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ABSTRACT

Hydrangea bretschneideri Dipp is a highly popular ornamental plant for garden decoration. Genetic engineering
technology has been successfully used in many plant species, but it is limited in Hydrangea. Here we established
an efficient regeneration system by using stem segments as explants for the first time. In our study, the plant
growth regulators (PGRs) were evaluated at the different regeneration processes, including axillary shoots regen-
eration and root induction. We found that the optimal concentration for axillary buds’ induction was 2.0 mgL−1

6-BA and 0.5 mgL−11 IAA, its highest induction rate was 70%. Moreover, the highest axillary shoots proliferation
coefficient was 10.7 on the Murashige and Skoog (MS) medium with 2.0 mgL−1 6-benzyladenine (BA), 0.2 mgL−1

indole-3-butyric acid (IBA), and 1.0 mgL−1 gibberellin A3 (GA3). The highest frequency of root induction was
80.0 ± 0.06% by culturing the elongated shoots in 1/2 MS medium containing 0.1 mgL−1 IBA. In summary,
our study will provide an effective technology for large-scale propagation and important pathway for promoting
the popularization and application of Hydrangea bretschneideri Dipp.
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1 Introduction

Native from Southern and Eastern Asia, and North and South America, the Hydrangea genus contains
about 75 species [1]. Members of the Hydrangea genus, which are highly popular as ornamental plants for
garden decoration, are now commercially produced for the cutting of flower branches, due to the red, mauve,
purple, violet, and blue colors of their sepals [2]. TheHydrangea bretschneideriDipp species is a shrub about
1-3m tall, with small-toothed dark green leaves on stiff-erected stems and medium-size flower heads,
distributing along riversides and forest edges. The strong adaptability and resistance of these plants, with
flowering times ranging from early spring to late fall, makes them good prospects with wide applications
and a promising economic development in China.

Breeding programs inHydrangea usually have specific goals depending on how the specific species will
be used. The flowering traits, stem strength and durability are always considered as a priority in Hydrangea
breeding programs [3,4]. Hydrangea are vegetatively propagated crop; however, as each cultivar possesses a
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specific genotype, several seedlings exhibit variability in its regeneration process, and do not always produce
the desired characteristics or morphology [5,6]. Therefore, the clonal reproduction method is the best way for
the commercial propagation of Hydrangeamembers. In recent years, plant tissue culture techniques have been
widely used as viable tools for mass propagation and germplasm conservation of various economic important
plants [7], including several genotypes of H. heteromalla (“Snow Cap”) and H. petiolaris [8,9]. Many tissues
like stem tips, stem segments, petioles and leaves have been used as explants for tissue culture [10–12].

Despite advances with many Hydrangea species, there is still a need for the optimization of tissue
culture protocols in the Hydrangea genus. For example, a previous study indicated that thidiazuron
(TDZ) plays an important role in the in vitro shoot proliferation of Hydrangea [13]; however, it is
necessary to find cheaper PGR alternatives, considering the costs of TDZ.

With respect to H. bretschneideri Dipp, as far as it has been investigated, there is not an effective
protocol reporting its efficient tissue culture propagation. Thus, the objective of the present study was to
establish, for the first time, an efficient reproductive protocol for this important species, by modification
of the culture media. As a result, an efficient and reproducible protocol for the regeneration of
H. bretschneideri Dipp using in vitro tissue culture techniques was successfully established. This protocol
constitutes the basis for the future optimization of the regeneration protocols, as well as for attempting the
genetic manipulation of this species.

2 Material and Methods

2.1 Plant Regeneration System of Hydrangea bretschneideri Dipp
To obtain an efficient plant regeneration system of Hydrangea bretschneideri Dipp, stem segments from

one-year-old plants were used as explants, and different plant growth regulators (PGR) to induce the
production of axillary buds, proliferation of axillary shoots and elongation of regenerated shoots, were
evaluated. The regenerated shoots were induced to produce root, and the well-rooted plantlets were
cultivated and acclimatized to environmental conditions to obtain the plants.

