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Abstract 
 
Our paper presents aspects regarding the in vitro propagation of three thornless blackberry 
cultivars: ’Loch Ness’, ’Smoothstem’ and ’Thornless evergreen’ for the production of planting 
material. The culture medium used had, as components, 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 and, as 
growth regulator, 6-benzylaminopurine (BAP) at 0.7 mg/l for the in vitro culture initiation phase 
and 0.5 mg/l for the multiplication phase. The in vitro rooting phase was eliminated and the 
rooting of the shoots that resulted from the in vitro multiplication phase was done ex vitro in the 
same phase as acclimation, in float hydroculture. The ex vitro rooted and acclimated plants were 
transferred into potting mix, obtaining container-grown planting material. 
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1. Introduction 

 
For the in vitro propagation of the blackberry (Rubus fruticosus and Rubus laciniatus), in most 

cases, variants of MS (Murashige & Skoog, 1962) nutritive media were used, with growth regulators, 
especially BAP at various concentrations, generally at 1-3 mg/l, auxins (IBA or IAA) at low concentrations 
and GA3  (Babic, and Neskovic, 1984; Bobrowski, et al.,1996; Erig  et al., 2002, Najaf-Abadi A. Jafari and 
Y Hamidoghli 2009; Ružiċ D. and T. Laziċ 2006). WPM was also tested as basal medium and other 
cytokinins were also tested (Zeatin and 2-Ip) with worse results regarding multiplication rates (L. N. 
Leitzke et al 2009), as well as DKW (Fira et al., 2010); in the latter case there were no significant 
differences regarding the multiplication rates as compared to the MS medium. For rooting, generally, 
media containing auxins (IBA, NAA) or with no growth regulators were tested. For the ex vitro acclimation 
of the in vitro-rooted blackberry plantlets, the authors tested various substrates: Plantmax, vermiculite, 
carbonized rice husk or mixtures of these components (Fabiolla Villa et al. 2006, 2009) or float 
hydroponics (Fira. et al, 2009,  2010). 

The aim of this research was to compare the in vitro propagation capacity of the ’Loch Ness’, 
’Smoothstem’ and ’Thornless evergreen’ blackberry cultivars, using optimal concentrations of plant 
hormones, with the elimination of the in vitro rooting phase and the use of ex vitro acclimation by float 
hydroponics, in order to produce planting material. 
 
2. Material and method 

 
 For in vitro culture initiation annual shoots were used, which were cut eliminating the internodes 
and washed with running water and rinsed with sterile deionizer water. Disinfection was done with 20 % 
ACE bleach for 20 minutes and the plant material was rinsed with sterile deionizer water (5 rinses). The 
axillary and apical buds were excised and inoculated into modified MS medium, with 0.7 mg/l BAP (Table 
1), one bud/test tube. 
 In the multiplication phase the same culture medium was used as for initiation, but the BAP 
concentration was reduced to 0.5 mg/l (Table 1). 
 The nutritive media were prepared using stock solutions of micro- and macroelements, vitamins; 
all the components were added to the media before autoclavation. The pH of the media was adjusted to 
5.8. The media were dispensed into 720 ml glass jars (100 ml medium/jar) and sterilized by autoclavation 
at 121 o C for 25 minutes.  

For inoculation, 2 cm long microcuttings were used, 7 inoculi/jar. Incubation was carried out in the 
growth chamber in artificial light provided by fluorescent tubes (2400 Lux) at the temperature of 24-26oC 
and 16-hour photoperiod. 
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 After 3 multiplication cycles of 3 months each, the multiplication rates/inoculum and vessel were 
established, considering the 2 cm long shoots and shoots fragments. From some of the shoots, several 2 
cm long microcuttings could be obtained. Fresh biomass per plantlet and per resulted inoculum were also 
established. Having in view the acclimation phase, the number of shoots suitable for acclimation 
resulting/vessel was also established. These were obtained from the 7 initial inoculum / vessel. For this 
purpose, only the whole shoots suitable for acclimation were counted, at least 2 cm in length, without 
hyperhydricity or deformation. The non-rooted shoots, resulting from the multiplication medium were 
separated and transferred directly ex vitro into float hydroculture. The procedure consisted of transferring 
bunches of separate shoots into plastic cell trays which were maintained afloat in mini-basins containing 
water at the pH=7. In the first phase the basins were maintained in the growth room in controlled 
environmental conditions and then they were placed into the greenhouse. 
 
