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Abstract
This study describes in vitro propagation and cryopreservation of Hovenia dulcis, a woody species used in traditional 
medicine. Stem and leaf explants from axenic seedlings were cultivated on Murashige and Skoog (MS) medium containing 
6-benzyladenine (BA) and kinetin (KIN) alone or in combination (0.1, 0.2, 0.5 mg L−1). For in vitro propagation, rates of 
regeneration (percentage of responsive explants) and proliferation (multiplication capacity of explant-derived shoots) were 
evaluated after 30 days and five subcultures, respectively. For cryopreservation by V Cryo-plate technique, shoot tips were 
excised from microcuttings cultured from in vitro-grown stock plants, or excised directly from axillary shoots of stock plants. 
The shoot tips were precultured in 0.3 M sucrose (24 h), exposed to loading (20 min) and to PVS2 (0–150 min) before storage 
in liquid nitrogen. The regrowth was assessed by plating of shoot tips on recovery medium (MS with BA + KIN), with or 
without a sterile filter paper over the culture medium. Cryopreservation was evaluated by survival (4-weeks) and recovery 
(8-weeks). The highest regeneration by direct organogenesis (100%) were reached on medium with BA + KIN (0.5 mg L−1 
each). Shoots maintained multiplication capacity, showing the highest proliferation (87%) in the presence of BA. Shoot 
elongation and rooting were achieved on growth regulator-free MS. The most efficient cryopreservation protocol (68% sur-
vival and 62% recovery) applied exposure to PVS2 (120 min), and recovery on medium containing BA + KIN (0.5 mg L−1 
each) with filter paper. The propagation and cryopreservation of H. dulcis may contribute to its conservation and that of 
other woody species.

Key message 
This study aimed to establish an in vitro propagation methodology and the first cryopreservation protocol for Hovenia dulcis, 
a woody species of commercial, medicinal and nutraceutical values.
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Abbreviations
BA  6-Benzyladenine
KIN  Kinetin
PVS2  Plant Vitrification Solution 2
MS  Murashige and Skoog (1962) Medium

LN  Liquid Nitrogen
V Cryo-plate  Vitrification Cryo-plate technique

Introduction

The use of natural products for disease prevention and health 
care has been described throughout the history of human 
civilization (Dias et al. 2012). Among natural products, 
plants have been the most successful sources of potential 
drugs due to their bioactive compounds produced mainly 
through secondary metabolism (Dar et al. 2017). However, 
owing to the variations in natural growth conditions, these 
compounds are frequently produced in low quantities and 
at a non-homogeneous level. In addition, the harvest can be 
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time-consuming and environmentally damaging. Another 
difficulty for the commercial exploitation of secondary 
metabolites by conventional propagation methods in tree 
species is their slow development (Groover 2017; An 2019).

Consequently, in vitro culture techniques are used as 
alternative for the propagation of plant species, which are 
difficult to raise through conventional methods (Engel-
mann 2011b). In vitro propagation represents an opportu-
nity to obtain plants in large-scale in a reduced space of 
time (An 2019). It also enhances the quality and quantity of 
desired plant metabolites by altering growth factors, such as 
medium, carbon source, and plant growth regulators, thereby 
overcoming the limitations that occur in the natural environ-
ment caused by seasonal and climatic changes (Espinosa-
Leal et al. 2018). Furthermore, plant tissue cultures provide 
new conservation approaches, which contribute to widen-
ing the availability of options for storing plant germplasm 
(González-Arnao et al. 2017).

 In vitro plant collections is an alternative to short-term 
preservation, however, the maintenance of in vitro material 
under active growing can lead to loss by culture contamina-
tion or even occur epigenetic or genetic alterations (Kulus 
et al. 2020). Therefore, once the material is in vitro estab-
lished, it becomes important to apply long-term conserva-
tion approaches to suitable maintenance of the plant genetic 
resources (Wang et al. 2020b). Cryopreservation, the stor-
age of cells, tissues or organs at the ultra-low temperature 
of liquid nitrogen (− 196 °C), is the preferable method for 
the long-term conservation of the biological material. Once 
cryopreserved, samples are stored safely for unlimited peri-
ods due to the interruption of biochemical conditions and 
most physical processes (Engelmann 2011b; Panis 2019).

A range of cryopreservation techniques are now avail-
able for long-term conservation of plant genetic resources, 
such as woody plant germplasm (Lambardi and Shaarawi 
2016; Prudente et al. 2016; Rantala et al. 2019). On the other 
hand, updated information on technical development and 
progress in new cryopreservation procedures is still quite 
limited for forest tree species (Li et al. 2018) as compared 
to those available for agricultural and horticultural crops, 
for example, shallot (Allium cepa var. aggregatum) (Wang 
et al. 2020a), apple (Malus domestica) (Volk et al. 2020) 
and potato (Solanum tuberosum L. ssp. tuberosum) (Kacz-
marczyk et al. 2011).

Hovenia dulcis Thunberg (Rhamnaceae), popularly 
known as Japanese raisin tree, Japanese grape and chicken-
claw pear, is a deciduous tree native to Oriental Asia. The 
species is used in traditional medicine against intestinal 
infections and possess anti-asthmatic, antipyretic, diuretic 
properties, as well as agent to detoxification of alcohol (Lim 
2013). It has been reported that extracts from different parts 
of H. dulcis have shown hepatoprotective (Park et al. 2019), 
antioxidant (Wang et al. 2012), antineoplastic (Morales et al. 

2017), neuroprotective (Li et al. 2005), and antigiardial 
(Gadelha et al. 2005) effects. In addition, extracts obtained 
from in vitro cultures have also shown antioxidant (Ribeiro 
et al. 2015) and antitumor (Castro et al. 2002) properties.

The species H. dulcis was introduced and cultivated in 
several regions of temperate and subtropical areas owing 
to its valuable wood, ornamental features and edible fruits 
(Guidini et al. 2017). Despite its commercial and, mainly, 
medicinal interest, it is considered an invasive species in 
forest ecosystems in South America (Schmidt et al. 2020). In 
Brazil, according to Hendges et al. (2012), it is an invasive 
species, competing with native species for space, light and 
nutrients, thus reducing the availability of these resources. 
These characteristics show the importance of in vitro culti-
vation of the species, allowing its commercial exploitation 
without environmental impacts.