2.2 Plant Material and Explant Preparation
Healthy stem segments from one-year-old H. bretschneideri Dipp plants were collected from Daqing

Mountain, Hohhot, Inner Mongolia, China. Stem segments were washed and put into clean glass bottles
and added with two drops of Tween 2.0. The bottles were sealed with gauze and explants were rinsed
with running water for 30–50 min. The rinsed stems were surface sterilized with 75% ethanol for 30 s,
followed by 0.1% (w/v) aqueous solution of mercuric chloride for 8 min, and then washed with sterilized
water 5–7 times under aseptic conditions. Finally, the sterilized explants were cut into 0.5–1.0 cm length
stem segments with 1–2 axillary buds.

2.3 Induction of Axillary Buds
The disinfected stem segments were placed into culture bottles containing induction medium, consisting

in MS basal medium supplemented with different concentrations of 6-BA (0, 1.5, 2.0, and 2.5 mgL−1) and
IAA (0, 0.1, 0.5, and 1.0 mgL−1). The stem segments were then incubated under a light intensity of 60–70
µmol(m2s)−1 in a 16 h light/8 h dark photoperiod at 28 ± 2°C. The time for neonatal axillary buds’ initiation
(days after planting), and the induction percentage after 30 days [(the number of plants generating axillary
buds/number of inoculated plants) ×100], were measured. Each treatment consisted in 10 bottles inoculated
with one explant each. All experiments were repeated at least three times.

2.4 Proliferation of Axillary Shoots
For proliferation of axillary shoots, the induced axillary buds were inoculated in MS, B5, 1/2 MS or

1/4 MS basic media, each supplemented with 6-BA (0, 2.0 and 2.5 mg mL−1), IBA (0, 0.1, 0.2 and
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0.5 mgL−1), and GA3 (0, 0.5, 1.0 and 1.5 mgL−1). The initial time of bud proliferation and the proliferation
coefficient (the number of new generated axillary bud plants/the number of inoculated plants containing one
axillary bud) were recorded at 30 days after inoculation. The axillary buds were then incubated under a light
intensity of 60–70 µmol(m2s)−1 in a 16 h light/8 h dark photoperiod at 28 ± 2°C. Each treatment consisted in
10 bottles inoculated with one explant each. All experiments were repeated at least three times.

2.5 Elongation of Regenerated Shoots
The growth of axillary shoots was evaluated by incubation of proliferated axillary buds (clusters of 4 or

5 axillary shoots) in MS basic medium supplemented with different combinations of 6-BA (0, 0.3 and 0.
5 mgL−1) and IBA (0, 0.1, 0.2 and 0.3 mgL−1), respectively. The proliferated axillary buds were then
incubated under a light intensity of 60–70 µmol(m2s)−1 in a 16 h light/8 h dark photoperiod at 28 ± 2°C.
Each treatment consisted in 10 bottles inoculated with one explant each. All experiments were repeated at
least three times. After 30 days, the average seedling height and axillary shoots growth were calculated.

2.6 Root Induction
For root induction, the elongated shoots (5 cm length) were excised and transferred into 1/2 MS medium

containing different concentrations of IBA (0, 0.1, 0.3 and 0.5 mgL−1) and NAA (0, 0.1, 0.3 and 0.5 mgL−1).
All the plants were kept in a greenhouse with high relative humidity at (25 ± 2)°C under a 16h light/ 8h dark
photoperiod for 4 weeks. Rooting rate [(the number of rooting plants/Number of inoculated plants) × 100%]
and number of roots were recorded for each treatment.

2.7 Acclimatization and Transplanting
Well-rooted plantlets were transferred to plastic boxes containing sterile perlite. Glasses were covered

with a transparent plastic to maintain a humidity of 90% for two weeks. Subsequently, the plastic boxes
were opened occasionally to acclimatize the plantlets to lower humidity conditions. Plantlets were
occasionally watered. Two weeks later, growing of acclimatized plantlets were continued under
greenhouse conditions.