3. Results and discussions 
 
 In vitro culture initiation was carried out, in all three tested cultivars, on modified MS medium, with 
0.7 mg/l BAP (Table 1); the highest survival rate was 75 %, in cultivar Loch Ness.  
 Having in view the high multiplication rates obtained in other blackberry cultivars propagated at 
the Fruit Research Station of Cluj, in the multiplication phase the concentration of BAP was reduced to 
0.5 mg/l. In these conditions it was found that, in the multiplication phase, in all three cultivars tested there 
were great variations regarding biomass, sizes and multiplication rates among the 7 inoculi in the same 
vessel.  Such, in cultivar ’Loch Ness’, 1 inoculum/vessel underwent necrosis and the other 6 regenerated 
plantlets that had various sizes, with various multiplication rates, from 4 to 147 microcuttings 
resulting/plantlet. Nevertheless, the average multiplication rates/vessel had similar values, between 35.29 
and 41.86. The average multiplication rate was of 40.18 times in the cultures with a multiplication cycle of 
3 months, respectively 281.25 inoculi resulted/vessel (Table 3). The average number of whole shoots 
suitable for acclimation was of 151.75/vessel, respectively 21.69 shoots/initial inoculum (Table 2). 
 In cultivar ’Smoothstem’ (Fig. 1) it is to be mentioned that in the vessel in which 3 inoculi died the 
multiplication rate is the highest (95.86 times), whereas in the vessel in which all 7 inoculi survived there 
is the lowest multiplication rate, 51.29. The average multiplication rate was of 75.68 in the culture cycle of 
3 months, respectively 529.75 inoculum resulted/vessel (Table 4). The average number of shoots suitable 
for acclimation was of 251.25/vessel, respectively 35.89 shoots/initial inoculum (Table 2). 
 Cultivar ’Thornless Evergreen’ reacted in a way similar to ’Smootstem ’, with an average 
multiplication rate of  77.04 times, respectively 539.28 inoculi resulted/vessel. In this case, also, it is to be 
mentioned that in the vessel in which all 7 inoculum survived there was the lowest multiplication rate, of 
58.71 times, whereas in the vessel with 1 inoculum that underwent necrosis the multiplication rate was of 
104.43 times (Table 5). In cultivar ’Thornless Evergreen’ the average number of shoots suitable for 
acclimation was of 296.25/vessel, respectively 42.32 shoots/initial inoculum (Table 2). 

Compared to the average value of the experiment, which was considered as control variant, 
statistically significant values were registered in two of the cultivars studied. In cultivar ’Thornless 
Evergreen’ the differences were significantly positive as compared to the average value of the 
experiment, whereas for cultivar ’Loch Ness’ the differences were significantly negative (Table 6). 
 The significance of differences regarding the multiplication rates for the three blackberry cultivars 
evaluated by the Duncan test (Table 7) confirms the fact that the cultivars ’Smoothstem’ and ’Thornless 
Evergreen’ had multiplication rates higher as compared to ‚Loch Ness and between ’Smoothstem’ and 
’Thornless Evergreen’ the differences are non-significant. Rooting and acclimation were carried out in the 
same phase, ex vitro in float hydroculture, this being the fastest and most effective method for ex vitro 
rooting and acclimation in the blackberry. In greenhouse conditions (May-July) the first roots appeared 
after 10 days and after one month the plantlets were rooted and acclimated and could be transplanted 
into pots with potting mix (Fig. 2). In cultivar ’Loch Ness’, after 6 weeks the percentage of well rooted 
plantlets was of 74 %.  This percentage can get close to 100 % if well-developed, vigorous shoots are 
used, several cm in length. In all the cultivars tested, the plantlets that were transplanted to pots in May-
July grew very well and acquired stem lengths of 40-80 cm and were suitable for being used as planting 
material for the following autumn or spring (Fig. 3). 
 
