
Treatment 

Total No.  

of canes per row 

meter  

No. of mature 

canes per row 

meter at the end 

of vegetation 

Average No. of 

bearing canes 

per row meter 

Total  No. of bearing 

canes per ha 

Type of planting material                                         Cv Ļaļanska Bestrna 

ST 27.67 Ñ 3.68 5.47 Ñ 1.18 4.47 Ñ 0.78 14,570.78 Ñ 1,947.07 

TC 27.03 Ñ 3.06 6.08 Ñ 1.24 4.78 Ñ 0.70 15,172.56 Ñ 1,108.87 

Treatment 

Total  No.  

of canes per row 

meter  

No. of mature canes 

per row meter at 

the end of 

vegetation 

Average  No. of 

bearing canes per 

row meter 

Total No. of bearing 

canes per ha 

Type of planting material                                                        Cv Meeker 

ST 68.44 Ñ 13.44 a 11.81 Ñ 1.51 5.57 Ñ 0.42 18,859.86 Ñ 1,413.49  

TC 62.86 Ñ 13.71 b  11.94 Ñ 1.25 5.40 Ñ 0.42 18,496.53 Ñ 1,462.11 

Treatment 
Yield per cane 

(kg) 

Yield per row 

meter (kg) 

Total yield  

(kg ha-1) 

Type of planting material  

ST 1.65 Ñ 1.08 3.30 Ñ 2.16  15,577.90 Ñ 1,822.36  

TC 1.66 Ñ 1.20 3.32 Ñ 2.40  14,982.87 Ñ 3,698.19 

Yield parameters of blackberry cv Ļaļanska Bestrna  

Treatment 
Yield per cane 

(kg) 

Yield per row 

meter (kg) 

Total yield  

(kg ha-1) 

Type of planting material  

ST 0.429 Ñ 0.27 2.474 Ñ 0.52 a 8,243.94 Ñ 708.47 a 

TC 0.375 Ñ 0.23 2.137 Ñ 0.49 b 7,082.25 Ñ 1,689.74 b 

Yield parameters of raspberry cv Meeker  

Pomological properties of blackberry cv Ļaļanska Bestrna  

Treatment 
Fruit weight  

(g) 

Fruit dimensions (mm) 

Length Width  Thickness  

Type of planting material          

ST 7.87 Ñ 1.54 a 24.47 Ñ 3.95 20.77 Ñ 1.85 a 19.94 Ñ 2.16 a 

TC 7.38 Ñ 1.37 b 25.07 Ñ 3.60 19.91 Ñ 2.14 b 19.35 Ñ 2.16 b 

Pomological properties of raspberry cv Meeker 

Treatment 
Fruit weight  

(g) 

Fruit dimensions (mm) 

Length Width  Thickness  

Type of planting material         

ST 3.11 Ñ 0.65  17.45 Ñ 1.96  18.31 Ñ 2.09  16.72 Ñ 2.51  

TC 3.04 Ñ 0.67  17.90 Ñ 2.02  18.17 Ñ 1.75  16.55 Ñ 2.38  
Drupelet properties of blackberry cv Ļaļanska Bestrna  

Treatment 
Number 

within a fruit  

Height  

(mm) 

Diameter 

(mm) 
Shape factor 

Weight of 

drupelet seeds (g) 

Type of planting material 

ST 91.52 Ñ 10.07 6.66 Ñ 0.54 a 4.59 Ñ 0.48  1.50 Ñ 0.11  0.13 Ñ 0.02 b 

TC 89.67 Ñ 6.57 6.10 Ñ 0.63 b 4.33 Ñ 0.49  1.47 Ñ 0.18 0.15 Ñ 0.01 a 

Drupelet properties of raspberry cv Meeker  

Treatment 
Number 

within a fruit  

Height  

(mm) 

Diameter 

(mm) 

Shape 

factor 

Weight of drupelet  

seeds (g) 

Type of planting material  

ST   96.02 Ñ 7.26 4.96 Ñ 0.45 3.43 Ñ 0.68 a 1.51 Ñ 0.28 2.05 Ñ 0.14 b 

TC   94.97 Ñ 7.24 4.87 Ñ 0.58 3.21 Ñ 0.67 b 1.58 Ñ 0.21 2.29 Ñ 0.11 a 

No significant differences were observed between the ST and TC plants of both fruit species regarding any analysed chemical parameter of fresh fruit quality  

Treatment 
TDM  

(%) 

SS  

(%)  

TCP  

(%) 
pH value 

TA  

(%) 