2.8 Statistical Analysis
All the experiments in this study were repeated at least three times. The Spss software was used for

variance analysis. The data were analyzed with one-way ANOVA to calculate statistical significance and
the Duncan’s new multiple range test was used for comparison among treatment means

3 Results

3.1 Induction of Axillary Bud Development
For a rapid in vitro clonal propagation of Hydrangea bretschneideri Dipp, the one-year-old young stem

segments were collected as explants and cultured on the axillary bud induction MS medium (Fig. 1A–1C).
Numerous axillary buds could be observed at the cut site after one week (Fig. 1B). But its induction
efficiency was very low. To improve the induction efficiency, various combinations of cytokinin and
auxin were supplemented. In the axillary bud induction, we evaluated the single factor of 6-BA and IAA
respectively. Analysis results showed that the inducted axillary buds were green and growth well in
2.0 mgL−1 6-BA medium. When 6-BA was increased to 2.5 mgL−1, its induction frequency was
conversely decreased at the medium IM7-IM10. The similar inhibitory effect also was observed in 6-BA
less than the optimal concentrations 2.0 mgL−1 at IM2-IM4. Therefore, 2.0 mgL−1 6-BA was the best for
the axillary bud induction. In addition, we found that the highest induction percentage was obtained when
the 0.5 mgL−1 IAA was added. Lower (0.1 mgL−1) and higher (1.0 mgL−1) concentrations of IAA will
lead to the abnormal leaves and slow growth of seedlings. Therefore, the intermediate concentration of
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6-BA (2.0 mgL−1) and IAA (0.5 mgL−1) (IM6) was the best for axillary bud induction (Tab. 1). The highest
induction rate reached up to 70.0 ± 0.58% (Tab. 1).

Figure 1: Plantlet regeneration from stem segment of Hydrangea bretschneideri Dipp. (A) a stem segment
explants for adventitious bud induction. Bar: 0.1 cm; (B) adventitious buds induced from stem segment
explants. Bar: 0.5 cm; (C) adventitious buds grew after 10 days. Bar: 0.3 cm; (D) adventitious bud
proliferation at four weeks. Bar: 0.5 cm

Table 1: Effect of different plant growth regulators for induction of axillary buds

Codes 6-BA/(mgL−1) IAA/(mgL−1) Induction rate (%)

IM1 – – 0d

IM2 1.5 0.1 53.3 ± 0.33abc

IM3 1.5 0.5 56.7 ± 0.88abc

IM4 1.5 1.0 46.67 ± 0.67bc

IM5 2.0 0.1 66.7 ± 0.33ab

IM6 2.0 0.5 70.0 ± 0.58a

IM7 2.0 1.0 56.7 ± 0.67abc

IM8 2.5 0.1 43.3 ± 0.88abc

IM9 2.5 0.5 53.3 ± 0.88abc

IM10 2.5 1.0 46.7 ± 0.33abc
Note: Each value represents the mean ± SE of 3 independent experiments with 10
explants per treatment. Data having the different letters were significantly differed by
Duncan’s multiple comparison test (P < 0.05), the same letter in a column were not
significantly differed.
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3.2 Proliferation of Axillary Shoots
3.2.1 Effects of Different 6-BA, IBA and GA3 on the Proliferation of Axillary Buds

