
Proceedings of the XIII International Scientific Agricultural Symposium “Agrosym 2022” 

166 

OPTIMIZATION OF THE PROTOCOL FOR IN VITRO PROPAGATION OF 

AUTOCHTHONOUS PLUM GENOTYPE ‘METLAŠ’ 

Tatjana VUJOVIĆ
*
, Darko JEVREMOVIĆ, Tatjana ANĐELIĆ, Bojana VASILIJEVIĆ 

Fruit Research Institute, Čačak, Serbia  

*Corresponding author: tvujovic@institut-cacak.org 

 

Abstract 

 

Fast and cost-effective clonal propagation of planting material is possible to achieve by 

application of tissue culture in vitro. In this way, problems associated with traditional 

propagation, such as rapid spreading of diseases, lack of initial material caused by dependence 

on seasonal growth or low propagation coefficient can be overcome. This paper deals with 

optimization of micropropagation of autochthonous plum ‘Metlaš’ (Prunus domestica L.) 

originated from Guberevci (Municipality Knić, Serbia). ‘Metlaš’ is very often considered to be 

the same genotype as ‘Okruglica’ (syn. ‘Dragačica’), but they can be clearly distinguished 

according to plant habit, stone and fruit characteristics. To optimize multiplication stage, the 

influence of benzyladenine (BA at 0.5, 1.0, 1.5 and 2.0 mg l
-1

) and thidiazuron (TDZ at 0.25, 0.5, 

1.0 and 1.5 mg l
-1

) on the multiplication capacity (multiplication index, length of axial and lateral 

shoots) was examined. Rooting ability of shoots (rooting rate, number and length of roots, and 

height of rooted plants) was monitored on half strength Murashige and Skoog (MS) medium 

containing 1.0 mg l
-1

 indole-3-butyric acid (IBA) or 1-naphthaleneacetic acid (NAA), each 

combined with 0.1 mg l
-1

 gibberellic acid (GA3). TDZ applied at 0.25 mg l
-1

 gave the highest 

multiplication index (9.1), while the longest axial (14.1 mm) and axillary shoots (8.6 mm) were 

obtained on medium with 1.5 mg l
-1 

BA. Although both auxins proved to be efficient in 

rhizogenesis (rooting rates being 85.7% and 95.2%), higher values of all rooting parameters were 

observed in the presence of IBA. Rooted shoots were successfully acclimatized.  
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Introduction 

 

Plum is a very important fruit species native throughout the Northern Hemisphere but mostly in 

the temperate zone. According to the production, plum is ranked as the fourth most important 

cultivated fruit tree crop in temperate climate (after apple, pear and peach), accounted for 7% of 

total word production of temperate fruits (FAOSTAT, 2019). Today, the most globally cultivated 

plum species are the hexaploid (2n = 6x = 48) European plums (Prunus domestica L.) and the 

diploid (2n = 2x = 16) Japanese plums (Prunus salicina Lindl.) (Sottile, 2022). Contrary to 

Japanese plums which are widely grown for fresh consumption, European plums are 

commercially grown worldwide for a number of uses including fresh consumption, cooking, 

baking, drying, canning, distilling (brandy production), as well as other types of processing. 

However, cultivated European plums show very limited intra-specific genetic variability 

(Zhebentyayeva et al., 2019), due to modernization of agriculture, loss of local ecotypes, 

inbreeding and/or use of a limited number of founders in breeding processes (Sottile et al, 2022).  

While other breeding programs face narrowing of genetic diversity of plums, Serbia as well as 

other regions of former Yugoslavia is rich in old plum cultivars, primitive forms and 
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autochthonous biotypes (landraces) (Milošević et al., 2010; Vukojević et al., 2012) suitable for 

selection and breeding of both cultivars and Prunus rootstocks (Paunović and Paunović, 1994). 