Sugars (%) IS  

(TS/TA ratio)  TS RS SC 

Type of planting material                  

ST 14.96 ° 1.07   9.70 ° 0.94 0.62 ° 0.03 3.10 ° 0.40 1.19 ° 0.17 6.45 ° 1.12 5.63 ° 1.27 0.77 ° 0.26 5.50 ° 1.14 

TC 14.15 ° 1.54    9.52 ° 0.86 0.63 ° 0.04 3.01 ° 0.42 1.28 ° 0.16 6.36 ° 1.04 5.50 ° 1.17 0.82 ° 0.31 5.10 ° 1.38 

Chemical parameters of fresh fruit quality of blackberry cv Ļaļanska Bestrna 

Chemical parameters of fresh fruit quality of raspberry cultivar Meeker 

Treatment 
TDM  

(%) 

SS  

(%) 

TCP  

(%) 
pH value 

TA  

(%) 

Sugars (%) IS  

(TS/TA ratio)  TS RS SC 

Type of planting material                  

ST 18.11 ° 1.16 12.72 ° 0.84  0.71 ° 0.03 3.08 ° 0.26  1.44 ° 0.13 7.88 ° 0.92 7.15 ° 0.82  0.69 ° 0.22 5.47 ° 0.48 

TC 18.21 °  0.94 13.34 ° 0.91  0.73 ° 0.06  3.09 ° 0.21  1.46 ° 0.16  8.31 ° 0.77  7.54 ° 0.68  0.74 ° 0.16  5.79 ° 0.14 

The sensory analysis of fresh fruits of blackberry cv Ļaļanska Bestrna 

Type of 

planting 

material 

Appearance 

(0ï8) 

Taste  

(0ï6) 

Aroma  

(0ï2) 

Consistency 

of fruits  

(0ï4) 

Total 

(0ï20) 

ST 6.2 ° 1.0 4.0 ° 1.0 1.4 ° 0.2 2.8 ° 0.7 14.3 ° 2.9 

TC 5.8 ° 1.2 4.0 ° 1.0 1.2 ° 0.2 2.8 ° 0.7 13.8 ° 3.0 

  ns ns ns ns ns 

The sensory analysis of fresh fruits of raspberry cv Meeker 

Type of 

planting 

material 

Appearance 

(0ï8) 

Taste  

(0ï6) 

Aroma  

(0ï2) 

Consistency 

of fruits  

 (0ï4) 

Total 

(0ï20) 

ST 6.7 ° 0.4 5.2 ° 0.3 1.4 ° 0.1 3.2 ° 0.3 16.5 ° 1.0 

TC 5.8 ° 1.0 4.8 ° 0.8 1.3 ° 0.2 3.1 ° 0.2 15.1 ° 2.1 

  ns ns ns ns ns 
Aromatic (volatile) compounds of blackberry and raspberry fruits  

Bioactive compounds in blackberry and raspberry fruits  

The role of fruits  in disease prevention is partly  associated with  the antioxidant 

properties of their  constituent polyphenolics. Fruit  polyphenols include a wide 

range of compounds such as hydroxycinnamic acids, flavan-3-ols, gallic acid 

derivatives, flavonols, and anthocyanins. 

In  raspberry and blackberry  samples, originated from standard planting material 

or tissue culture material, 10 polyphenolic compounds were detected: 

protocatechuic acid, 4-hydroxybenzoic acid, ellagic acid, gallic acid, p-coumaric 

acid, caffeic acid, ferulic  acid, quercetin, cyanidin, and pelargonidin. In  blackberry  

samples pelargonidin was detected only in 2012. 

With  exception of 4-hydroxybenzoic acid in blackberry, type of planting material 

did not significantly affect bioactive compounds content of both blackberry  and 

raspberry.  

The most abundant phenolic acid in berry  samples was ellagic acid (up to 12.151 

mg/100 g FW for blackberries; up to 10.266 mg/100 g FW for raspberries).  

Trial also included evaluation of winter hardiness, susceptibility/resistance to Didymella applanata, Leptosphaeria coniothyrium and Botrytis cinerea. 

Frost damages were not detected either on blackberry or raspberry plants during three successive experimental years. 

During 2011 no symptoms of diseases were observed on mature canes of blackberry cultivar Ļaļanska Bestrna and raspberry cultivar Meeker. Only a damages caused by raspberry cane midge (Resseliella theobaldi) were noticed on both type of raspberry plants.  

Mature canes of raspberry cultivar Meeker did not show any obvious symptoms of diseases in 2012, too. However, in the second half of May, 2012, Kuehneola uredinis (Link ) Arth ., the causal agent of cane and leaf rust, was identified on blackberry plants originating from both types of planting material. 