The induced axillary shoots quickly proliferated at the shoot tips of explants after transferred to the
proliferation medium with 6-BA and IBA (PM2-PM4) (Fig. 1D). But their proliferation coefficient was
very low. The statistical results showed that the best group was PM3 that its proliferation coefficient was
3.9 ± 0.03 (Tab. 2). To improve the proliferation efficiency, GA3 was added into the PM3. We found that
the optimal concentration of GA3 was 1.0 mg/L, its proliferation coefficient was 10.7 ± 0.45. But its
concentration should not be higher than 1.0 mg/L. To further improve the proliferation efficiency, we
supplemented the 6-BA and IBA on the basis of 1.0 mg/L GA3 (PM8-PM9). When only 6-BA was
increased to 2.5 mg/L, the proliferation rate was decreased to 7.5 ± 0.20 with abnormal leaves bulging.
Consistently, their proliferation coefficient was also decreased to 8.8 ± 0.33, when only changed the
concentration of IBA. IBA was a larger positive effect on leaves morphology, most of leaves were green
and normal morphology at 0.1~0.2 mgL−1 IBA, but excessive IBA (0.5 mgL−1) lead to most leaves’
morphology becoming abnormal with jagged edges. Combined with the above factors, our results
confirmed that the positive effect PGRs combination was 6-BA 2.0 mgL−1, IBA 0.2 mgL−1, GA3
1.0 mgL−1 (PM6) in axillary shoots proliferation. The maximum proliferation coefficient was 10.7 ± 0.45.

3.2.2 Effect of Different Basic Medium on Proliferation of Axillary Buds
To further improve the efficient of proliferation, we also tested several basal mediums, including MS,

1/2 MS, 1/4MS and B5 (Figs. 2A–2D). On MS medium, axillary shoots began to grow after five days
and rapidly proliferated after three weeks (Figs. 2A–2D). Subsequently, they were rapidly developed to
green leaves after 25 to 30 days (Fig. 3A). Their proliferation coefficient was 10.7. In the other medium,
the axillary shoots grow slowly after two weeks. They also began to rapidly proliferate after three weeks,
subsequently (Fig. 2B). But their leaves gradually become yellow-green with rooting in 1/4 MS and
B5 medium (Figs. 2C, 2D). The growth condition of axillary shoots was unhealthy with partial death, and
its multiplication coefficient was only 1.6 and 3.3, respectively (Tab. 3). Therefore, MS was the best
basal culture medium for axillary shoots proliferation.

Table 2: Effects of different 6-BA, IBA and GA3 on proliferation of axillary buds

Codes 6-BA/(mgL−1) IBA/(mgL1) GA3/(mgL−1) Proliferation coefficient

PM1 – – – 0d

PM2 2.0 0.1 – 2.7 ± 0.10c

PM3 2.0 0.2 – 3.9 ± 0.03a

PM4 2.0 0.5 – 3.2 ± 0.03b

PM5 2.0 0.2 0.5 8.6 ± 0.23b

PM6 2.0 0.2 1.0 10.7 ± 0.45a

PM7 2.0 0.2 1.5 7.5 ± 0.22cdef

PM8 2.5 0.2 1.0 7.5 ± 0.20cdef

PM9 2.0 0.5 1.0 8.8 ± 0.33b
Note: Each value represents the mean ± SE of 3 independent experiments with 10 explants per treatment. Data having the
different letters were significantly differed by Duncan’s multiple comparison test (P < 0.05), the same letter in a column
were not significantly differed.
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Figure 2: Effects of different basic culture medium on the adventitious bud proliferation. (A–D) the
proliferation of adventitious bud in different basic culture medium MS (A), B5 (B), 1/2 MS (C), 1/4 MS
(D). Bar: 1.0 cm

Figure 3: Rooting and plantlets acclimatization of Hydrangea bretschneideri Dipp. (A) Emerged root form
shoots after two weeks; (B) Emerged root at 4 weeks. Bar: 0.5 cm; (C) regenerated plantlet in vitro at 4 weeks
after rooting. Bar: 1.0 cm; (D) hardened plants. Bar: 1.5 cm
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3.3 Elongation of Regenerated Shoots
Among the elongation of regenerated shoots, we tested several elongation mediums (Tab. 4). Statistical

