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Abstract

Our paper presents new aspects regarding the micropropagation of Gisela 5 cherry
rootstock. In the multiplication stage, modified MS media supplemented with 0.3 and 0.5 mg/l BAP
as well as two types of gelling agents were tested: 3 g/l Plant Agar and 50 g/l wheat starch. The
media supplemented with 0.3 mg/l BAP and gelled with 3 g/l Plant Agar provided the highest
proliferation rates (36.90 shoots/plantlet) and well-developed, high quality plantlets, whereas
media gelled with starch also proved to be suitable but they caused deformations. In the in vitro
rooting stage, MS media supplemented with 1 mg/l IBA provided 82.5 % rooting percentage and
the plantlets were well developed. Ex vitro acclimatization of the plantlets rooted in vitro was
successful in float hydroculture. Direct ex vitro rooting of shoots in floating perlite was also
successful, with rooting pecentages exceeding 60 % but the plants were lesser developed as
compared to the ones obtained by in vitro rooting and subsequent ex vitro acclimatization.

Cuvinte cheie: culturi in vitro, Prunus canescens, proliferare, aclimatizare ex vitro, hidrocultură prin
flotaţie, perlit.
Keywords: tissue culture, Prunus canescens, proliferation, ex vitro acclimatization, float hydroculture,
perlite.

Abbreviations
BAP - 6-Benzylaminopurine
IBA - Indole-3-butyric acid
MS - Murashige and Skoog Media (Murashige and Skoog, 1962)
MSm - Murashige and Skoog 1962, modified

1. Introduction

’Gisela 5’ is a very important dwarfing cherry rootstock. It is a hybrid between Prunus cerasus and
Prunus canescens (Long and Kaiser, 2010). Few researchers investigated aspects regarding the
micropropagation of various cherry rootstocks. Such, in ’Gisela 5’ several agar types were tested (Ruzic
and Cerovic 1998), culture media containing various concentrations of BAP, IBA and GA3 (Buyukdemirci,
2008). MS media with 0.5 mg/l BAP, 0.01 mg/l IBA and 0.1 mg/l GA3 gave the best results considering
proliferation rates and shoot length. In the rooting stage good results were obtained on MS media with 0.5
and 1 mg/l IBA. Reducing the concentration of ammonium nitrate to 50 % led to the generation of a higher
number of roots but these were shorter. Fidanci et al. (2008) tested various growth regulators (0.5 and 1
mg/l NAA or IBA) in either full-strength MS media or half-strength MS media. Full-strength MS media lead
to optimal results regarding rooting percentages (89 % rooting), but maximum root number was obtained
with half-strength MS media supplemented with 1 mg/l IBA. Ružić et al. (2000) tested MS media with
various concentrations of macroelements and optimum growth and proliferation was achieved in the
treatment with double concentration of macroelements.

The aim of our research was to elaborate an effective protocol for the micropropagation of Gisela 5
rootstock by the optimization of the multiplication and rooting stages and by offering new possibilities for
the ex vitro acclimatization of this roostock by the use of float hydroculture.

2. Material and methods

Culture media. MSm medium (Table 1) was used in all the stages of in vitro culture in cherry
rootstock cultivar ‘Gisela 5’. BAP and IBA were used as plant growth regulators, agar and starch were
used as gelling agents, carbon source was 30 g/l table sugar) and the pH of the media was adjusted to
5.8 before adding the gelling agents (Table 2).

The culture media were prepared using stock solutions of microelements, macroelements, plant
growth regulators and vitamins. All the components were added to the media before autoclavation. For
the initiation stage, test tubes with 5 ml of medium/tube were used, and in the multiplication and in vitro
rooting stages 720 ml jars with screw caps, containing 100 ml of media/vessel were used. The screw
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caps were vented with 4 mm holes into which pieces of autoclavable plastic sponge were inserted. The
media were autoclaved at 121o C: the agar-gelled media for 20 minutes and the starch-gelled media for
30 minutes.

Dissolving starch in the culture media. Unlike agar, which could be easily dissolved by adding the
powder to boiling media while stirring, dissolving starch required several steps: about 1/6 of the volume of
media was put aside into a beaker on the plate with stirrer and the rest was heated up to boiling point in a
stainless steel pot with the lid on. Starch was weighed and mixed with the cold medium in the beaker and
the suspension that resulted was subsequently added to the rest of the media and homogenized by
continuous stirring.