Taking into account these aspects, the present research 
describes a two-step study of in vitro propagation and cryo-
preservation of H. dulcis shoot tips. In the first part, in vitro 
propagation was established, evaluating the regeneration 
rate of different explants from seedlings obtained in vitro, 
as well as the multiplication capacity (proliferation rate) over 
time in culture of explant-derived shoots. In the second part, 
cryopreservation of in vitro propagated plants was estab-
lished by vitrification using aluminium cryo-plates (V Cryo-
plate technique). This long-term conservation technique has 
advantages such as very rapid cooling and warming rates, 
which protect explants from freezing damage (Yamamoto 
et al. 2011). V Cryo-plate has been successfully applied in 
plant cryopreservation, including fruits species such as Fra-
garia x ananassa (Yamamoto et al. 2012), species of genera 
Prunus (Vujović et al. 2015) and Vitis (Bettoni et al. 2019c), 
and medicinal species such as Cleome rosea (Cordeiro et al. 
2015, 2017), Cleome spinosa (Vilardo et al. 2019), Petiveria 
alliacea (Pettinelli et al. 2017, 2020) and Passiflora suberosa 
(Vianna et al. 2019).

Considering the commercial interest in the family Rham-
naceae, this study contributes to biotechnological research 
related to in vitro propagation and long-term conservation 
by V Cryo-plate cryopreservation technique of other woody 
species of commercial, medicinal and nutraceutical impor-
tance, especially those species belonging to the Rhamnaceae 
family.

Materials and Methods

In vitro propagation

Plant material

Ripe fruits of Hovenia dulcis Thunberg were collected 
in Teresópolis, Rio de Janeiro State, Brazil (22°26′23″S 
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42°58′36″W). A voucher specimen (HRJ 1426) was depos-
ited in the Herbarium of Rio de Janeiro State University, 
Rio de Janeiro State, Brazil. The seeds were germinated 
under in vitro conditions according to Castro et al. (2005). 
Briefly, seeds were mechanical scarified with sandpaper 
No. 120 and disinfected in a laminar flow with 5% (w/v) 
sodium hypochlorite (NaOCl) solution and 0.05% Tween 80 
(v/v) for 45 min. Then, seeds were rinsed three times with 
sterile distilled water. The seeds were inoculated in flasks 
(6.0 × 8.0 cm) containing 30 mL of MS medium (Murashige 
and Skoog 1962) devoid of growth regulators (MS0), sup-
plemented with 0.09 M sucrose and solidified with 8 g L−1 
agar (Sigma-Aldrich®). The medium pH was adjusted to 
5.8 prior to autoclaving at 121 °C for 15 min. The flasks 
were maintained in a growth chamber at 26 ± 2 °C and 
16 h photoperiod provided by cool white fluorescent tubes 
(45 µmol m−2 s−1).

Bud induction and shoot regeneration

Forty-day-old seedlings (Castro et al. 2005) from H. dulcis 
were used as source of stem (hypocotyl and epicotyl with 
0.8 cm in length) and leaf (1.0 cm2) explants that were inocu-
lated on MS medium solidified with 8 g L−1 agar and sup-
plemented with 6-benzyladenine (BA) and kinetin (KIN) in 
different concentrations (0, 0.1, 0.2, and 0.5 mg L−1) used 
alone or in combination. The medium pH was adjusted to 
5.8 prior to autoclaving at 121 °C for 15 min. The cultures 
were maintained in flasks (6.0 × 8.0 cm) with 30 mL of 
culture medium that remained in the same physical condi-
tions described above in relation to seed germination. The 
hypocotyl and epicotyl explants were inoculated according 
to organ polarity, and the leaf explants were inoculated with 
their abaxial surface in contact with the culture medium. 
After 30 days in culture, the regeneration rate (percentage of 
explants that induced shoots) and the mean number of shoots 
per explant were evaluated.

Primary explant–derived shoot cultures

Shoots (≥ 0.5 cm in length) obtained from stem explants 
after 30 days in culture were isolated and subcultured onto 
a fresh medium (same composition those used to primary 
explant cultures) at 30-day intervals during five subcultures. 
The percentage of explant-derived shoots with multiplica-
tion capacity (proliferation rate) and the mean number of 
shoots were evaluated after each subculture and represented 
in the results by the average of the five subcultures.

Elongation and rooting

To evaluate the elongation and rooting, shoots (≥ 1.0 cm in 
length) developed after five subcultures, using the in vitro 

propagation protocol defined as the most efficient, were 
transferred to MS0 medium. The cultures were maintained 
for 45 days under the same physical conditions described 
before. After this period, were evaluated the shoot height, 
the number and length of roots and the rooting percentage.

Cryopreservation

Plant material

The in vitro propagated plants established in the first part 
of this study were used as source of shoot tips for cryo-
preservation. The shoot tips were excised from microcut-
tings cultured from the in  vitro-grown stock plants, or 
directly from axillary shoots of stock plants. Microcuttings 
(1.0 cm in length) with one to two nodes with one to two 
nodes were isolated from 60-day-old in vitro stock plants 
and inoculated in culture flasks (6.0 × 8.0 cm) with 30 mL of 
MS0 medium with a density of five microcuttings per flask 
and cultured under the same conditions as the in vitro stock 
cultures. After 3 weeks, the shoot tips (~ 2.0 mm in length) 
were isolated and used in the cryopreservation experiments. 
Shoot tips (~ 2.0 mm in length) isolated directly from in vitro 
propagated plants that showed break of dormancy of axil-
lary buds were also used in cryopreservation. These shoot 
tips were obtained from axillary shoots developed along 
the entire stem, regardless of the bud position. To maintain 
the stock plants, at each 60 days in culture, the apical seg-
ments (1‒2 cm in length) were isolated and transferred to 
fresh medium supplemented with the best combination of 
cytokinins previously established in the in vitro propaga-
tion studies.

Preculture and cryopreservation by V Cryo‑plate technique

The shoot tips were precultured on MS medium supple-
mented with 0.3 M sucrose, 8 g L−1 agar at pH 5.8 on Petri 
dishes (90 × 15 mm) at room temperature (26 ± 2 °C) for 
24 h in darkness. Then, precultured shoot tips were adhered 
to aluminium cryo-plates No. 3 (Niino et  al. 2014). A 
droplet (2 µL) of 3% (w/v) sodium alginate (low viscos-
ity, Sigma-Aldrich® A2158) solution in calcium-free MS 
basal medium (supplemented with 0.09 M sucrose), both 
at pH 5.8, was placed in each well of the cryo-plate,. The 
precultured shoot tips were placed individually into each 
well and covered with a droplet (2 µL) of sodium alginate 
solution, followed by polymerization by the addition of cal-
cium chloride solution (100 mM  CaCl2 in MS medium con-
taining 0.09 M sucrose) on the surface of the cryo-plates. 
After 15 min, at room temperature, polymerization was com-
pleted, and the  CaCl2 solution was removed with a pipette 
and gently tapping the cryo-plates on filter paper. Shoot tips 
adhering to the cryo-plates were treated for 20 min at room 
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temperature with loading solution (0.4 M sucrose and 2.0 M 
glycerol in MS medium; Nishizawa et al. 1993) and then 
exposed to vitrification solution PVS2 (30% [w/v] glycerol, 
15% [w/v] DMSO, 15% [w/v] ethylene glycol, and 0.4 M 
sucrose [13.7% (w/v)] in MS medium; Sakai et al. 1990) at 
0 °C for 0, 15, 30, 60, 90, 120 or 150 min. The cryo-plates 
were transferred to uncapped 2–mL cryovials filled with liq-
uid nitrogen (LN) and maintained in LN for at least 15 min. 
As control, shoot tips were precultured, adhered to the cryo-
plates, and exposed to loading, PVS2, and unloading solu-
tions, but without immersion in LN (− LN). For rewarm-
ing, the cryo-plates were immersed in unloading solution 
(MS medium containing 1.2 M sucrose) for 15 min at room 
temperature.