Due to the extremely high temperatures and low humidity during September, symptoms of heavy infestation by spider mites were noticed on both blackberry and raspberry plants.  

Symptoms of pests and diseases were not detected either on blackberry or raspberry plants in 2013. 

Literature  provides data on more than 245 volatile components contained in fresh blackberry  fruits  of which hexanol and Ŭ-

terpineol are the most important . In  blackberries grown in some growing areas, ethyl butanoate (giving fruity  character) and 

linalool (imparting  floral,  perfume flavour) are the most important  components affecting aroma, while in some other regions 

these are ɓ-damascenon and geraniol (giving the rose flavour). In  our study, during the year 2011, considerably higher number of 

volatile compounds (129 compounds) was identified in the fruits  of blackberry  cultivar  Ļaļanska Bestrna in comparison with  

next experimental year (67 compounds detected in 2012).  

Also, according to the literature  more than 200 volatile compounds have been detected in raspberry fruit . Flavouring substances 

in raspberry originate from the metabolism of fatty  acids, phenylpropanoids and terpenes. During  the year 2011 some of 81 

compounds were identified in fruits  of raspberry cultivar  Meeker. The number of volatile compounds identified in 2011 was also 

higher than in next experimental year (69 compounds detected in 2012, out of which 6 compounds were not identified). 

Compounds that are important  for raspberry flavour belong to different  chemical classes: alcohols, aldehydes, ketones, esters, 

terpenes and terpene alcohols. Ŭ-and ɓ-ionone are of crucial importance for raspberry flavour. 

Experiments connected with assessment of plants genetic stability  
10.1.  Estimation of DNA ploidy level and relative nuclear DNA content by flow cytometric analysis. 

Flow cytometric analysis was performed by Gerard Geenen, Plant Cytometry Services (Schijndel, The 

Netherlands). To isolate nuclei from plant cells, fresh leaf material was chopped in an ice-cold DNA 

buffer, using a method modified from Arumuganathan and Earle (1991).  

Relative DNA ratio  in leaf samples taken from open field plants of blackberry  cv Ļaļanska Bestrna of different  origin  (left), and raspberry cv 

Meeker (right) . The results obtained indicate that original  DNA ploidy level (tetraploid  for blackberry  and diploid  for raspberry) was maintained in 

tissue culture plants of both fruit  species. 

Origin of plant material  
Relative 

DNA ratio  

CV values of 

DNA peaks 

(%) 

DNA ploidy 

level 

Control plant 1 (ST) 0.830 4.65-4.75 2n = 4x = 28 

Control plant 2 (ST) 0.820 4.35-4.62 2n = 4x = 28 

Tissue culture plant 1  0.825 4.32-4.80 2n = 4x = 28 

Tissue culture plant 2  0.830 4.56-4.71 2n = 4x = 28 

Tissue culture plant 3  0.835 4.72-4.78 2n = 4x = 28 

Tissue culture plant 4  0.830 4.20-4.63 2n = 4x = 28 

Tissue culture plant 5  0.835 4.51-4.86 2n = 4x = 28 

Tissue culture plant 6  0.825 3.81-4.42 2n = 4x = 28 

Tissue culture plant 7 0.835 4.50-5.02 2n = 4x = 28 

Tissue culture plant 8  0.830 4.33-4.82 2n = 4x = 28 

Tissue culture plant 9  0.820 4.18-4.31 2n = 4x = 28 

Tissue culture plant 10  0.835 4.40-4.99 2n = 4x = 28 

Tissue culture plant 11  0.830 4.65-5.28 2n = 4x = 28 

Tissue culture plant 12  0.830 4.67-4.97 2n = 4x = 28 

  ns     

Origin of plant material  
Relative 

DNA ratio  

CV values of 

DNA peaks 

(%) 

DNA ploidy 

level 

Control plant 1 (ST) 0.370 7.24-7.46 2n = 2x = 14 

Control plant 2 (ST) 0.370 7.18-7.34 2n = 2x = 14 

Tissue culture plant 1  0.370 7.22-7.59 2n = 2x = 14 

Tissue culture plant 2  0.375 6.66-7.91 2n = 2x = 14 

Tissue culture plant 3  0.370 7.61-8.68 2n = 2x = 14 

Tissue culture plant 4  0.370 7.39-7.44 2n = 2x = 14 

Tissue culture plant 5  0.370 8.05-8.26 2n = 2x = 14 

Tissue culture plant 6  0.370 7.10-8.26 2n = 2x = 14 

Tissue culture plant 7  0.375 7.75-8.11 2n = 2x = 14 

Tissue culture plant 8  0.375 7.28-7.37 2n = 2x = 14 

Tissue culture plant 9  0.380 7.06-7.06 2n = 2x = 14 

Tissue culture plant 10  0.375 7.51-8.05 2n = 2x = 14 

Tissue culture plant 11  0.375 7.11-7.38 2n = 2x = 14 

Tissue culture plant 12  0.365 8.16-8.94 2n = 2x = 14 

  ns     

10.2. Determination of chromosome number using light microscopy (chromosome counting)  

Chromosome number determination showed normal tetraploid  chromosome number (2n = 4x = 28) in blackberry cultivar Ļaļanska Bestrna plants (left) as well as 

normal diploid chromosome number (2n = 2x = 14) in raspberry cultivar Meeker plants (right ) 