results showed that the proliferated adventitious shoots grew normally, but they were weak and shoot length
was only 2.2 ± 0.02 cm without adding any plant growth regulators. Then, we combined the different
concentrations of 6-BA and IBA for promoting their elongation (Tab. 4). We found that the regenerated
shoot’s length was positively correlated with the concentration of 6-BA, the shoots grew taller with green
color. When different concentrations of IBA was supplemented with 0.3 mgL−11 6-BA at the same time,
the maximum shoot length was 3.2 ± 0.09 at EM5 with 0.2 mgL−1 IBA. Lower and higher concentrations
of IBA both showed inhibitory effects, their shoot length was 3.0 ± 0.07 and 2.9 ± 0.06, respectively.
When 6-BA was up to 0.5 mgL−1, although shoot length was between 2.7 and 3.0 cm with increasing of
IBA from 0.1 to 0.3 mgL−1, the overall seedlings were short than other groups. Taken all these factors
into consideration, the optimal shoots elongation PGRs combination was 0.3 mgL−1–1 6-BA and
0.2 mgL−1 IBA (EM5). The seedlings elongation length was 3. 2 ± 0.09 cm.

3.4 Root Induction of Regenerated Plantlets
For root induction and its development in regenerated shoots, 1/2 MS media supplemented with various

concentrations of NAA and IBAwere evaluated. Both PGRs (NAA and IBA) could induce the root produce
(Figs. 3A–3C), but all the rooting initial time of IBAwas earlier than NAA (Tab. 5). The highest percentage
of rooting was 80% and the longest roots length were 4.1 cm at the RIM2 with 0.1 mgL−1 IBA (Tab. 5). On

Table 3: Effect of different basic medium on proliferation of axillary buds

Culture Proliferation time/day Proliferation coefficient

MS 7 10.7 ± 0.45a

B5 25 3.3 ± 0.12c

1/2MS 21 4.1 ± 0.58b

1/4MS 32 1.6 ± 0.12d
Note: Each value represents the mean ± SE of 3 independent experiments with 10 explants per
treatment. Data having the different letters were significantly differed by Duncan’s multiple
comparison test (p < 0.05), the same letter in a column were not significantly differed.

Table 4: Effect in different 6-BA and IBA on elongation of shoots

Codes 6-BA/(mgL-1) IBA/(mgL-1) Shoot length/cm

EM1 – – 2.2 ± 0.02g

EM2 – 0.2 2.2 ± 0.09g

EM3 0.3 – 2.1 ± 0.04a

EM4 0.3 0.1 3.0 ± 0.07ab

EM5 0.3 0.2 3.2 ± 0.09a

EM6 0.3 0.3 2.9 ± 0.06abc

EM7 0.5 0.1 2.9 ± 0.07abc

EM8 0.5 0.2 3.0 ± 0.06a

EM9 0.5 0.3 2.7 ± 0.09bcd
Note: Each value represents the mean ± SE of 3 independent experiments with 10 explants per treatment. Data
having the different letters were significantly differed by Duncan’s multiple comparison test (p < 0.05), the same
letter in a column were not significantly differed.

Phyton, 2021, vol.90, no.2 601



the contrary, the initial time of rooting was delayed; the roots gradually become shorter and growth slower;
the number of lateral roots were decreased with increasing of IBA. Similar to IBA, each concentration of
NAA also could induce plant rooting. The highest percentage of rooting was 63% and the longest roots
was 3.2 cm. However, the callus was generated with the increasing of NAA. Formed callus could induce
the roots generation and inhibit the root growth. Its roots were short and thick; a few of the lateral roots
were induced. Therefore, IBA was better than NAA for root induction.

3.5 Plantlets Hardening and Acclimatization
Rooted plantlets were transferred into a soilless mixture containing sterile perlite and irrigated regularly

with 1/2 MS salt-solution and tap water. They were successfully acclimatized in greenhouse after growing for
a period of time. The acclimatized plants did not show any visible variations from the mother plants
(Fig. 3D). However, its survival rate was only 66.7%. We suspected that Hydrangea bretschneideri Dipp
plants perhaps need some special conditions for acclimatization. It is necessary to improve the cultivation
environment for increasing the survival rate in further studies.