The shoot tips were removed from the cryo-plates using 
a scalpel blade and transferred to the following recovery 
medium formulations:

1. MS medium solidified with 8 g  L−1 agar and supple-
mented with BA + KIN (0.2 mg  L−1 BA + 0.2 mg  L−1 
KIN or 0.5 mg L−1 BA + 0.5 mg L−1 KIN) at pH 5.8 or.

2. Sterilized filter paper (Whatman nº1) disc laid over MS 
medium solidified with 8 g L−1 agar (to provide a more 
gradual rehydration of the material) supplemented with 
0.5 mg L−1 BA + 0.5 mg L−1 KIN at pH 5.8.

Cultures were maintained for 1 week at 26 ± 2  ºC in 
the dark. They were then transferred to light intensity 
20 µmol m−2 s−1, for 2 weeks, before being exposed to light 
under standard conditions (45 µmol m−2 s−1). The shoot tips 
inoculated on filter paper were transferred to the same cul-
ture conditions, but without filter paper after the dark period.

The solutions used on cryopreservation assays were 
adjusted to pH 5.8. Loading, PVS2 and Unloading solu-
tions were sterilized by filtration using a vacuun filter system 
(Nalgene®). The culture media, sodium alginate solution 
and calcium chloride solution were autoclaved as described 
above.

Figure 1 shows the V Cryo-plate protocol applied to cryo-
preservation of shoot tips of H. dulcis.

Assessment of survival and recovery

The parameters evaluated to determine the efficiency of the 
cryopreservation were: (1) survival (percentage of shoot 
tips presenting green color and early growth) 4 weeks after 
rewarming and (2) recovery (percentage of shoot tips that 
developed into normal shoots ≥ 0.5 cm in length) 8 weeks 
after rewarming. Survival and recovery were expressed 
based on the total number of shoot tips treated. Due to the 
capacity for multi-shooting proliferation observed in the 
in vitro plants of H. dulcis, it was also evaluated the aver-
age number of new shoots produced per recovered plant, 
16 weeks after cryopreservation, was also evaluated.

Statistical analysis

For in vitro propagation assays, 20 explants were used per 
treatment (five explants per flask). To evaluate the elongation 
and rooting steps, the experiment consisted of 50 shoots (five 
shoots per flask). For cryopreservation assays, 10 shoot tips 
per cryo-plate were used per treatment. Data were analyzed 
using the statistical software GraphPad Prism 5 (GraphPad 
Software Inc., San Diego, CA). Statistical analysis was per-
formed using analysis of variance (ANOVA), and the means 
were compared by Tukey test at 5% probability (p ≤ 0.05). 
All assays were performed using three repetitions and the 
results were presented as means ± standard error.

Results

Bud induction and shoot regeneration

Adventitious buds were induced by direct organogenesis 
from stem explants of H. dulcis between the second and third 

Fig. 1  V Cryo-plate protocol 
applied to shoot tips of Hovenia 
dulcis 
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week in culture. The propagation capacity was incremented 
on media supplemented with cytokinins and no morphogenic 
response was obtained from leaf explants.

Regeneration rates from hypocotyl explants did not show 
statistically significant differences for most treatments 
applied, although the highest response did not exceed 35% 
(Table 1). However, explants inoculated on media supple-
mented with the highest concentration of BA (0.5 mg L−1) 
combined with KIN showed bud initiation, but without 
shoot development. Taking into account the mean number 
of shoots per explant, usually the explants maintained in 
the presence of BA alone and on media supplemented with 
0.1 mg L−1 BA combined with KIN reached the highest 
propagation capacity (2.33 ± 0.94) (Table 1).

Epicotyl explants inoculated on media with KIN only did 
not exceed regenerated rates of 15%, while supplementa-
tion with BA only was more effective for bud induction. 
Explants cultivated on medium with 0.1 mg L−1 BA reached 
a regeneration rate of 85% (Table 1). However, the highest 
percentages of epicotyl explants that induced shoots were 
95 and 100% when explants were inoculated on media sup-
plemented with 0.5 mg L−1 BA combined with 0.2 mg L−1 
or 0.5 mg L−1 KIN. Explants maintained on these media also 
reached the highest mean number of shoots per explant (2.06 
and 2.08, respectively) (Table 1).

Proliferation rate from primary explant–derived 
shoots

Newly developed shoots obtained from hypocotyl and 
epicotyl explants maintained their proliferation capac-
ity during five subcultures. Shoots cultivated on media 
supplemented with BA alone or in combination with KIN 
showed the highest proliferation rates as compared to cul-
tures maintained in the presence of KIN alone or MS0 
(Table 2).

The hypocotyl explant-derived shoots showed an 
increase in multiplication capacity as compared to the 
original hypocotyl explants since the proliferation rates 
(Table 2) were higher than the regeneration rates in all 
treatments (Table 1). Moreover, supplementation with BA 
only resulted in higher proliferation rates (70‒87%) when 
compared to shoots cultivated on media with the addition 
of BA and KIN (48‒77%) (Table 2).