4. Conclusions 
 

1. The blackberry cultivars ’Loch Ness’, ’Smoothstem’ and ’Thornless Evergreen’ can be efficiently 
propagated in vitro. 

2. For the initiation and in vitro multiplication of these blackberry cultivars we recommend the 
nutritive medium with the following components: 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 and, as growth regulator, 6-
benzylaminopurine at the concentration of 0.5 mg/l. 
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3. The three blackberry cultivars do not require in vitro rooting. Ex vitro rooting can be carried out 
successfully in float hydroculture in the same phase with acclimation. This is a more economical method, 
from the point of view of necessary materials and space and, especially, man power. By applying this 
method, the first roots appear after 10 days in culture and after one month the plantlets are rooted and 
acclimated and can be transplanted into potting mix.  

4. From the material propagated in vitro as soon as January-February, during spring and summer 
very good quality planting material was obtained, at least 50 cm in length, suitable for the establishment 
of plantations in the autumn of the same year (Tab. 8).  

 
 Acknowledgements. This work was supported by CNMP Romania, project number 52-165 PNII – 
Program 4, Partnerships in high priority domains 
 
5. References 
 

1. Babic', V and Neskovic', M.,1984. Propagation of threeblackberry cultivars from small apical 
buds in vitro. Journal of Hortic. Science, 59(2): 183-185.  

2. Bobrowski V. L , P. C. Mello-Farias and J. A. Peters, 1996. Micropropagation of blackberries 
(Rubus sp.) cultivars, Rev. Bras. De Agrociencia, 2(1) 17-20 

3. Erig, A. C and M. W. Schuch, 2005. Tipo de luz na multiplicacao in vitro de framboeseira 
(Rubus idaeus L.) Batum, Rev. Bras. Frutic., Jaboticabal 27(3): 488-490. 

4. Fira, Al., D. Clapa and C. Plopa, 2009. Micropropagation of Blackberry Cultivar Thornless 
Evergreen, Simpozionul „Cercetarea pomicolă – o şansă pentru agricultura românească”, 12 nov. 2009, 
ICDP Pitesti Maracineni. 

5. Fira, Al. D. Clapa and C. Plopa. 2010. New Aspects Regarding the Micropropagation of 
Blackberry Cultivar ‘Thornless evergreen’.  Bulletin UASVM Horticulture, 67(1)/2010, 

6.Leitzke, L. N., C. R. Damiani; M. Wulff Schuch. 2009. Multiplicação e enraizamento in vitro de 
amoreira-preta 'Xavante': efeito da concentração de sais, do tipo de explante e de carvão ativado no 
meio de cultura. Ciênc. agrotec., Lavras, v. 33, Edição Especial, p. 1959-1966, 

7. Murashige T. and F. Skoog., 1962. A revised medium for rapid growth and bioassays with 
tabacco tissue culture, Physiol. Plant 15: 473-497. 

8. Najaf-Abadi, A. Jafari and Y. Hamidoghli. 2009. Micropropagation of thornless trailing 
blackberry (Rubus sp.) by axillary bud explants. Australian Journal of Crop Science 3 (4): 191-194,  

9. Ružić, D., and T. Lazić. 2006. Micropropagation as Means of Rapid Multiplication of Newly 
Developed Blackberry and Black Currant Cultivars. Agric. Conspec. Sci. Vol. 71, No. 4; 

10. Ruzic, D. and T. Lazic., 2007. Organogenesis In Vitro from the Leaf of Blackberry cv . 
Čačanska Bestrna. Genetika, 39(1): 69 -78; 

