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Abstract

The paper presents aspects regarding the in vitro propagation of the thornless blackberry cultivar
‘Thornless Evergreen’. For culture initiation, modified MS (Murashige & Skoog 1962) basal
medium was used and, as growth regulator, 6-benzilaminopurine- 0,7mg/l (BAP). In order to
establish the optimal variant of media regarding multiplication rate as well as the economic
aspect, 3 variants of media were experimented, consisting of Murashige & Skoog 1962 (MS) salts,
Myo inositol - 100 mg/l, Vitamin B1 - 1 mg/l, Vitamin B6 - 0.5 mg/l, Nicotinic Acid - 0.5 mg/l,36.7
mg/l FeNaEDTA and, as growth regulators, 6-benzilaminopurine in concentrations of 0.3, 0.5 and
0.7 mg/l. In order to optimize the multiplication phase, the influence of the number of
inoculi/vessel upon multiplication rate was also tested for the blackberry. In vitro rooting of the
shoots or shoot fragments originating from the multiplication phase was done on the rooting
medium consisting of modified MS + 1 mg/l IBA. Ex-vitro rooting was also tested and acclimation
in perlite, peat+perlite as well as acclimation in hydroculture were tested.

Cuvinte cheie: mur, culturi in vitro, 6-benzylaminopurina, aclimatizare, hidrocultura,
Keywoords: Rubus, in vitro culture, 6-benzylaminopurine, acclimation, hydroculture.

1. Introduction

Blackberry propagation by traditional methods is done very efficiently by layering, offsets, root or
stem cuttings (Botez M., et al., 1984). By micropropagation techniques, however, an impressive number
of plants can be obtained, thus ensuring an uncomparably superior multiplication rate as compared to that
provided by conventional propagation methods, it makes possible the massive and extremely fast
propagation of valuable genotypes regardless of the season and to obtain disease-free biologic material.
Micropropagation of brambles was studied by many researchers (Bobrowski V. L et al 1996, Erig A. C &
Schuch M. W. 2005, Gajdosova A et al. 2006, Minas G. J and Neocleous D. 2007, Ruzic Durdina. and
Lazic Tatjana. 2006,. For multiplication, several variants of Murashige & Skoog (Murashige T., Skoog F.,
1962) medium were used, supplemented with growth regulators (BAP , IBA and GA3) and, for rooting,
variants of MS medium containing IBA. The ex-vitro rooting and acclimation of shoots excised directly
from plantlets in the multiplication phase was also experimented. Another aspect to be studied was the in
vitro regeneration of shoots from leaf explants, on media containing thidiazuron and auxins (Ruzic D. ant
Lazic T. 2007, Zawadska M and Orlikowska T. 2006).The cultivar to be studied ‘Thornless evergreen’, is
a thornless cultivar of American origin, the most widespread cultivar from this group in America and
Europe.

2. Material and Methods

For blackberry micropropagation the following steps were done:

The biologic material used for culture initiation was taken from the fruit shrub collection of the Fruit
Research Station of Cluj. Annual shoots were harvested in October, they were cut into pieces eliminating
the long internodes, then they were washed with running water, rinsed with deionised water, disinfected
with a mixture of 20 % ACE bleach and deionised water for 20 minutes and then rinsed, in the LAF
hoods, with sterile deionised water (6 rinses). Then the apical and axillary buds were excised and
inoculated onto modified MS medium containing 0.7 mg/l BAP (Table 1), one explant/test tube.

The plantlets resulting after the initiation phase were passed to the multiplication phase, in which 2
variants of media were tested (Table 2), Variant 1, containing MS salts to which 100 mg/l Myo-Inositol,
stock solutions of vitamins B3, Bs and nicotinic acid were added, the carbon source was crystal sugar, the
iron source was FeNaEDTA and 6 g/l Plant agar was added, the growth regulator was BAP at 0.7 mg/I|
and the pH was adjusted to 5.8. Variant 2 contained DKW as basal medium and 0.7 mg/l BAP as growth
regulator. All the components were added to the media before autoclavation. The media were dispensed
into Magenta GA7 polycarbonate vessels (approx. 50 mlfvessel) with polypropyene caps and were
sterilized in the autoclave at 121° C for 25 minutes.
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The influence of BAP concentration upon multiplication rate was also tested, by comparing the
multiplication rates on 3 variants of media with concentrations of 0.3, 0.5 and 0.7 mg/l BAP, using
modified MS basal medium (Table 3)

Another aspect to be studied was the influence of the gelling agent upon in vitro multiplication rate
in the blackberry. For this purpose, 3 experimental variants were tested (Table 4). For each variant, 2
Magenta vessels containing 9 inoculi each were used.