Epicotyl explant-derived shoots maintained high mul-
tiplication capacity (Table 2; Fig. 2a). The highest prolif-
eration rate (87%) and mean number of shoots (3.2 ± 0.24) 
occurred in explants inoculated on 0.5 mg L−1 BA together 
with 0.5 mg L−1 KIN. As previously observed for cultures 
initiated with the original epicotyl and hypocotyl explants, 
the epicotyl explant-derived shoots showed higher 

Table 1  Effect of BA and 
KIN on the regeneration rate 
and mean number of shoots 
produced from stem explants 
of H. dulcis, after 30 days in 
culture

Means followed by the same letter in each column are not significantly different by Tukey’s test (p ≤ 0.05)
Data represent mean ± standard error
*Regeneration rate = % of explants that induced shoots
**Mean number of shoots = mean number of shoots per explant

Growth 
regulator 
(mg L− 1)

Hypocotyl Epicotyl

BA KIN Regeneration rate (%)* Mean number of 
shoots/explant**

Regeneration rate (%)* Mean number of 
shoots/explant**

– – 20.0 ± 8.2a 1.00 ± 0.11b 10.0 ± 5.8d 1.00 ± 0.15c

– 0.1 35.0 ± 9.6a 1.13 ± 0.12b 10.0 ± 5.9d 1.00 ± 0.40c

– 0.2 15.0 ± 5.0a 1.33 ± 0.24a 10.0 ± 5.1d 1.00 ± 0.41c

– 0.5 15.0 ± 9.6a 1.25 ± 0.10b 15.0 ± 9.6d 1.25 ± 0.25c

0.1 – 35.0 ± 12.6a 2.22 ± 0.16a 85.0 ± 9.5a 1.00 ± 0.00c

0.1 0.1 20.0 ± 8.2a 2.33 ± 0.94a 85.0 ± 9.6a 1.10 ± 0.05c

0.1 0.2 5.0 ± 3.0b 2.00 ± 0.10a 100.0 ± 0.0a 1.25 ± 0.01c

0.1 0.5 5.0 ± 3.0b 2.00 ± 0.09a 85.0 ± 5.0a 1.73 ± 0.16b

0.2 - 10.0 ± 10.0a 2.00 ± 0.10a 35.0 ± 9.6c 1.56 ± 0.16b

0.2 0.1 30.0 ± 12.9a 1.83 ± 0.31a 80.0 ± 8.2a 1.59 ± 0.16b

0.2 0.2 30.0 ± 17.3a 1.25 ± 0.18b 35.0 ± 12.6c 1.60 ± 0.15b

0.2 0.5 15.0 ± 5.0a 2.33 ± 0.62a 70.0 ± 12.9b 1.61 ± 0.15b

0.5 – 35.0 ± 15.0a 2.22 ± 0.55a 45.0 ± 12.6c 1.46 ± 0.16b

0.5 0.1 0c 0c 45.0 ± 12.6c 1.54 ± 0.21b

0.5 0.2 0c 0c 95.0 ± 5.0a 2.06 ± 0.16a

0.5 0.5 0c 0c 100.0 ± 0.0a 2.08 ± 0.28a
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Table 2  Effect of BA and 
KIN on the proliferation rate 
and mean number of shoots 
produced from primary 
hypocotyl and epicotyl-derived 
shoots of H. dulcis, after five 
multiplication cycles

Means followed by the same letter in each column are not significantly different by Tukey’s test (p ≤ 0.05)
*Proliferation rate = % of explant-derived shoots with multiplication capacity. Data represent 
mean ± standard error of the five subcultures
**Mean number of shoots = mean number of shoots per explant-derived shoot. Data represent 
mean ± standard error of the five subcultures
(–) = data not obtained due to no development of shoots from hypocotyl explants in shoot regeneration 
assays

Growth regula-
tor (mg  L−1)

Hypocotyl Epicotyl

BA KIN Proliferation rate (%)* Mean number of 
shoots**

Proliferation rate (%)* Mean number 
of shoots**

– – 35.0 ± 8.1d 1.45 ± 0.14c 40.0 ± 5.7d 1.83 ± 0.11c

– 0.1 45.0 ± 4.5c 1.33 ± 0.08c 40.0 ± 4.5d 1.72 ± 0.09c

– 0.2 43.0 ± 6.4c 1.81 ± 0.14b 40.0 ± 3.9d 1.54 ± 0.11d

– 0.5 65.0 ± 7.2b 1.91 ± 0.27b 47.0 ± 3.0d 1.74 ± 0.13c

0.1 – 87.0 ± 4.1a 2.69 ± 0.23a 82.0 ± 7.2a 2.87 ± 0.55a

0.1 0.1 77.0 ± 10.9a 2.70 ± 0.40a 80.0 ± 7.2a 2,87 ± 0,61a

0.1 0.2 48.0 ± 7.3c 1.86 ± 0.19b 57.0 ± 14.5c 2.06 ± 0.21b

0.1 0.5 54.0 ± 11.3b 2.44 ± 0.43a 57.0 ± 10.1c 2.47 ± 0.37b

0.2 – 70.0 ± 9.6a 2.38 ± 0.14a 68.0 ± 7.5b 2.06 ± 0.30b

0.2 0.1 61.0 ± 13.0b 2.45 ± 0.16a 65.0 ± 5.2c 2.01 ± 0.33b

0.2 0.2 68.0 ± 11.8b 2.70 ± 0.24a 62.0 ± 3.0c 2.21 ± 0.44b

0.2 0.5 69.0 ± 7.0b 2.15 ± 0.28a 69.0 ± 8.7b 1.82 ± 0.26b

0.5 – 87.0 ± 9.7a 2.66 ± 0.40a 69.0 ± 6.4b 2.06 ± 0.34b

0.5 0.1 – – 74.0 ± 3.5b 2.84 ± 0.49a

0.5 0.2 – – 83.0 ± 5.4a 3.03 ± 0.12a

0.5 0.5 – – 87.0 ± 3.4a 3.22 ± 0.24a

Fig. 2  In vitro propagated plants of Hovenia dulcis. a Shoot propagation on MS medium with 0.5 mg L−1 BA + 0.5 mg L−1 KIN after five subcul-
tures. b Shoot elongation and rooting (arrow) after 45 days in culture on MS0 medium. Bars = 1.0 cm
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multiplication capacity than hypocotyl explant-derived 
shoots (Table 2).

Elongation and rooting

Shoots propagated on medium supplemented with 
0.5 mg L−1 BA + 0.5 mg L−1 KIN were transferred to MS0 
medium. After 45 days in culture on the cytokinin-free 
medium an increase in shoot height ranging from 55 to 65% 
was observed. The culture on MS0 also induced rhizogenesis 
in H. dulcis. The development of roots was reached by 85% 
of shoots after 45 days. The radicular system was constituted 
by one to five thin, white and hairy roots with 4.0 to 10.0 cm 
in length and few branched (Fig. 2b).

Since in vitro propagated plants showed a normal pheno-
typical aspect, they were used as source material during the 
second step of this work: the establishment of protocols for 
long-term conservation by cryopreservation.