Culture conditions. The cultures were incubated in the growth room at 25 °C, 2400 Lux light
intensity and 16-hour photoperiod.

In vitro culture initiation. Semi-hardwood annual shoots were used as plant material, respectively
shoot fragments containing the axillary buds and terminal buds. These were washed for 15 minutes under
running water and then rinsed three times with sterile deionized water. In sterile conditions (in the laminar
air flow hood) the shoot fragments were disinfected for 20 minutes in a mixture of 20 % ACE bleach in
sterile deionized water and then rinsed 5 times with sterile deionized water. Under the binocular, the
axillary and apical buds were excised and they were inoculated onto MSm1 media (Table 2).

The multiplication stage. Three treatments were used, MSm1, MSm2 and MSm3 (Table 2). Five
microcuttings consisting of 1.5-2 cm long shoots were inoculated per vessel. The plant material derived
from 2-month old cultures on MSm media supplemented with 0.5 mg/l BAP and gelled with 3 g/l Plant
Agar. The incubation period was 1.5 months. A total number of 10 vessels per experimental treatment
taken randomly (50 plantlets/treatment) were examined in order to establish the average number of
shoots produced/vessel and the average numbers of shoots produced/plantlet (proliferation rates).

In vitro rooting. In order to establish the optimal medium for Gisela 5 in vitro rooting, preliminary
tests were carried out on six variants of culture media (Table 2). Following the results of the preliminary
tests, the RA2 (MSm + 1 mg/l IBA + 3 g/l Plant Agar) treatment was adopted in order to investigate the in
vitro rooting of several types of microcuttings. In all the rooting treatments, 20 microcuttings/vessel were
used. 1.5-2.5 cm long shoots and 2 cm long shoot fragments were used as microcuttings. The
microcuttings were harvested from plantlets proliferated on MSm1 and the age of the cultures was of 1.5,
2.5 and 3 months.

The cultures in the in vitro rooting experiments were incubated in the growth chamber for one
month. Eight vessels per experimental treatment were investigated (160 plantlets/treatment) regarding
rooting percentages and biometric observations.

The ex vitro acclimatization of the plantlets rooted in vitro. The plantlets rooted in vitro were
transferred ex vitro, the roots were gently washed with warm water in order to eliminate the remnants of
culture media and then planted into floating cell trays.

In the float hydroculture treatment, cell trays with 3x3 cm cells were used. The cel trays were
equipped with polystyrene floats and set to float in tubs filled with water. The plantlets were inserted into
the cells in such a way that the roots were immersed in the water; 3-4 rooted plantlets were planted into
each cell, an average number of 3.8 plantlets/cell. Six repetitions totalling 637 plantlets were used.

The float hydroculture technique is based on culturing plantlets in tap water without providing high
air humidity and was successfully used for the direct ex vitro rooting and for the ex vitro acclimatization of
several horticultural species (Clapa et al., 2013).

For non-rooted shoots, ex vitro rooting in floating perlite beds was tested. In this treatment, small
tubs (5 liters) were used, 3 liters of water were introduced into each tub, onto which 3 liters of perlite were
evenly spread, thus making a layer of floating perlite on top of the water. The floating perlite technique
gave good results in the ex vitro rooting of several important horticultural species (Clapa et al., 2013).
After the perlite was imbibed with water, a tutal number of 194 shoots were inserted, at equal distances,
into the layer of perlite. The plant material derived from plantlets cultured on MSm1 media.

The non-rooted shoots from the in vitro rooting stage were also planted into floating perlite
prepared as described above.

3. Results and discussion

Some of the axillary buds used for initiation underwent necrosis, some of them got contaminated
and 35 % regenerated plantlets.