The plant material used for multiplication consisted of shoots and shoot fragments containing 2-3
nodes (Fig. 1). 9 microcuttings/vessel were inoculated (Fig. 2) and the vessels were sealed with Folpack
foil. The cultures were incubated in the growth chamber, in artificial light provided by fluorescent tubes.
Light intensity was of approx. 2800 Lux and temperature was of 24-26 ° C.

In order to optimize the multiplication phase, 3 experimental variants were used, with different
numbers of explants/vessel and 2 variants of modified MS medium with different concentrations of BAP
(Table 5).

6 weeks after inoculation onto the multiplication media the newly regenerated plantlets were tested
for in vitro rooting as well as ex-vitro rooting. In vitro rooting was tested on 3 variants of media with
various numbers of inoculi/vessel (Table 6)

The ex-vitro rooting capability of the blackberry was tested on 2 variants of solid substrate: perlite
and peat+perlite in 1.1 volume to volume ratio.

Acclimation was done in hydroculture in liquid substrate as well as in plastic trays covered with lids,
using the 2 variants of solid substrates used for rooting.

3. Results and discussions

Culture initiation was done at the end of October on modified MS medium, with 0.7 mg/l BAP
(Table 1). The regeneration rate was very low, 3.5 %. This low regeneration percentage was due to the
unfavourable period in which initiation was done as well as due to the plant material used, which
originated from the middle and apical part of the shoots, where flower buds and mixed buds are
predominant.

After 6 weeks of culture on the initiation medium the resulting plantlets were cut into 1-1.5 cm long
microcuttings containing an average of 2 nodes and were inoculated in Magenta GA; vessels onto
nutritive medium of the same composition (50 ml of medium/vessel), 9 microcuttings/vessel. After 2
multiplication cycles of 6 weeks each, several experimental series were carried out in order to establish
the optimal variant of media for multiplication.

In the first phase 2 variants of media were tested (Table 2), variant V1 containing MS (Fig.3) as
basal medium and variant V2, containing DKW as basal medium, both containing 0.7 mg/l BAP as growth
regulator. The multiplication rates obtained on the 2 variants are presented in Table 7. The highest
multiplication rate was obtained on variant V2 DKW+0.7 BAP, respectively 26.666 as compared t018.592
on variant V1 MS+0.7 BAP. On both variants abundant proliferation was observed, the regenerated
shoots being 1-5 cm in length.

As far as the influence of BAP concentration is concerned (Table 3), all the variants provided the
abundant proliferation of shoots in vitro. Variant 3, with 0.7 mg/l BAP ensured the regeneration of 217
shoots/vessel, respectively of 24.111 shoots/initial inoculum. Variant 4 with 0.5 mg/l BAP ensured the
regeneration of an average of 215 shoots/vessel, respectively 23.888 shoots/initial inoculum and variant
5 ensured the regeneration of an average of 186.333 shoots/vessel, respectively 20.703 shoots/inoculum
(Fig. 4 a, b). In the variants with 0.7 and 0.5 mg/l BAP the shoots were less vigorous as compared to the
variant with 0.3 mg/l BAP (Fig. 5, a, b, c). In the variants with 0.5 and 0.3 mg/l BAP most of the plantlets
rooted in vitro,

The results obtained show that among the 3 gelling agents Plant Agar provided the best results,
vigorous shoots, well-developed plants. On the variant with micro-agar thin, relatively short shoots
regenerated, with small leaves and on the variant with Gelrite the deformation and hyperhydricity of the
shoots in a proportion of about 30 % was observed.

The results for the parameters analyzed in the experiment regarding the number of explants/vessel
for the optimization of the multiplication phase are presented in Tables 9 and 10. It is remarkable that
reducing BAP concentration lead to the increase of plantlet height and vigour, it stimulated in vitro rooting
on the multiplication media but it lead to a slight decrease in the number of shoots/vessel and plantlet.
Increasing the number of inoculi/vessel caused the inhibition of plant growth and decreased the number
of shoots/vessel and plantlet.