Cryopreservation by V Cryo‑plate technique

Shoot tips precultured on media with 0.3 M sucrose followed 
by inoculation on culture medium with the same composi-
tion used in the maintenance of in vitro propagated plants 
(MS with 0.5 mg L−1 BA + 0.5 mg L−1 KIN), regenerated 
normal plantlets. This result demonstrated that the preculture 
step did not reduced the recovery capacity (data not shown).

Survival and recovery of cryopreserved shoot tips isolated 
from microcuttings

Shoot tips (Fig. 3a) that adhered to the cryo-plates (Fig. 3b) 
were cryopreserved and inoculated on the recovery medium 
with the addition of BA and KIN at 0.5 mg  L−1. The non-
cryopreserved shoot tips (− LN) had the survival ranging 
from 86 to 100% and the recovery ranging from 53 to 93% 
along PVS2 exposure times. There were no differences in 
the survival and recovery levels of − LN shoot tips that were 
exposed to 0‒150 min to PVS2 (Table 3).

Cryopreserved shoot tips (+ LN) that were not exposed 
to PVS2, or exposed for only 15 min, did not survive, 
becoming whitish after the first week of culture on recovery 
medium, even when kept in the dark (Table 3). The sur-
vival and recovery levels of LN-exposed (+ LN) shoot tips 
increased as the PVS2 exposure time was increased from 30 
to 120 min and decreased at 150 min. Shoot tips dehydrated 
in PVS2 for 120 min had the highest level of survival of the 
87% and recovery of the 45% after LN exposure. The shoot 
tips started to grow 2 weeks after cryopreservation, showing 
green color and leaf primordia development. As previously 
observed in the in vitro propagated plants, multiple shoots 
were induced on the cryopreserved shoot tips over time in 
culture.

Some shoot tips showed callogenesis after transference 
to the recovery medium (Fig. 3c). They were considered in 
the quantification of survival since callus is a morphogenic 
response of living cells and capable of redifferentiation. 

Fig. 3  Cryopreservation of shoot tips of Hovenia dulcis. a Isolated 
shoot tip. b Shoot tips adhered on the cryo-plates. c Post-cryopreser-
vation recovery plants after 4 weeks, presenting callus formation 

(arrows). d Hyperhydric plants after cryopreservation. e Plants regen-
erated from cryopreservation after 16 weeks. Bar (a) = 1.0 mm. Bars 
(b, c, d, e) = 1.0 cm
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However, they were not considered for the recovery rate 
since they did not develop a plant. In addition, some plants 
developed from cryopreserved shoot tips showed a hyper-
hydric aspect between the first and the second week after 
recovery (Fig. 3d). However, this characteristic was no 
longer observed after the first subculture. 4 months after the 
cryopreservation process, healthy plants were obtained with 
an aspect similar to that of the in vitro propagated plants.

Reduction in the concentration of cytokinins in the 
recovery medium (0.2 mg L−1 BA + 0.2 mg L−1 KIN) did 
not inhibit the occurrence of callogenesis or hyperhydric-
ity. Taking into account the results previously observed, 
only exposure times to PVS2 from 60 to 150 min were 
used in this experiment. Non-cryopreserved shoot tips 
reached survival rates between 83 and 96% (Table 4). 
The highest recovery capacity was achieved for shoot 
tips exposed to PVS2 for 120 min (72%), however, it was 
statistically non-significant than in other treatments. For 
cryopreserved shoot tips maximum values   of both sur-
vival (63%) and recovery (40%) were reached after 150 
min of PVS2 exposure (Table 4). Unexpectedly, reduction 
in the concentration of cytokinins in the recovery medium 
caused an increase in callogenesis or hyperhydricity in 

plants regenerated from cryopreserved shoot tips and also 
in some plants developed from non-cryopreserved shoot 
tips (data not shown). However, as previously observed, 
the hyperhydric aspect was not maintained throughout the 
subcultures, and the plants recovered a normal phenotypic 
aspect.

When filter paper was used over the recovery medium 
for non-cryopreserved shoot tips, high survival rates 
(96–100%) were observed for all exposure times to PVS2. 
Moreover, there was no influence of the dehydration dura-
tion on the recovery rates (60–92%) (Table 5). For cryo-
preserved material, the exposure to PVS2 for over 60 min 
resulted in high survival (62–77%). The highest recovery 
rates (43–62%) were found after 120–150 min dehydration 
(Table 5).

The use of filter paper resulted in regenerated plants 
that started to grow at the beginning of the second week 
of culture on recovery medium, showing the development 
of leaf primordia of dark green color. During their growth, 
these plants showed morphology similar to that of in vitro 
propagated plants. After 4 monthly subcultures (Fig. 3e), 
these plants maintained their capacity to produce multiple 
shoots, reaching a number of 2–5 (− LN) and 4–7 (+ LN) 
shoots per post-cryopreservation recovered plant (Table 5).

Table 3  Effect of exposure 
to PVS2 on survival and 
recovery of control (− LN) and 
cryopreserved (+ LN) shoot 
tips from microcuttings* of 
H. dulcis, cryopreserved by 
V Cryo-plate technique, after 
recovery on MS medium with 
0.5 mg L−1 BA + 0.5 mg L−1 
KIN

*Microcuttings cultured from in vitro-grown stock plants
Data represent mean ± standard error
Means followed by the same letter in each column are not significantly different by Tukey’s test (p ≤ 0.05)

Exposure time 
(min)

Survival (%) Recovery (%)

−LN +LN −LN +LN

0 100.00 ± 0.00a 0.00 ± 0.00b 65.00 ± 5.00b 0.00 ± 0.00b

15 100.00 ± 0.00a 0.00 ± 0.00b 80.00 ± 20.00ab 0.00 ± 0.00b

30 100.00 ± 0.00a 35.45 ± 8.67ab 68.52 ± 7.10b 21.59 ± 2.78ab

60 86.67 ± 6.67a 73.33 ± 14.53a 73.89 ± 3.89b 30.00 ± 10.00ab

90 91.11 ± 4.84a 79.44 ± 10.82a 66.67 ± 8.87b 43.61 ± 4.72a

120 100.00 ± 0.00a 87.73 ± 6.33a 93.33 ± 6.67a 45.45 ± 12.41a

150 100.00 ± 0.00a 70.00 ± 10.00a 53.33 ± 3.33b 33.33 ± 12.02ab

Table 4  Effect of exposure 
to PVS2 on survival and 
recovery of control (− LN) and 
cryopreserved (+ LN) shoot 
tips from microcuttings* of 
H. dulcis, cryopreserved by 
V Cryo-plate technique, after 
recovery on MS medium with 
0.2 mg L−1 BA + 0.2 mg L−1 
KIN

*Microcuttings cultured from in vitro-grown stock plants
Data represent mean ± standard error
Means followed by the same letter in each column are not significantly different by Tukey’s test (p ≤ 0.05)

Exposure time 
(min)

Survival (%) Recovery (%)

−LN +LN −LN +LN

60 95.00 ± 2.89a 40.00 ± 5.77ab 56.67 ± 14.53a 22.50 ± 4.79a

90 83.33 ± 6.67a 51.11 ± 10.60ab 70.00 ± 00.00a 23.33 ± 3.33a

120 83.89 ± 9.73a 32.50 ± 7.50b 72.50 ± 4.79a 26.67 ± 6.67a

150 96.67 ± 3.33a 63.33 ± 3.33a 66.67 ± 8.82a 40.00 ± 5.77a
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Survival and recovery of cryopreserved shoot tips isolated 
directly from axillary shoots of stock plants

The most suitable cryopreservation protocol applied to 
shoot tips from microcuttings, was selected to be used with 
shoot tips excised directly from developed axillary shoots.