Still, this rich plum germplasm is directly treated due to continuous introduction of improved 

newly-bread cultivars as well as to the climate change and increased rate of infection with 

Sharka virus (Plum pox virus – PPV) which affect many local cultivars and biotypes of plums 

(Botu et al., 2012). Considering the importance of these valuable plum genetic resources there is 

an urgent need to develop new concepts of its sustainable conservation, management and 

utilization. Beside that, there has been an increased interest in establishing new commercial 

orchards of these autochthonous cultivars as they display higher adaptability to local 

agroecological conditions and are suitable for low-input farming. Beside being used for 

production of high quality brandies (Popović et al., 2015), fruits of these genotypes have high 

nutritional value and antioxidant activity (Tomić et al., 2019) and could be suitable for fresh use 

as well (Milošević and Milošević, 2012). 

In vitro approaches are useful tools for rapid clonal propagation of true-to-type, disease-free and 

uniform plants (Vujović et al., 2020) as well as for medium- to long-term conservation of 

vegetatively propagated plants such as fruit tree species (Engelmann, 2004). Micropropagation 

has found the widest practical application of all in vitro techniques in fruit growing, so it has 

become a standard method of propagation for many fruit species, especially for vegetative 

rootstocks, berry fruit species and other fruit tree species that are grown on their own roots such 

as autochthonous plum species. Successful in vitro clonal propagation is determined by many 

factors such as genotype, mineral composition of nutrient medium (Ružić et al., 2003), type and 

concentration of carbon sources (Ružić et al., 2008; Yaseen et al., 2012), light conditions and 

plant growth regulators (PGRs) (Ružić and Vujović, 2008).  

The aim of this paper was to develop efficient protocol for micropropagation of virus-free 

autochthonous plum ‘Metlaš’ (Prunus domestica L.) through: i) optimization of multiplication 

stage by using two cytokinins – N
6
-benzyladenine (BA) and thidiazuron (TDZ) applied at 

different concentrations, ii) evaluation of rooting ability of in vitro shoots on medium containing 

different auxins – indole-3-butyric acid (IBA) or 1-aphthaleneacetic acid (NAA), and iii) 

monitoring of acclimatization ability of both in vitro rooted and unrooted shoots under the ‘mist’ 

system in greenhouse. 

 

Material and Methods 

 

Field grown virus-free clone of autochthonous plum cultivar ‘Metlaš’ (Prunus domestica L.) 

originated from Guberevci (Municipality Knić, Serbia) was used as a source of initial material 

for establishment of aseptic culture. Aseptic culture of this genotype was established according 

to the procedure previously described by Vujović et al. (2021). Upon establishment of aseptic 

culture, uniform single shoots were multiplied on Murashige and Skoog (1962) medium (MS) of 

constant PGR composition: 1 mg l
-1

 BA, 0.1 mg l
-1

 NAA and 0.1 mg l
-1

 gibberellic acids (GA3).  

To optimize multiplication, the influence of type and concentration of cytikinins (BA and TDZ) 

on the multiplication capacity and shoot quality was examined in the fifth subculture. Cytokinins 

were applied at following concentrations: i) BA at 0.5, 1.0, 1.5 and 2.0 mg l
-1

; ii) TDZ at 0.25, 

0.5, 1.0 and 1.5 mg l
-1

. All media contained 30 g l
-1

 sucrose and 7 g l
-1

 agar. The pH value was 

adjusted to 5.7 before autoclaving at 121°C, 150 kPa for 20 min. Shoots were subcultured twice 

at a 28 day-interval on the medium of the same PGR composition, and therefore multiplication 

parameters were determined in the second subculture. The following parameters were monitored: 
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multiplication index (the number of newly formed axillary shoots >5 mm per initial shoot tip), 

length of axial shoots and length of lateral shoots. Some specific issues, such as leaf color, leaf 

and callus size, leaf roll, incidence of chlorosis, or necrosis along with occurrence of fasciation 

and hyperhydricity were also monitored. 