For in vitro rooting, whole shoots as well as shoot fragments resulting from the multiplication media
were transferred to the rooting media (Table 6). On variants X and Y 16 microcuttings were
inoculated/vessel and on variant Z (liquid medium) various numbers of microcuttings depending on vessel
type and the size of shoots. On hormone-free MS (variant X) the blackberry plantlets grew becoming very
vigorous, but did not regenerate any roots in 3 weeks. On MS+1 mg/l IBA (variant Y) the shoots rooted in
3-4 weeks and they could be transferred ex-vitro for acclimation. The rooting percentage on this medium
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was 93.75 %. On the liquid medium with 1 mg/l IBA (variant Z) rooting percentage was low, 37.73 % and
there was hyperhydricity.

In order to optimize the rooting operations the number of inoculi introduced/vessel was increased
covering the whole surface of the vessel, the number of inoculi varied between 32-56 depending upon
shoot size. It should be mentioned that every shoot was planted individually into the rooting medium.
Rooting percentage in this case was of 95.283%.

Planting every microcutting individually into the rooting medium demands much labour and much
time, thus the possibility of inoculation of a greater number of shoots with a single movement was tested.
The bases of the bushes resulted on the multiplication medium were excised and discarded and the
resulting bunches of shoots from the top growth were planted in the rooting media in whole large
bunches, resulting 48-62 shoots/vessel, which rooted in a proportion of 87.763 %.

The results obtained show that the optimal rooting medium is MS+1mg/l IBA and the number of
inoculi/vessel can be increased to 50-60 according to their size (Fig. 6,7).

The non-rooted shoots from the multi medium were separated and planted directly ex-vitro into
plastic trays covered with transparent lids, containing either perlite or peat+perlite in 1:1 volume to volume
ratio. The non-rooted shoots rooted in perlite in approximately 2 weeks. After another week the lids were
finally removed and more than 90 % of the plantlets survived (Fig. 8). In the peat+perlite mixture
acclimation was also achieved in 3 weeks and acclimation rate was 97.29 % and the plantlets obtained
were more vigorous than the ones rooted in perlite (Fig. 9).

The most effective acclimation method tested for the blackberry was the one based on
hydroculture. The plantlets rooted on the rooting medium (Table 6, Variant Y) were transferred ex-vitro
into low trays containing water with neutral pH. The plantlets became acclimated in 3 weeks surviving in a
percentage of 100 %and they grew spectacularly, becoming extremely robust (Fig. 10)

The plants acclimated through all 3 methods were then planted into pots, into potting mix (Fig. 11).

4. Conclusions

1. The blackberry cultivar ‘Thornless Evergreen’ can be successfully propagated in vitro.

2. For in vitro multiplication we recommend MS or DKW as basal media.

3. The growth regulator to be used was BAP, the optimal concentration was 0.5 mg/l. This
concentration provides high multiplication rate and vigorous plants.

4, The gelling agent that gave the best results in the present study was Plant Agar at the
concentration of 6 g/l.

5. For in vitro rooting we recommend MS medium + 1 mg/l IBA, and in this case we recommend ex-
vitro acclimation in hydroculture, which ensures 100 % acclimation rate.

6. Rooting and acclimation can also be done efficiently ex-vitro in the same stage, using as plant

material non-rooted or rooted shoots derived from the multiplication media. In this case acclimation
is done in 1:1 peat+perlite mixture in plastic trays covered with transparent lids.
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Table and Figures

Table 1. The nutritive medium for blackberry culture initiation

Component Concentration
Salts MS’
Myo-inositol 100 mg/l ~
Vitamin B1 1 mg/l
Vitamin B6 0.5 mgl/l
Nicotinic acid 0.5 mgl/l
BAP 0.7 mgl/l
FeNaEDTA 36.7 mg/l
Sugar 30 g/l
Agar 6 g/l

pH adjusted to 5.8

*Murashige Skoog

Table 2. The nutritive media for blackberry multiplication

Components Variant 1 Variant 2
Salts MS’ DKW’
Myo-inositol 100 mgl/l 7 100 mgl/l
Vitamin B1 1 mgl/l 2 mg/l
Vitamin B6 0.5 mgl/l -
Nicotinic acid 0.5 mgl/l 1 mgl/l
Glycine - 2 mgl/l
BAP 0.7 mg/l 0.7 mg/l
FeNaEDTA 36.7 mgl/l 44.63 mg/l
Sugar 30 g/l 30 g/l
Plant Agar 6 g/l 6 g/l

pH adjusted to 5.8

MS - Murashige & Skoog

"DKW - Driver & Kunyuki Walnut

Table 3. The influence of BAP concentration upon blackberry in vitro growth and proliferation