The non-cryopreserved shoot tips reached survival rates 
above 91% for all PVS2 exposure times, and there was no 
influence of dehydration duration in the vitrification solu-
tion on the recovery rate (62–80%) (Table 6). For cryopre-
served shoot tips, maximal survival (75%) and recovery 
(45%) values were achieved after exposure to PVS2 for 
120 min (Table 6).

1 week after cryopreservation, the shoot tips developed 
dark green leaf primordia. The regenerated plants showed 
normal development and maintained their capacity for 
multi-shooting proliferation, reaching a number of 3–5 
(− LN) and 3‒6 (+ LN) shoots per recovered plant after 
the cryopreservation process (Table 6).

Discussion

This study evaluated the in vitro propagation of H. dulcis 
using stem and leaf explants from axenic seedlings and also 
established the cryopreservation of in vitro-derived shoot 
tips.

In vitro propagation

According to Castro et  al. (2014), in vitro germination 
allows the establishment of efficient methods to supply a 
stock of plants in excellent phytosanitary conditions to be 
used as a source of explants for plant tissue culture. In addi-
tion, seedlings are useful as a source of plant material with 
higher morphogenetic potential.

Important steps in the establishment of in vitro germ-
plasm collections are the induction and multiplication of 
shoots (Manole-Paunescu 2014; Li et al. 2018). Neverthe-
less, the development of in vitro protocols for woody spe-
cies is a challenge because of such factors as recalcitrance 

Table 5  Effect of exposure to PVS2 and use of filter paper over the 
recovery medium (0.5 mg  L−1 BAP + 0.5 mg  L−1 KIN) on survival, 
recovery and shoot proliferation of control (− LN) and cryopreserved 

(+ LN) shoot tips from microcuttings* of H. dulcis, cryopreserved by 
V Cryo-plate technique

*Microcuttings cultured from in vitro-grown stock plants
Data represent mean ± standard error
Means followed by the same letter in each column are not significantly different by Tukey’s test (p ≤ 0.05)

Exposure time 
(min)

Survival (%) Recovery (%) Mean number ofshoots/
recovered plant

−LN +LN −LN +LN −LN +LN

60 100.00 ± 0.00a 46.39 ± 8.66b 92.59 ± 3.70a 17.50 ± 0.83c 5.4 ± 1.9a 7.4 ± 1.4a

90 96.67 ± 3.33a 77.50 ± 5.77a 80.30 ± 10.15a 39.63 ± 8.02b 2.8 ± 0.4a 4.3 ± 1.4a

120 97.50 ± 2.89a 68.00 ± 8.66ab 64.91 ± 7.10a 62.00 ± 4.79a 3.1 ± 1.0a 4.8 ± 0.9a

150 96.67 ± 3.33a 62.50 ± 2.50ab 60.00 ± 7.07a 43.33 ± 3.33ab 3.9 ± 0.9a 5.6 ± 1.4a

Table 6  Effect of exposure to PVS2 and use of filter paper over the 
recovery medium (0.5 mg  L−1 BAP + 0.5 mg  L−1 KIN) on survival, 
recovery and shoot proliferation of control (− LN) and cryopreserved 

(+ LN) shoot tips excised directly from axillary shoots* of H. dulcis, 
cryopreserved by V Cryo-plate technique

*Axillary shoots developed on in vitro-grown stock plants
Data represent mean ± standard error
Means followed by the same letter in each column are not significantly different by Tukey’s test (p ≤ 0.05)

Exposure time 
(min)

Survival (%) Recovery (%) Mean number of shoots/
recovered plant

−LN +LN −LN +LN −LN +LN

60 100.00 ± 0.00a 45.00 ± 25.00a 75.00 ± 5.00a 25.00 ± 15.00b 3.0 ± 0.0a 2.7 ± 1.7a

90 96.67 ± 3.33a 60.00 ± 20.82a 80.56 ± 6.26a 36.67 ± 14.53a 3.3 ± 0.4a 2.8 ± 0.9a

120 92.50 ± 7.50a 75.00 ± 10.41a 62.50 ± 14.36a 45.00 ± 6.45a 4.5 ± 1.3a 3.1 ± 0.3a

150 91.67 ± 8.33a 64.44 ± 12.81a 64.81 ± 24.00a 11.67 ± 7.26b 2.6 ± 1.1a 6.0 ± 2.0a
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and prolonged juvenile stage (Read and Bavougian 2012). 
Additionally, the production of phenolic compounds during 
the process of explant excision can lead to oxidation and loss 
of viability (Bonga et al. 2010).

The shoot propagation of H. dulcis from stem explants 
was achieved by direct organogenesis. This propagation 
pathway reduces the risk of somaclonal variations when 
compared to indirect organogenesis (Zayova et al. 2010). 
Moreover, the propagation capacity was incremented on 
media supplemented with cytokinins, highlighting the pres-
ence of BA. Among the cytokinins used in in vitro propaga-
tion, BA has been mentioned as the most efficient for regen-
erating shoots for many species (Yuniastuti et al. 2016; Aros 
et al. 2017; Pereira et al. 2018; Serafim et al. 2018).

The difference in propagation capacity observed between 
hypocotyl and epicotyl explants, as well as the non-mor-
phogenetic response that occurred in leaf explants, may be 
related to differences in tissue and cell differentiation, as 
well as the endogenous balance of auxins and cytokinins 
(George et al. 2008).