The in vitro multiplication stage in ‘Gisela 5’. In the preliminary tests, MSm media supplemented
with 0.5 mg/l BAP proved to be suitable for in vitro multiplication but the shoots were short. The
concentration of 0.5 mg/l BAP inhibited shoot elongation. Among the treatments tested, MSm1 (MSm +
0.3 mg/l BAP + 3 g/l Plant Agar, considered as control treatment) gave the best results regarding the
viability and quality of the plantlets obtained, as well as regarding the number of shoots that
resulted/plantlet, respectively the proliferation rates. In the control treatment the plantlets were well
developed, with normal leaves. The shoots grew unevenly, shoot lengths varied between 1-5 cm, many of
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them exceeding 3 cm. Generally, the shoots were well developed, with large leaves (Fig. 1). In Treatment
2 the plantlets were well developed, similar to Treatment 1. In treatment 3 the average proliferation rate
was the same as in Treatment 2 but the plantlets were compact masses of short shoots, the leaves were
hypertrophied, especially the ones that came into contact with the media and the shoots were relatively
deformed, shorter than in the other treatments.

If compared to the average proliferation rate per experiment, considered as control, the differences
between the proliferation rates in cherry rootstock cultivar ’Gisela 5’ multiplied on the three treatments
were not significant in Treatments 2 and 3 and it was significant in Treatment 1. If Treatment 1 is
considered as control, then the differences between Treatments 1 and 2, respectively between
Treatments 1 and 3 were very significant statistically (Table 3) The significance of differences regarding
the proliferation rates on the three treatments, evaluated by Duncan’s multiple range test (Table 4)
confirmed that ’Gisela 5’ had the highest proliferation rate on the culture medium MSm1, the proliferation
media on MSm2 and MSm3 being equal and lower than on MSm1.

The results of ANOVA (p=0.00805 in both treatments) show that the differences between
Treatment 1 (control) and Treatments 2 and 3 regarding proliferation rates were significant statistically.

Alternative gelling agents, especially starch led to very good results in the micropropagation of
several important species (Kazim et al., 2005, Kuria et al., 2008, Mbanaso, 2008, Nkere et al, 2009,
Sharifi et al., 2010) and starch was successfully used as gelling agent for several fruit crops including
apple, pear and raspberry (Zimmermann et al., 1995). However, for the micropropagation of Gisela 5
rootstock, media gelled with starch had several disadvantages, including the excessive growth and
deformation of the leaves that came into contact with the culture media.

In vitro rooting in ‘Gisela 5’ rootstock. The culture media Rs1, Rs2, Rs3, gelled with starch gave
negative results (no rooting). The experiments continued on the treatment Ra2, as this treatment provided
optimal growth. During the preliminary tests it was found that the young, intact herbaceous shoots
developed far better than the shoots which were older and lignified or the shoot fragments which did not
contain the apical bud. It was found that the apical bud had a very important role. The microcuttings
consisting of shoot fragments excised from the base of the shoots often got rooted but did not grow in
length but they grew in thickness and no viable plantlets were regenerated from these. The explants
resulted from old cultures provided lower rooting percentages. When using 3 month old plant material, the
in vitro rooting percentages were low, the overall rooting percentage was 62.05 %.

When using explants consisting of whole shoots excised from young, tender plantlets that had
been cultured for 1.5 or 2 months on the multiplication media, these shoots regenerated well-rooted,
vigorous plantlets on the Ra2 media. When using 1.5 month old cultures, the rooting percentage of the
shoots was optimal, 82.5 %, and when using 2 month old cultures the rooting percentage was 75.63 %.
In the optimal treatment, the rooting percentages in most replications were 80-85 %. Average stem length
was 3.47 cm, average root length was 4.66 cm and average root number/plantlet was 4.55. Fig. 2
presents aspects regarding the in vitro rooting stage.

Ex vitro acclimatization. From the total number of 637 plantlets rooted in vitro on Ra2 rooting
media, 349 were acclimatized in the float hydroculture experiments (54.78 %). Fig. 3 presents Gisela 5
plants rooted in vitro and subsequently acclimatized in float hydroculture.

From the total number of 194 shoots from the MSm1 multiplication media, transferred ex vitro into
floating perlite, 130 were rooted (67.01 % rooting percentage).

From the total number of 52 non-rooted plantlets transferred from the Ra2 rooting media into
floating perlite 32 got rooted (61.53 % rooting percentage).

In all the direct ex vitro rooting experiments the plants that resulted were lesser developed than the
ones resulted from in vitro rooting and subsequent ex vitro acclimatization.