Components Variant 3 Variant 4 Variant 5
Salts MS’ MS” MS”
Myo-inositol 100 mgl/l 100 mg/l 100 mgl/l
Vitamin B1 1 mg/l 1 mg/l 1 mg/l
Vitamin B6 0.5 mgl/l 0.5 mgl/l 0.5 mgl/l
Nicotinic acid 0.5 mgl/l 0.5 mgl/l 0.5 mgl/l
BAP 0.7 mg/l 0.5 mg/l 0.3 mg/l
FeNaEDTA 36.7 mgl/l 36.7 mg/l 36.7 mg/l
Sugar 30 g/l 30 g/l 30 g/l
Plant Agar 6 g/l 6 g/l 6 g/l

pH adjusted to 5.8

MS - Murashige & Skoog
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Table 4. The influence of the gelling agent upon multiplication rate

Variant Gelling agent Concentration of Nutritive medium No. of
the gelling agent inoculi/vessel

[ Plant agar 6 gll. MS'+0.5 BAP 9

Il Micro-agar 34l MS+0.5 BAP 9

11 Gelrite 249/l MS+0.5 BAP 9

MS - Murashige & Skoog

Table 5. The influence of explant type and number upon multiplication rate

Variant Explants Nutritive medium
B 9 microcuttings 1-1.5 cm in length MS+0.5 mg/l BAP
C 9 microcuttings 1-1.5 cm in length MS+0.3 mg/l BAP
D 16 microcuttings 1-1.5 cm in length MS+0.3 mg/l BAP

Table 6. Variants of media for blackberry rooting

Components Variant X Variant Y Variant Z
MS salts Full concentration Full concentration Full concentration
Myo-inositol 100 mgl/l 7 100 mg/l 100 mg/l
Vitamin B1 1 mg/l 1 mg/l 1 mg/l
Vitamin B6 0.5 mgl/l 0.5 mgl/l 0.5 mgl/l
Nicotinic acid 0.5 mg/l 0.5 mg/l 0.5 mg/l
FeNaEDTA 36.7 mg/l 36.7 mg/l 36.7 mgl/l
IBA 0 mg/l 1 mg/l 1 mg/l
Sugar 30 g/l 30 g/l 30 g/l
Agar 6 g/l 6 g/l 04l
pH =5.8

Table 7. Multiplication rate in the blackberry

Vessel Variant 1 MS+0.7 BAP Variant 2 DKW+0.7 BAP
No. of resulting Multiplication rate No. of resulting Multiplication rate
inoculi inoculi
1 164 18.222 275 30.555
2 185 20.555 165 18.333
3 153 17.000 280 31.111
Average 167.333 18.592 240 26.666

Table 8. The influence of the gelling agent upon multiplication rate in the blackberry

Variant Gelling agent Initial no. of Average no. of Multiplication rate
inoculi/vessel inoculi
resulted/vessel
I Plant agar 9 322.5 35.833
Il Micro-agar 9 270 30.000
Il Gelrite 9 181.5 20.166
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Table 9. The influence of BAP concentration, and number of explants upon blackberry

in vitro multiplication

Variant Vessel |Plant height No. of bushes |No. of bushes |No. of No. of
(cm) resulted/vessel |rooted/vessel |shoots/vessel |shoots/initial

inoculum
A 1 3 8 8 213 23.666
2 4 12 7 202 22.444
3 4.5 9 8 230 25.555
Averages 3.833 9.666 7.666 215 23.888
B 1 4 11 9 167 18.555
2 5 13 13 203 22.555
3 4 12 10 189 21.000
Averages 4.333 12 10.666 186.333 20.703
C 1 7.5 16 10 140 8.750
2 7.5 12 10 159 9.937
3 17 15 213 13.312
Averages 15 11.666 170.666 10.666

Fig.1l. Inoculi used for multiplication

Fig. 2. Inoculi in the Magenta GA; vessel
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Fig. 3. Blackberry on MS +0,7 BAP
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a. b.
Fig. 4 The influence of BAP concentration upon multiplication rate a) no. of inoculi/vessel,
b). no. of inoculi/plant

a b c

Fig.5. In vitro-cultured blackberry on: a) 0.7 mg/l BAP, b).0.5 mg/l BAP, c¢). 0.3 mg/| BAP

219



Scientific Papers of the R.I.F.G. Pitesti, Vol. XXV, 2009

Rooting percentage
9 9 8
100 -~
80 -
60 -
40
20 A
0 T T f
R1 R2 R3

Fig.6. Rooting percentage
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Fig.8. Acclimation in perlite Fig.9. Acclimation in peat+perlite mixture
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Fig. 11. Potted blackberry plants

221