Rooting was performed on the MS medium with mineral salts reduced to ½-strength and organic 

complex unchanged. Rooting treatments included two PGR combinations: i) 1 mg l
-1

 IBA and 

0.1 mg l
-1

 GA3, and ii) 1 mg l
-1

 NAA and 0.1 mg l
-1

 GA3. The percentage of rooted plants was 

determined after 28 days along with the number and length of roots, and height of rooted plants.  

Each treatment in multiplication and rooting stages included 42 uniform shoots (three replicates 

of two culture vessels with seven shoots each). Shoot cultures were grown in 100 ml culture 

vessels containing 50 ml of multiplication or rooting medium, at 23 ± 1°C and 16-h photoperiod 

(light intensity, 41 µmol m
-2

 s
-1

). 

Both rooted and unrooted shoots were removed from culture vessels, washed carefully with 

water to remove adhering medium, transferred to plastic pots containing sterile soil substrate 

(Klassmann Steckmed – mixture of white sod peat, white peat and perlite) and acclimatized on a 

‘mist’ bench in a greenhouse for two weeks (Mist system type ‘Electronic leaf’, MC Company, 

Belgrade). 

All data were analyzed by ANOVA, followed by Duncan’s Multiple Range Test (P < 0.05) for 

means separation. Data presented in the form of percentage were subjected to arcsine 

transformation. 

 

Results and Discussion 

 

Determination of the most optimal types and concentrations of PGRs is one of the most 

important aspects in plant tissue culture especially in proliferation stage. It is well known that 

cytokinins play multiple roles in the plant development such as promotion of cell division and 

cell expansion, plant protein synthesis stimulation and the activities of some enzymes (Arab et 

al., 2014). A wide range of cytokinin types and concentrations are effective for in vitro culture 

even though the requirements among species are different. Some investigators have reported that 

benzyladenine (BA) and thidiazuron (TDZ) are the two cytokinins most commonly used in stone 

fruit micropropagation (Ružić and Vujović, 2008). BA is frequently applied in Prunus rootstock 

micropropagation (Vujović et al., 2018), while TDZ has also been reported to be appropriate for 

in vitro proliferation of some Prunus spp. (Arab et al., 2014).  

Monitoring of multiplication capacity of autochthonous plum ‘Metlaš’ revealed that TDZ, although 

applied at lower concentrations, is more efficient for micropropagation of this genotype comparing to 

BA (Table 1). Namely, multiplication index of shoots grown on media with TDZ ranged between 5.9 

and 9.0 which was significantly higher than multiplication indexes obtained on media with BA (2.5–

5.8). The highest multiplication index was achieved with lowest TDZ concentration (0.25 mg l
-1

) 

(Fig. 1a). The increase in TDZ concentration has led to a gradual and significant decline in 

multiplication capacity of shoots. In contrast, increase in BA concentration to 1.5 mg l
-1

 and above 

caused significant increase in the multiplication index (Fig. 1b). Although all cytokinins stimulate 

cell division, axillary bud formation and shoot multiplication, it is well known that the effect of 

different cytokinins is highly genotype dependent (Dobránszki and Teixeira da Silva, 2010). 

Similarly to our results, some investigators reported that TDZ at low concentration is more effective 

than purine adenine derivatives in Prunus micropropagation (Espinosa et al., 2006; Canli and Tian, 

2008). However, Tang et al. (2002) and  Ružić and Vujović (2008) reported that BAP is more 
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efficient than TDZ in P. avium and P. cerasus, although high concentrations of cytokinins of adenine 

type are often necessary for growth and differentiation in Prunus spp. (Arab et al., 2014) which has 

been confirmed in our study.  

According to Huetteman and Preece (1993), TDZ may inhibit shoot elongation and cause 

shortening of internodes. In our research axial and lateral shoots grown on media containing 

TDZ were significantly shorter compared to those cultivated on media supplemented with BA at 

concentration of 1.5 mg l
-1

 and above. Fasciation or hyperhydricity, phenomena that are often 

associated with TDZ application in tissue culture (Kadota and Niimi, 2003) were not noticed 

even on shoots grown on medium with the highest TDZ concentration. 