11. Villa, F., P. Moacir, L. A.Salles Pio and G. Sales Teodoro, 2009. Cloreto de sodio e acido 
naftalenoacetico no enraizamento de microestacas de amoreira-preta cv. Brazos in vitro. Ciênc. agrotec., 
Lavras, v. 33, Edição Especial, p. 1819 -1824; 

12. Villa, F., P. Moacir, L. A.Salles Pio and G. Sales Teodoro 2006. Multiplicacao in vitro de 
amoreira-preta cultivar Brazos. Ciênc. agrotec., Lavras, v. 30, n. 2, p. 266-270; 
 
Table and figures 
 
Table 1.The nutritive medium for the initiation and multiplication of blackberry cultivars ‘Loch 
Ness’, ‘Smoothstem’ and ‚Thornless evergreen’ 
 

Components Concentration 
Initiation Multiplication 

Salts MS*, full concentration MS*, full concentration 
Myo-inositol 100 mg/l 100 mg/l 
Vitamin B1 1 mg/l 1 mg/l 
Vitamin B6 0.5 mg/l 0.5 mg/l 
Nicotinic acid  0.5 mg/l 0.5 mg/l 
BAP 0.7 mg/l 0.5 mg/l 
FeNaEDTA 36,7 mg/l 36,7 mg/l 
Sugar 30 g/l 30 g/l 
Agar  6 g/l 6 g/l 
pH adjusted to 5.8   

•42 Murashige & Skoog 1962 
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Table 2. Proliferation rates – shoots suitable for acclimation, in cultivars ‘Loch Ness’, 
‘Smoothstem’ and ‘Thornless evergreen’ 

 
Vessel No. 

Inocula 
/ vessel 
 

No. Of shoots suitable for acclimation Proliferation rates- shoots/explant 
Loch Ness Smoothstem 

 
Thornless 
evergreen 

Loch 
Ness 

Smoothstem 
 

Thornless 
evergreen 

1 7 140 290 305 20 41.42 43.57 
2 7 165 210 367 23,57 30 52.43 
3 7 157 270 252 22,48 38.57 36 
4 7 145 235 261 20,71 33.57 37.28 

Media 7 151.75 251.25 296.25 21.69 35.89 42.32 
 
Table 3. Multiplication rates and fresh biomass in blackberry cultivar  ‘Loch Ness’ 
 

Vessel Plant Biomass/ 
plant (g) 

Multiplication 
rate/plant 

Biomass/ 
resulted 

inoculum (g) 

Average 
multiplication 
rate/vessel 

Average 
multiplication 
rate/variant 

0 1 2 3 4 5 6 
1 1 1.14 12 0.1 

41.86 

40.18 

 2 2.3 45 0.05 
 3 1.87 32 0.06 
 4 3.31 48 0.07 
 5 6.91 108 0.06 
 6 2.39 48 0.05 
 7 - -  

2 1 5.64 50 0.11 

44.29 

 2 2.57 36 0.07 
 3 4.16 49 0.08 
 4 0.81 8 0.1 
 5 11.33 147 0.08 
 6 1.45 20 0.07 
 7 - -  

3 1 1.77 30 0.06 

35.29 

 2 1.63 26 0.06 
 3 0.26 4 0.07 
 4 1.4 17 0.08 
 5 1.47 39 0.04 
 6 6.59 131 0.05 
 7 - -  

4 1 2.63 48 0.05 

39.29 

 2 2.11 37 0.06 
 3 2.1 41 0.05 
 4 0.99 10 0.1 
 5 2.98 42 0.07 
 6 6.99 97 0.07 
 7 - -  

 
Table 4 Multiplication rates and fresh biomass in blackberry cultivar  ‘Smoothstem’ 

 
Vessel Plant Biomass/ 

plant (g) 
Multiplication 

rate/plant 
Biomass/ 
resulted 

inoculum (g) 