10.3. Polyacrylamide gel electrophoresis of isoperoxidases  

In both cultivars, no qualitative differences (presence of 

additional bands) were detected in POX profiles of plants of 

different  origin  (TC and ST plants). The results obtained also 

indicate genetic stability  of tissue culture originated plants at 

this level of investigation. 

Isoperoxidase patterns of cv Ļaļanska Bestrna leaf samples  Isoperoxidase patterns of cv Meeker leaf samples 

(1-2) control plants originated from 

standard planting material (3-12) 

tissue culture plants. 

Some authors observed differences in the yield and fruit  characteristics of some 

raspberry cultivars propagated using the standard and in vitro methods, in favor of the 

micropropagated plants, concluding that the TC plants typically  had a higher yield and 

a greater fruit  weight. On the other hand, no differences in the yield were observed in 

blackberry.  

Notwithstanding the established differences in the amount of yield and some of the 

other monitored parameters that were in favour of the ST raspberry and blackberry  

plants, the many advantages of the micropropagation ï primarily  the fast and limitless 

production and the possibility of attaining a year-round production of plants, 

supported by the fact that no deformities of the fruits  as well as no genetic variability  

were detected, absolutely justify  the recommendation that planting material 

propagated in this manner ought to be used on a wider scale for establishment of 

raspberry and blackberry  commercial orchards. 

For the final  conclusion longer study of behavior of TC plants are required. 

Kuehneola uredinis (Link ) Arth  

djinaruzic@gmail.com 
  

SUBCONTARCT  P2: WP2, STUDIES ON MICROPROPAGATED  PLANTS OF RED RASPBERRY AND BLACKBERRY  FOR IMPROVING  AVAILABILITY  OF HIGH -QUALITY  PLANTING  MATERIAL  

SUB-TASK 2.1.1. óEvaluation of physiological properties, yield parameters, organoleptic quality  and chemical analyses of the fruits  and disease resistance of raspberry and 

blackberry  genotypes propagated with  the standard technique and in vitroô. 

The in vitro micropropagation as a method of vegetative propagation of plants/fruits  offers many advantages such as fast propagation of clones with  positive traits  and obtaining a large number of plants from a single 

initial  explant, obtaining healthy planting material and the possibility of the year-round production in laboratory  conditions.  

Research into the behavioural patterns of the ex vitro plants/fruits  are rather rare. It  is for these reasons that a considerable contribution  to this area has been made by the research into the potential of using in vitro 

micropropagation in the mass production of raspberry and blackberry, with  an aim of obtaining healthy, genetically stable, physiologically uniform  and true-to-type planting material, when compared to the 

standardly propagated material for these two fruit  species. Finally, the main aim is to introduce of in such manner propagated material into production.  

The orchard was set up using planting material of the raspberry cultivar  Meeker and blackberry  cultivar  Ļaļanska Bestrna, propagated using the standard method (ST plants) and in vitro micropropagation (TC 

plants). Both types of materials were planted comparatively using the block system, with  the 3 x 0.33 m planting distance for the raspberry and 3 x 1.5 m planting distance for the blackberry. The orchard, which has 

an area of 1.8 ares, is covered with  stabilised UV net and equipped with  a drip  irrigation  system. The planting system that was applied was the espalier system, as the most superior and most commonly used system 

for growing raspberry and blackberry  in the conditions of the Republic of Serbia. 

Physiological properties 

Phenological parameters  

Phenological investigation of raspberry and blackberry included monitoring of leafing onset, flower-cluster development, flowering onset, fool blooming, end of flowering, ripening onset, full ripening, end of ripening, 

as well as period of fruit ripening and duration of growing period (from bud swell to shedding onset).  

The differences between plants originated from ST and TC plants were not noticed for any of monitored phenological parameters.  

Vegetative potential and yield parameters  

POX1 

b 

This technique is useful for detecting differences among 

individuals hence changes of isoenzyme patterns could reflect 

gene expression, or even gene changes. 


