate into
14-16 transplantable plantlets. In contrast, traditional leaf-cutting
propagation yielded a propagation coefficient of only 1-2 and
required the use of outer leaves from healthy mature plants. These
findings confirm that tissue culture exhibits significantly higher
propagation efficiency than conventional leaf-cutting methods.
From a commercial production perspective, although leaf-cutting
propagation is technically simpler, production must be demand-
driven, and reducing the production cycle is critical for improving
profitability. Tissue-cultured plantlets demonstrated notable advan-
tages during transplantation: (1) higher survival rates, (2) faster
scalability to meet large-volume demands, and (3) superior plant
quality and uniformity. Therefore, the application of tissue culture
technology in the commercial production of hybrid Primulina culti-
vars shows considerable potential for development.

This suggests that, despite some phylogenetic similarities within
the Primulina genus, significant differences exist in both the pro-
pagation methods and propagation efficiency. These differences
underscore the importance of developing tissue culture protocols
for different cultivars, especially for newly hybridized cultivars. In the
tissue culture of Saintpaulia spp., it was found that a high propor-
tion of blue flower mutants and other solid color variants were
observed among the progeny produced through tissue culture.
These variants were not observed in leaf-cutting propagation. The
solid color phenotypes were stably inherited in the progeny, indica-
ting that tissue culture can induce somatic variation®7.. Although
this phenomenon has not been observed in this study, a large
number of transplanted seedlings are pending further observation,
which also represents a new research direction. In addition, the
establishment of tissue culture systems is also of great significance
for the conservation of endangered plants. Studies have
demonstrated the application of tissue culture techniques in the
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conservation of the endangered plant Oreocharis mileensel38], The
experimental materials used in this study, as artificially bred culti-
vars, have implications for the protection of many wild species of
the genus Saintpaulia. The establishment of tissue culture systems
for artificially bred cultivars also has significant application value in
large-scale propagation of superior cultivars, germplasm resource
preservation, and pathogen elimination3.,

Conclusions

In this study, an efficient tissue culture system for Primulina
'Spring of Beilin' was established. The optimal protocol involved
sterilizing explants with 75% ethanol for 30 s, followed by disinfec-
tion in a 2% NaClO solution for 3 min. The most effective media for
adventitious bud induction and shoot proliferation were MS + NAA
0.1 mg/L +6-BA 0.5 mg/L.

For Primulina 'POP Corn', the optimal tissue culture system
involved sterilizing explants with 75% ethanol for 30 s and treating
them with 2% NaClO solution for 6 min. The best media for both
adventitious bud induction and shoot proliferation were MS + NAA
0.1 mg/L + 6-BA 1 mg/L.

Both hybrid Primulina cultivars rooted without specific induction,
with rooting occurring during the shoot proliferation stage. When a
change in medium was implemented for rooting induction, the
optimal protocols were 1/2 MS without plant growth regulators for
Primulina 'Spring of Beilin' and 1/2 MS + IBA 1 mg/L for Primulina
'POP Corn', both resulting in 100% rooting success. One year after
transplantation, the uniform group of transplanted seedlings exhi-
bited vigorous growth and stable plant morphology. It is provisio-
nally concluded that the establishment of a tissue culture system for
hybrid Primulina may promote and improve the commercialization
of Primulina. The experimental results demonstrated that although
both hybrid Primulina cultivars could successfully regenerate asep-
tic plantlets using similar culture protocols, they exhibited signifi-
cantly different responses to plant growth regulators in terms of
type specificity, concentration dependence, and combination ratios.
This underscores the necessity of developing individualized culture
systems for distinct hybrid cultivars.

Future research should focus on improving early-stage prolifera-
tion efficiency, shortening the overall cultivation cycle, and enhan-
cing the application of this protocol in commercial production.
Additionally, establishing a genetic transformation system would
contribute significantly to the breeding programs of Primulina
species. Figure 6 depicts a brief description of the entire experimen-
tal process.
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