The in vitro propagation of H. dulcis was previously eval-
uated through protocols of indirect organogenesis (Jeong 
et al. 2009), indirect somatic embryogenesis (Yang et al. 
2013) and direct organogenesis (Echeverrigaray et al. 1998; 
Park et al. 2006). In these studies, use of the cytokinins BA 
and KIN also proved to be efficient for inducing morpho-
genic response. However, no studies have ever evaluated 
multiplication capacity over time in culture of explant-
derived shoots, such as that performed in the present work. 
These newly developed shoots maintained multiplication 
capacity by direct organogenesis throughout the subcultures, 
when compared to the original explants, demonstrating the 
viability of the protocol in mass production of plants.

The transfer of the propagated shoots of H. dulcis to a 
cytokinin-free MS medium induced stem elongation and 
rooting. Although cytokinins are known to regulate mor-
phogenesis in plant tissue culture, stimulating shoot pro-
liferation, their presence can inhibit the elongation process 
(Schaller et al. 2015). Our results corroborate previous stud-
ies with H. dulcis (Jeong et al. 2009) when shoots obtained 
by indirect organogenesis were elongated and rooting was 
performed on growth regulator-free medium. However, 
supplementation with auxins was necessary to induce these 
morphogenic responses in three other studies on the species 
(Echeverrigaray et al. 1998; Park et al. 2006; Yang et al. 
2013), as well as species of the genus Zizyphus (Goyal and 
Arya 1985; Rathore et al. 1992; Mathur et al. 1995) from 
the Rhamnaceae family.

Cryopreservation

Once the in  vitro propagation of H. dulcis was estab-
lished, the long-term conservation of shoot tips using the V 

cryo-plate technique was investigated, resulting in the first 
work related to cryopreservation on the genus Hovenia. 
The in vitro conservation is an important complementary 
approach to conserve woody species, especially when con-
sidering its slow life cycle and the fact that many tree species 
have recalcitrant seeds, which makes them difficult to store 
in seed banks (Lambardi and Shaarawi 2016; Corredoira 
et al. 2017).

Shoot tips are the most used in vitro materials for woody 
plant cryopreservation. Shoot tips are composed of meris-
tematic tissues, which are characterized by cells with small 
or absent vacuoles, thin walls, no intercellular space and 
cells dividing at a constant rate. The shoot tips show a high 
potential for osmotic tolerance, an important characteristic 
for success in the establishment of cryopreservation pro-
tocols (Normah et al. 2019). Shoot tip cryopreservation of 
wood species has been carried out by mainly applying vit-
rification-based techniques (Corredoira et al. 2017; Bettoni 
et al. 2019a; O’Brien et al. 2020). The V cryo-plate proce-
dure used here to H. dulcis has a few applications in wood 
species, as reported in Diospyros kaki Thunb. (Matsumoto 
et al. 2015), Prunus spp. (Vujović et al. 2015), Vitis (Bettoni 
et al. 2019c) and Morus spp. (Tanaka et al. 2019). The use of 
this technique facilitates the handling of the material, mak-
ing the procedures faster since the adhesion of the materials 
to the cryo-plates reduces the chance of mechanical injuries. 
Moreover, since the cryo-plates are made of aluminium, a 
metal with high heat conductivity, the procedures of cool-
ing and rewarming are faster (Niino et al. 2019; Wang et al. 
2020b).

Most vegetative explants subjected to cryopreserva-
tion contain high levels of free water in their cells and are, 
therefore, highly sensitive to damage caused by ice forma-
tion during the cooling process (Engelmann 2011a). Thus, 
the biological material is usually dehydrated to protect it 
from the damage caused by conversion of intracellular liq-
uid water to ice (Corredoira et al. 2017). The first dehydra-
tion step applied to shoot tips of H. dulcis was preculture 
performed in a solidified MS medium with 0.3 M sucrose 
for 24 h. Sugars are involved in the mechanisms of plant 
resistance to desiccation and can, for example, replace the 
water in membranes or induce the process of intracellular 
vitrification at room temperature (Dumet et al. 1994; Benson 
2008). Although sucrose is the most commonly used sugar in 
cryopreservation protocols, glucose, maltose, mannitol and 
sorbitol can also be used (Folgado et al. 2015).

After the adhesion of shoot tips to the cryo-plates, the 
material was submitted to an osmoprotection stage by 
immersion in a loading solution, which has high concentra-
tions of sucrose (0.4 M) and glycerol (2.0 M), the function 
of which is to increase the tolerance of biological mate-
rial to cryoprotective solutions (Nishizawa et al. 1993). 
Although several cryoprotective solutions have already been 
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established (Engelmann 2013), we selected PVS2 as the vit-
rification solution and used it at 0ºC. PVS2 acts on some 
mechanisms that protect plant cells from injuries caused by 
cooling, replacing the cellular water and altering the cool-
ing behavior of the water remaining in the cells, a process 
known as vitrification. Longer exposure periods to PVS2 are 
usually accompanied by an adjustment to the temperature at 
which the solution is used, owing to its high penetration and 
toxicity at room temperature (Menon et al. 2012).

For H. dulcis, dehydration with PVS2 for 120 min resulted 
in the maximal recovery rate (62%) of cryopreserved shoot 
tips. High exposure time to PVS2 used at 0 °C were also 
required for other woody species, such as Carica papaya 
L., which showed 90% recovery after 80 min of exposure to 
PVS2 (Tsai et al. 2009), Ziziphus jujuba, a species belong-
ing to the Rhamnaceae family, that reached 75% recovery 
after 90 min of exposure to PVS2 (Wang et al. 2015) and 
for 12 Vitis species, that reached at least 43% recovery after 
90 min of exposure to PVS2 (Bettoni et a. 2019b). On the 
other hand, for other woody species the most efficient cryo-
preservation protocols applied low exposure times to the 
vitrification solution. For Araucaria angustifolia the highest 
recovery rate (35%) was achieved after 15 min of immersion 
in PVS2 (Prudente et al. 2016). Exposure to PVS2 for 20‒25 
min was the most efficient procedure to recovery after cry-
opreservation to Persea americana Mill. (73%) (O’Brien 
et al. 2020) and Garcinia mangostana (50%) (Ibrahim and 
Normah 2013). These results demonstrated that the toler-
ance to dehydration with PVS2 varies among species, kind 
of explant, PVS2 temperature and according to differences 
in tissue water exchange properties. These characteristics 
are primary determinants of the osmotic dehydration rate 
(Vicente et al. 2012).

During the first month after cryopreservation, were 
observed in some shoot tips of H. dulcis characteristics of 
hyperhydricity and callogenesis like twisted and transparent 
leaf, and proliferation of a translucent mass of cells. These 
aspects are often characteristic, but not limited, to cultures 
maintained on media with high concentrations of cytokinins 
and have been reported in some plant materials recovering 
from cryogenic procedures (Maślanka et al. 2013; Lynch 
et al. 2014; Kulus 2018; Kulus et al. 2018).