The rooting stage in micropropagation is very important as it directly affects greenhouse survival and 

acclimatization success of in vitro plants. Rooting difficulties occur in micropropagation of both 

fruit-bearing and ornamental species belonging to Prunus genus (Wiszniewska et al., 2016). Despite 

the attempts directed towards higher effectiveness of the rhizogenesis, European plums usually 

exhibit poor rooting ability of in vitro induced shoots, which could be the major drawback in 

commercial micropropagation. According to Tian et al. (2007), use of 1-naphthaleneacetic acid 

(NAA) at higher concentrations instead of indole-3-butyric acid (IBA) can increase rooting 

efficiency of P. domestica L. Vujović et al. (2020) also reported that shoots of autochthonous plum 

‘Crvena Ranka’ cultured on the medium supplemented with NAA displayed higher rooting ability 

(60%) in comparison with those grown on the medium containing IBA at the same concentration 

(20%). Contrary to those results, ‘Metlaš’ exhibited a much better rooting performance (Tab. 2; Fig. 

1c-d), rooting rate being between 85.7% (medium with NAA) and 95.2% (medium with IBA). Also, 

plantlets rooted on medium with IBA had significantly longer roots compared to those rooted on 

medium with NAA. 

Following in vitro rooting shoots were successfully acclimatized (90,0%), while percentage of 

acclimatization of unrooted shoots was markedly lower (15,0%). 

 

Table 1. Multiplication parameters of autochthonous plum genotype ‘Metlaš’ on MS medium 

(Murashige and Skoog, 1962) of different plant growth regulator (PGR) composition. 

PGR composition of 

medium (mg l
-1

) 

Multiplication index Length of axial 

shoot (mm) 

Length of lateral 

shoots (mm) 
a
BA 0.5  2,7 f 12,3 b   6,2 bc 

BA 1.0 2,5 f 11,7 b 5,7 c 

BA 1.5 3,2 e 14,1 a 8,6 a 

BA 2.0 5,8 d 14,0 a 6,4 b 
b
TDZ 0.25 9,0 a 12,1 b 6,7 b 

TDZ 0.5 7,9 b 12,7 b 6,5 b 

TDZ 1.0 6,2 c 11,9 b 6,8 b 

TDZ 1.5 5,9 d 11,9 b 6,5 b 
Mean values for each parameter followed by the same letter are not significantly different according to Duncan’s 

Multiple Range Test (P < 0.05); 
a
BA – N

6
-benzyladenine; 

b
TDZ – thidiazuron. 
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Figure 1. Shoots of autochthonous plum ‘Metlaš’ in the multiplication stage on MS medium with 2.0 

mg l
-1

 BA (a) and 0.25 mg l
-1

 TDZ (b), and in the rooting stage on half-strength MS medium 

containing 0.1 mg l
-1

 GA3 in combination with 1.0 mg l
-1

 IBA (c) or 1.0 mg l
-1

 NAA (d). 

Table 2. Rooting parameters of autochthonous plum genotype ‘Metlaš’ on half-strength MS 

medium (Murashige and Skoog, 1962) of different plant growth regulator (PGR) composition. 

PGR composition of 

medium (mg l
-1

) 

Rooting rate     

(%) 

Number of         

roots 

Root length 

(mm) 

Rooted shoots 

length (mm) 
a
IBA 1.0 + 

b
GA3 0.1 95.2 a 3.5 5.2 a 12.9 

c
NAA 1.0 + GA3 0.1 85.7 b 3.1 3.0 b 12.5 

Mean values for each parameter followed by the same letter are not significantly different according to Duncan’s Multiple 

Range Test (P < 0.05); 
a
IBA – indole-3-butyric acid; 

b
GA3 – gibberellic acid; 

c
NAA – 1-aphthaleneacetic acid. 