4. Conclusions

‘Gisela 5’ rootstock can be propagated in vitro quite effectively. We recommend the use of modified
MS medium supplemented with 0.3 mg/l BAP and gelled with Plant Agar. Wheat starch is also usable as
a gelling agent. For the multiplication stage, 1.5 or maximum 2 month culture cycles are recommended in
order to avoid the ageing and excessive lignification of the plantlets. It is recommended to use large
explants (whole shoots) in the multiplication stage. These shoots should be immersed vertically or in
oblique position into the mass of media and about 2/3-3/4 of the basal part of the shoots should be buried
into the media.

For the in vitro rooting stage, it is recommended to use tender, herbaceous plantlets resulted from
1.5, maximum 2 month old cultures. The adequate explant type consists of whole shoots, as these
provide the regeneration of well-developed and well-rooted plantlets.

Ex vitro acclimatization in float hydroculture was effective but the acclimatization percentages were
lower than in other species, so this technique needs more improvement. However, having in view that the
plants resulted from in vitro rooting and subsequent ex vitro acclimatization were better developed than
the ones obtained by direct ex vitro rooting in floating perlite, it is recommended to use in vitro rooting and
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subsequnt ex vitro acclimatization for producing ‘Gisela 5’ rootstock clonal material. The technique of
direct ex vitro rooting in floating perlite has potential for future applications but it also needs more
improvement.
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Tables and figures

Table 1. The components of the modified Murashige & Skoog (MSm) culture medium used for
Gisela 5 micropropagation
Component Concentration
MS Salts Full-strength
Myo-inositol 100 mg/l
Vitamin B1 1 mg/l
Vitamin B6 0.5 mg/l
Nicotinic acid 0.5 mg/l
Sugar 30 g/l
pH adjusted to 5.8
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Table 2. The culture media used for Gisela 5 cherry rootstock micropropagation
Media
code

Culture
stage*

Basal salts
and

vitamins

Growth regulators Gelling agents
Type Concentration

(mg/l)
Type Concentration

(g/l)
MSm1 1+2 MSm BAP 0.3 Plant Agar 3
MSm2 2 MSm** BAP 0.3 Wheat starch 50
MSm3 2 MSm BAP 0.5 Wheat starch 50
Ra1 3 MSm IBA 0.5 Plant Agar 3
Ra2 3 MSm IBA 1 Plant Agar 3
Ra3 3 MSm** IBA 0.5 Plant Agar 3
Rs1 3 MSm IBA 0 Wheat starch 50
Rs2 3 MSm IBA 0.5 Wheat starch 50
Rs3 3 MSm IBA 1 Wheat starch 50

*1-establishment; 2-multiplication; 3-rooting
**- macroelements diluted to 50 %

Table 3. The influence of culture media upon the proliferation rates in Gisela 5 rootstock
Symbol Culture media Average

proliferation rates
Average proliferation
rates %

Variance
±

Significance of
diffeences

A0 Average values 30.90 100.0 0.00 Control
A1 MSm1 36.90 119.4 6.00 *
A2 MSm2 27.90 90.3 -3.00 -
A3 MSm3 27.90 90.3 -3.00 -

A1 MSm1 36.90 100 0.00 Control
A2 MSm2 27.90 90.3 -9.00 000
A3 MSm3 27.90 90.3 -9.00 000
DL (p 5%) 4.72
DL (p 1%) 6.47
DL (p 0.1%) 8.80

Table 4. The significance of differences regarding Gisela 5 rootstock proliferation evaluated by
Duncan’s multiple range test

Symbol. Culture media
(treatment)

Average proliferation rates Classification

A3 MSm3 27.90 A
A2 MSm2 27.90 A
A1 MSm1 36.90 B
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Fig. 1. ’Gisela 5’ rootstock in the multiplication stage, on MSm1 media: A, B – plantlets on the
culture media; C- highly proliferated plantlets transferred ex vitro; D – shoots excised from the

plantlets

Fig. 2. ’Gisela 5’ rootstock in the rooting stage: A- inoculation of microcuttings in the rooting
media; B – Plantlets in vitro in the rooting stage; C- one month old rooted plantlets transferred ex

vitro

Fig. 3. ’Gisela 5’ rootstock in the accclimatization stage: A – plantlets rooted in vitro and cultured
in float hydroculture in floating cell tray; B - plants acclimatized in float hydroculture