Average 
multiplication 
rate/vessel 

Average 
multiplication 
rate/variant 

1 1 8.21 177 0.05 

95.86 75.68 

 2 3.19 95 0.03 
 3 16.55 297 0.06 
 4 3.85 102 0.04 
 5 - - - 
 6 - - - 
 7 - - - 
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2 1 0.9 16 0.06 

62.57 

 2 3.11 82 0.04 
 3 0.63 12 0.05 
 4 2.42 49 0.05 
 5 2.86 58 0.05 
 6 10.67 221 0.05 
 7 - - - 

3 1 2.87 61 0.05 

51.29 

 2 1.24 17 0.07 
 3 2.3 33 0.07 
 4 0.63 23 0.03 
 5 1.67 11 0.15 
 6 0.99 23 0.04 
 7 11.53 191 0.06 

4 1 0.78 13 0.06 

93 

 2 5.94 159 0.04 
 3 4.62 124 0.04 
 4 4.76 158 0.03 
 5 1.39 28 0.05 
 6 5.32 169 0.03 
 7 - - - 

 
 
Table 5 Multiplication rates and fresh biomass in blackberry cultivar ‘Thornless Evergreen’ 
 

Vessel Plant Biomass/ 
plant (g) 

Multiplication 
rate/plant 

Biomass/ 
resulted 

inoculum (g) 

Average 
multiplication 
rate/vessel 

Average 
multiplication 
rate/variant 

1 1 19.98 311 0.06 

76.14 

77.04 

 2 7.22 151 0.05 
 3 2.9 55 0.05 
 4 0.65 7 0.09 
 5 0.62 9 0.07 
 6 - - - 
 7 - - - 

2 1 2.66 48 0.05 

104.43 

 2 1.57 28 0.07 
 3 4.54 97 0.05 
 4 4 56 0.07 
 5 1.97 31 0.06 
 6 25.21 471 0.05 
 7 - - - 

3 1 0.26 3 0.08 

58.71 

 2 4.7 100 0.05 
 3 1.56 26 0.06 
 4 2.92 40 0.07 
 5 4.58 89 0.05 
 6 2.17 37 0.06 
 7 5.95 116 0.05 

4 1 3.15 42 0.08 

68.86 

 2 1.69 21 0.08 
 3 0.86 10 0.09 
 4 0.35 4 0.09 
 5 2.21 40 0.05 
 6 24.1 365 0.07 
 7 - - - 
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Table 6 Differences regarding the proliferation rates (shoots suitable for acclimation) 
 

Cultivar Average 
multiplication 

rate 

Average 
multiplication rate 

% 

Difference 
± 

Significance of 
differences 

Average 33.30 100.0 0.00 Mt. 
‘Loch Ness’ 21.69 65.1 -11.61 0 

’Smoothstem’ 35.89 107.8 2.59 - 
‘Thornless evergreen’ 42.32 127.1 9.02 (*) 

      DL (p 5%)= 10.20 
      DL (p 1%)= 15.45 
   DL (p 0.1%)= 24.81 
 
Table 7 The significance of differences of multiplication rates evaluated by the Duncan test 
 

Cultivar Average multiplication rate Classification 
‘Loch Ness’ 21.69 A 

’Smoothstem’ 35.89 B 
‘Thornless evergreen’ 42.32 B 

 
 

Table 8. Production scheme for container-grown blackberry planting material obtained via 
micropropagation 

 
Phase Period (month) 

I II III IV V VI VII VIII IX X XI XII 
Initiation  

 
             

Multiplication  
 

           

Rooting and 
acclimation  

 
 

           

Potting  
 

            

Plantation  
establishment 
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Figure 1. Blackberry cultivar ’Smoothstem’ highly proliferated in vitro 
 
 
 
 
 
 
 
 
 

Figure. 2. Blackberry shoots rooted and acclimated ex vitro in float hydroculture 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Container-grown blackberry planting material 