 

Conclusions 

 

In this paper, we presented an optimized protocol for successful in vitro propagation of indigenous 

plum genotype ‘Metlaš’. Analysis of the effect of cytokinin type and concentration on 

multiplication phase indicates that TDZ, although applied at lower concentrations, is more efficient 

in micropropagation of this genotype than BA. As regards of rhizogenesis, ‘Metlaš’ displayed high 

rooting ability with both IBA and NAA. Nevertheless, considering rooting percentage and root 

length, IBA could be recommended as more effective. The results obtained can find practical 

application in commercial laboratories for clonal propagation of planting material of genotype 

‘Metlaš’ for establishment of new commercial orchards. 

 

Acknowledgments 

 

This work was partially funded by the Ministry of Education, Science and Technological 

Development of the Republic of Serbia (Contract number: 451-03-68/2022-14/200215) and the 

Scientific Fund of the Republic of Serbia (program PROMIS, project CryoPlum). 

  



Proceedings of the XIII International Scientific Agricultural Symposium “Agrosym 2022” 

171 

References 

 

Arab M., Yadollahi A., Shojaeiyan A., Shokri S., Ghojah S. (2014). Effects of nutrient media, 

different cytokinin types and their concentrations on in vitro multiplication of G×N15 

(hybrid of almond × peach) vegetative rootstock. Journal of Genetic Engineering and 

Biotechnology, 12: 81–87. 

Botu M., Tomić L., Cvetković M., Gjamovski V., Jemrić T., Lazović B., Ognjanov V., Pintea 

M., Sevo R., Achim G., Bozović Đ., Carka F., Cicek D., Jacimović V., Kiprijanovski M., 

Juraveli A., Hjalmansson I. (2012). Balkan Pomology - Plums. SEEDNet’s WG for Fruit 

and Vitis: Alnarp, Sweden, pp.16–164. 

Canli F.A., Tian L. (2008). In vitro regeneration from stored mature cotyledons of sweet cherry 

(Prunus avium L.) cultivars. Scientia Horticulturae, 116: 34–40. 

Dobránszki J., Teixeira da Silva J.A. (2010). Micropropagation of apple – A review. 

Biotechnology Advances, 28 (4): 462–488. 

Engelmann F. (2004). Plant cryopreservation: progress and prospects. In Vitro Cellular and 

Developmental Biology-Plant, 40: 427–433. 

Espinosa A.C., Pijut P.M., Michler C.H. (2006). Adventitious shoot regeneration and rooting of 

Prunus serotina in vitro culture. HortScience, 41(1): 193–201.  

Faostat (2019) Food and Agriculture Organization of the United Nations, 2019. Production: 

Crops. http://faostat.fao.org 

Huetteman C.A., Preece J.E. (1993). Thidiazuron: a potent cytokinin for woody plant tissue 

culture. Plant Cell, Tissue and Organ Culture, 33: 105–119. 

Kadota M., Niimi Y. (2003). Effect of cytokinin types and their concentration on shoot 

proliferation and hyperhydricity in in vitro pear cultivar shoots. Plant Cell, Tissue and 

Organ Culture, 72: 261–265. 

Milošević T., Milošević N. (2012). Phenotypic diversity of autochthonous European (Prunus 

domestica L.) and Damson (Prunus insititia L.) plum accessions based on multivariate 

analysis. Horticultural Science, 39: 8–20. 

Milošević T., Milošević N., Mratinić E. (2010). Morphogenic variability of some autochthonous 

plum cultivars in western Serbia. Brazilian Archives of Biology and Technology, 53(6): 

1293–1297.  

Murashige T., Skoog F. (1962). A revised medium for rapid growth and bioassays with tobacco 

tissue cultures. Physiologia Plantarum, 15: 473–497. 

Paunović S.A., Paunović A.S. (1994). Investigations of plum and prune cultivars (Prunus 

domestica L. and Prunus insititia L.) in situ in SFR Yugoslavia. Acta Horticulturae, 359: 

49–54.   