Because of the occurrence of hyperhydricity and callo-
genesis in cryopreserved shoot tips of H. dulcis, reduction 
in the concentration of cytokinins in the recovery medium 
was evaluated. However, the low concentration of BA and 
KIN (0.2 mg L−1) did not influence the occurrence of 
hyperhydric aspect and callogenesis after cryopreserva-
tion. In addition, lower rates of survival and recovery were 
obtained in this condition. In contrast, cryopreserved shoot 
tips of Thymus moroderi presented the highest regenera-
tion rates and lowest level of hyperhydricity on medium 
supplemented with low BA concentration (0.06 mg L−1) 

(Marco-Medina et al. 2010). Although the addition of BA 
to the recovery medium has shown benefits to recovery, 
the optimal BA concentration vary with the botanical 
material used, as well as with the cryogenic procedure 
(Wang et al. 2003).

Cryopreserved shoot tips of H. dulcis reached the highest 
recovery rates in the presence of cytokinins (BA and KIN) at 
0.5 mg L−1. In this condition, the hyperhydric aspect and cal-
logenesis disappeared along the subcultures, and the plants 
recovered a normal phenotypic aspect. Similarly, in cryopre-
served nodal segments and shoot tips of Cydonia oblonga, 
some regenerated shoots appeared hyperhydrated, but sub-
sequently exhibited a normal morphology within 4 weeks 
after rewarming (Lynch et al. 2014). Physiological disorders 
such as hyperhydricity are closely linked to stress processes 
related to cell membrane damages (Rojas-Martínez et al. 
2010). During the cryopreservation steps, plant tissues are 
exposed to several stress conditions that can result in intra-
cellular ice crystals formation, excessive desiccation, trig-
gering apoptosis or even cause irreversible damage to tissues 
(Uchendu et al. 2010). However, as observed in H. dulcis, 
the normal phenotypic aspect after successive subcultures, 
suggests that the damages caused during cryopreservation 
has been properly repaired.

Rehydration of cryopreserved materials is a slow and 
gradual process, which initiates by exposing the material to 
the unloading solution, followed by the transfer to a recovery 
medium. The use of physical barriers, such as filter paper, 
allows water to slowly diffuse from the culture medium into 
the material, contributing to the restoration of normal water 
status and avoidance of possible injuries caused by rapid 
rehydration of the material (Reed 2008; Benson and Hard-
ing 2012; Normah et al. 2019). Several studies used filter 
paper during the recovery step, but they did not compare the 
effect of the presence/absence of this support. Filter paper is 
often used on top of the recovery medium of cryopreserved 
shoot tips (Mandal and Dixit-Sharma 2007; Antony et al. 
2011; Pathirana et al. 2016; Mathew et al. 2018; Sulong 
et al. 2018), and it is also associated with the use of high 
sucrose concentration (Sant et al. 2008; Marco-Medina et al. 
2010; Condello et al. 2011; Panis 2019; Vollmer et al. 2019) 
or with decreasing concentrations of sucrose in the medium 
(Panta et al. 2014). The cryopreserved shoot tips of H. dulcis 
cultivated in the presence of filter paper placed on top of 
the recovery medium showed higher recovery rates (62%) 
when compared to protocols without the use of this support 
(45%). The use of supports onto which the recovered tis-
sue is suspended was also investigated by Ford et al. (2000) 
for cryopreserved embryogenic tissues of Pinus patula. The 
authors demonstrated that the use of supports improve the 
recovery rates, but a combination of filter paper and poly-
ester grids performed better than the tissue recovering on 
filter paper alone.
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The present study also evaluated the cryopreserva-
tion of shoot tips excised directly from axillary shoots 
of stock plants. In H. dulcis, some axillary buds show 
active growth and develop into axillary shoots on the 
stem on mother plants. This process may be stimulated 
by the presence of cytokinins in the culture medium of 
in vitro propagated plants. Cytokinins promote axillary 
shoot formation by opposing apical dominance regulated 
by auxins (Beyl 2000; Park et al. 2006). In the present 
study, axillary shoots were an alternative source of shoot 
tips and were compared with shoot tips excised from 
microcuttings.

Microcuttings cultured from the in vitro-grown stock 
plants made prior to the excision of shoot tips have 
been suggested to produce a large number of relatively 
homogeneous and adequate shoot tips in terms of size, 
physiological state and growth, increasing the chance of 
positive and uniform responses in cryogenic procedures 
(Charoensub et al. 2003; Kulus and Zalewska 2014; Wang 
et al. 2014a; Bettoni et al. 2019b; Kulus 2020). On the 
other hand, the use of axillary buds excised directly from 
the mother plants has also been proposed as a way of 
increasing the number of explants for cryopreservation 
(Halmagyi et al. 2005; Pathirana et al. 2016).

Shoot tips from H. dulcis microcuttings produced the 
highest recovery rates after cryopreservation, compared 
to shoot tips isolated directly from stock plants. Some 
studies have evaluated the differences between these two 
sources of shoot tip. Similar to H. dulcis, cryopreserva-
tion of shoot tips sampled from Chrysanthemum mori-
folium (Wang et al. 2014b) and Vitis vinifera (Marković 
et  al. 2014) microcuttings showed higher regrowth 
compared with shoot tips excised directly from in vitro 
propagated plants. The authors highlight active microcut-
ting growth and axillary buds under the effect of apical 
dominance in complete plants as important aspects for 
post-cryopreservation responses. Studies where explants 
derived from apical shoot tips and axillary buds are com-
pared observed differences related to their physiological 
stages, metabolic profiles, and water content (Halmagyi 
et al. 2005; Lee et al. 2011; Pathirana et al. 2016).

The results obtained with H. dulcis in the present work 
confirm the observations reported in other studies and 
show the feasibility of both microcuttings and axillary 
shoots as source of shoot tips for cryopreservation. The 
use of microcuttings can provide more uniform material. 
The use of axillary buds can save time since the microcut-
ting cultivation step is suppressed. Therefore, the choice 
of the most suitable explant source must be made for each 
species under study, taking into account the advantages 
that each explant source presents.

Conclusions

The studies carried out with H. dulcis allowed the estab-
lishment of efficient protocols for in vitro propagation on 
medium supplemented with the cytokinins BA and KIN and 
the cryopreservation of the species applying the V Cryo-
plate technique. Considering the commercial interest in the 
family Rhamnaceae, this study may contribute to biotechno-
logical research related to in vitro propagation and long-term 
conservation of other woody species of great commercial, 
medicinal and nutraceutical importance, especially those 
species belonging to the Rhamnaceae family.
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