4 Discussion

4.1 Shoot Regeneration and Development from Stem Segments Explants
It is known that the balance between cytokinin and auxin determines the fate of regenerating tissues and

organs: lower auxin/cytokinin ratio triggers shoot regeneration, but higher ratio results in root regeneration
[14]. In our study, we found that 2.0 mgL−1 6-BA is significantly positive on axillary bud induction. It is
likely that 6-BA directly interacts with endogenous auxin to promote the axillary shoots regeneration
[15]. In addition, exogenous supplement of 0.5 mgL−1 IAA also improves the induction rate; the shoots
are green and growth healthy. However, excessive addition of IAA will greatly decrease shoots
regeneration. The reason perhaps that high concentration of auxin directly inhibits shoot organogenesis
but triggers somatic embryogenesis [16].

In the early stage of proliferation, although high concentrations of cytokinin improves the proliferation
coefficient, the proliferated buds are small and weak, which is not conducive to the production of roots and
reduced the survival rate in later plantlets’ hardening and acclimatization. We used lower concentrations of 6-
BA and IBA combination. Moreover, we found that exogenous supplements of GA3 in MS medium with 6-
BA and IBA is beneficial for shoots’ proliferation. Therefore, the optimal concentration of PGRs (2.0 mgL−1

6-BA, 0.2 mgL−1 IBA, and 1.0 mgL−1 GA3) in MS medium play an important role in proliferation of
Hydrangea bretschneideri Dipp. In addition, 6-BA (0.3 mgL−1) and (IBA 0.1 mgL−1) reduces the costs

Table 5: Effect of difference plant growth regulators combinations on root induction

Codes NAA/(mgL–1) IBA/(mgL–1) Rooting rate/% Root Number Initial Times/d

RIM1 – – 0d 0 0d

RIM2 – 0.1 80.0 ± 0.06a 4.1 8d

RIM3 – 0.3 63.3 ± 0.07ab 3.7 8d

RIM4 – 0.5 60.0 ± 0.06abc 3.3 8d

RIM5 0.1 – 63.3 ± 0.03ab 2.4 15d

RIM6 0.3 – 60.0 ± 0.06abc 3.2 15d

RIM7 0.5 – 53.3 ± 0.09bc 2.6 13d
Note: Each value represents the mean ± SE of 3 independent experiments with 10 explants per treatment. Data having the
different letters were significantly differed by Duncan’s multiple comparison test (p < 0.05), the same letter in a column
were not significantly differed.
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and shorten cultivation times at the elongation of regenerated shoots. They are beneficial for promoting the
application and industrialization of Hydrangea bretschneideri Dipp.

4.2 Rooting of the Regenerated Shoots and Plantlets Acclimatization
Auxin also plays a pivotal role in de novo root formation [17,18]. Previous studies indicated that the

YUC4, an auxin biosynthesis gene, was expressed within 4 h after excision in mesophyll cells distant
from wound sites. The elevated expression of YUC will lead to the maximum auxin response in the same
region within the next two days [17]. In addition, WOX transcription factor family promotes a process
known as first-step cell fate transition during root regeneration [18,19]. For example, WOX11/12 activate
WOX5/WOX7 that results in converting the root founder cells into root primordia [18,20]. In turn, WOX11
directly upregulates the expression of LATERAL ORGAN BOUNDARIES DOMAIN 16 (LBD16) to
regulate root meristem initiation, root regeneration and lateral root formation near wound sites [19].
Exogenous application of auxin (IBA and NAA) enhances regenerative responses of root in vitro via the
above signal transduction process. In our study, IBA is better than NAA in root induction. With the
increase of IBA, the root’s initial time is earlier and the rooting rate is higher. Afterwards, roots gradually
grow faster and better overall. But exogenous application of NAA could promote more callus at the base
of explants, the roots are short with fewer lateral roots. Therefore, the best rooting medium is 1/2 MS
with 0.1 mgL−1 IBA. However, the reason why IBA rather than NAA promotes root formation remains
unknown. Its molecular mechanisms still need to be further studied in Hydrangea bretschneideri Dipp
issue culture system.
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