Popović B., Nikićević N.,  Tešević V.,  Urošević I., Mitrović O., Kandić M. (2015). Sensory 

properties of plum brandies obtained by blending distillates of plum cultivar ‘Crvena 

Ranka’ and other cultivars. Journal of Pomology, 49(191/192): 99–105.  

Ružić Đ., Sarić M., Cerović R., Ćulafić Lj. (2003). Contents of macroelements and growth of 

sweet cherry rootstock in vitro. Biologia Plantarum, 46: 463–465. 

Ružić Đ., Vujović T. (2008). The effects of cytokinin types and their concentration on in vitro 

multiplication of sweet cherry cv. Lapins (Prunus avium L.). Horticultural Science, 35: 12–21. 

Ružić Đ.V., Lazić T.I., Cerović R.M. (2008). Micropropagation of some Prunus and Pyrus 

genotypes in vitro as affected by different carbon sources. Acta Horticulture, 795: 413–418.  



Proceedings of the XIII International Scientific Agricultural Symposium “Agrosym 2022” 

172 

Sottile F., Caltagirone C., Giacalone G., Peano C., Barone E. (2022). Unlocking plum genetic 

potential: Where are we at? Horticulturae, 8(2): 128. 

Tang HH., Ren Z., Reustle G., Krczal G. (2002): Plant regeneration from leaves of sweet and 

sour cherry cultivars. Scientia Horticulturae, 93 (3–4): 235–244. 

Tian L., Sibbald S., Subramanian J., Svircev A. (2007). Characterization of Prunus domestica L. 

in vitro regeneration via hypocotyls. Scientia Horticulturae, 112: 462–466. 

Tomić J., Stampar F., Glišić I., Jakopič J. (2019). Phytochemical assessment of plum (Prunus 

domestica L.) cultivars selected in Serbia. Food Chemistry, 299: 125113. 

Vujović T., Marjanović T., Ružić Đ., Glišić I. (2018). In vitro propagation of plum rootstocks. 

Journal of Pomology, 52(203/204): 91–97. 

Vujović Т., Jevremović D., Marjanović Т., Glišić I. (2020). In vitro propagation and medium-

term conservation of autochthonous plum cultivar ‘Crvena Ranka’. Acta Agriculturae 

Serbica, 25(50): 141–147. 

Vujović T., Jevremović D., Glišić I.S., Milošević N., Anđelić T. (2021). In vitro culture 

establishment and shoot multiplication of eight autochthonous plum genotypes. Acta 

Horticulturae, 1322: 179–186. 

Vukojević D., Simić J., Dragišić N., Sevo D., Misimović M., Zavišić N., Bolić E., Radanović B. 

(2012). Evaluation of the quality of autochthonous plum cultivars in the area of Bosanski 

Petrovac. Proceedings of the Third International Scientific Symposium ʻAgrosym 2012ʼ, 

Jahorina, Bosnia and Herzegovina, pp. 161–166. 

Wiszniewska A., Nowak B., Kołton A., Sitek E., Grabski K., Dziurka M., Długosz-Grochowska 

O., Dziurka K., Tukaj Z. (2015). Rooting response of Prunus domestica L. microshoots in 

the presence of phytoactive medium supplements. Plant Cell, Tissue and Organ Culture, 

125: 163–176. 

Yaseen M., Ahmad T., Sablok G., Standardi A., Hafiz I. (2012). Review: Role of carbon sources for 

in vitro plant growth and development. Molecular Biology Reports, 40: 2837–2849. 

Zhebentyayeva T., Shankar V., Scorza R., Callahan A., Ravelonandro M., Castro S., DeJong T., 

Saski C.A., Dardick C. (2019). Genetic characterization of worldwide Prunus domestica 

(plum) germplasm using sequence-based genotyping. Horticulture Research, 6: 12. 

  


