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Abstract 
 

The paper presents evaluation of the influence of 30 combinations of plant growth 
regulators (PGRs) on induction of adventitious organogenesis from leaves of in vitro 
propagated shoots in 5 genotypes: sour cherry ‘Čačanski Rubin’, cherry rootstock Gisela 5, 
pear rootstock Pyrodwarf, blackberry ‘Čačanska Bestrna’ and raspberry ‘Meeker’. Blackberry 
‘Čačanska Bestrna’ showed the highest regeneration capacity (regeneration was induced with 
12 PGR combinations, the highest regeneration frequency 41.7%), followed by sour cherry 
‘Čačanski Rubin’ (9 PGR combinations, max. regeneration frequency 20.8%) and rootstocks 
Pyrodwarf (6 PGR combinations, max. regeneration frequency 12.5%) and Gisela 5 (3 PGR 
combinations, max. regeneration frequency 8.3%). Raspberry ‘Meeker’ displayed the lowest 
regeneration ability (1 PGR combination, 8.3%). Regeneration was mostly indirect via 
intermediate callus formation. Consistency and quantity of the formed callus were primarily 
determined by type and concentration of applied auxins. Two main types of callus were 
observed: hard, compact calli with nodular structures on the surface and soft, friable ones. In 
most of the genotypes evaluated, friable calli were rarely formed, with the exception of 
regeneration media containing 2,4-D where the formation of large amount of soft, watery and 
white or yellowish callus was noticed. Indirect regeneration occurred through hard, compact 
callus at cross-sectional area of leaf blade, mid vein and petiole, while it was never observed on 
intact parts of leaves including leaf edges. 
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Introduction 

Unlike in vitro micropropagation through axillary shoot proliferation, adventitious organogenesis 
is associated with regeneration of shoots/roots from explants lacking pre-existing meristems (leaves, 
petioles, hypocotyls, protoplasts etc.). Namely, upon application of appropriate exogenous stimulus, 
somatic cells of plants may be capable of forming adventitious shoots or roots through adventitious 
organogenesis or embryos through somatic embryogenesis. According to G.J. DE KLERK & al. [1], 
regardless the pathway of regeneration, developmental process consists of three analogous phases: 
dedifferentiation (acquisition of competence to respond to the organogenic/embriogenic stimulus), 
induction (cells become determined to form either a root, a shoot or an embryo), and realization (de novo 
differentiation of shoot, root or embryo). Although during the dedifferentiation cells in the explant could 
become competent to respond to the adequate stimulus without divisions, this phase often involves an 
intermediate callus step. G.S. HICKS [2] described the two pathways of morphogenesis as direct and 
indirect organogenesis respectively. A small number of cells in any given explant is able to respond to 
organogenic/embryogenic stimulus, and auxin is considered to be the most important plant growth 
regulator (PGR) trigger for the dedifferentiation phase. During the induction phase, hormonal composition 
of regeneration medium is critical and each pathway of regeneration requires a specific cytikinin/auxin 
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ratio [1]. Finally, in the third phase of regeneration hormonal composition of regeneration medium is less 
critical, and very often high concentrations of exogenous applied PGRs essential for induction phase could 
inhibit realization phase. 

Тhus de novo morphogenetic program can be initiated by modifying the conditions of in vitro 
culture, and the application of exogenous PGRs usually plays a critical role in the induction of specific 
developmental patterns [3]. However the morphogenetic response of different plant species can vary 
widely due to variations in the uptake, compartmentalization, or metabolism of exogenously supplied 
PGRs [4]. 

Adventitious shoot regeneration using leaf explants has been reported for different representatives 
of Prunus [5−11], Pyrus [12−17] and Rubus genera [18−23]. Nevertheless, no efficient regeneration protocol 
that would have a wider application within these genera has been developed so far. Investigations performed 
so far have shown that the efficacy of regeneration largely depends on numerous factors such as: hormonal 
(type and concentration of PGRs) and mineral composition of the medium, age and type of explants (leaves, 
petioles, internodes, cotyledons or mature embryos), origin of explants (in vitro or in vivo), explant 
orientation during regeneration, as well as incubation conditions (length of incubation, photoperiod, light 
intensity, temperature). However, in all cases, efficacy of regeneration varied widely among genotypes, 
which implies necessity to optimize conditions of adventitious organogenesis for each individual genotype. 

Bearing in mind the fact that the efficacy of regeneration in the in vitro culture is primarily 
determined by the relation genotype/hormonal composition of a medium, the objective of the study was to 
investigate the influence of different types and concentrations of PGRs on the induction of adventitious 
organogenesis from leaf in different representatives of Prunus, Pyrus and Rubus genera. 

 
Materials and methods  
Plant material 

The study included five genotypes: two representatives of Prunus genus – sour cherry 
cultivar ‘Čačanski Rubin’ (P. cerasus L.) and cherry rootstock Gisela 5 (P. cerasus x P. 
canescens), one representative of Pyrus genus – pear rootstock Pyrodwarf (Pyrus communis 
L.) and two representatives of Rubus genus – blackberry cultivar ‘Čačanska Bestrna’ (Rubus 
fruticosus L.) and raspberry cultivar ‘Meeker’ (Rubus ideus L.). 

 
Establishment of aseptic culture and axillary shoot multiplication 

Initial cultures of the studied genotypes were established using actively growing leaf 
buds sampled from branches taken from screen house grown plants at the end of January and 
kept under laboratory conditions until the activation of lateral and apical buds. The surface 
sterilization procedure involved washing explants under running water for 2 h, sterilization in 
70% ethanol (1 min), 10 minute-soaking in 10% (v/v) commercial bleach solution (0.4%, w/v, 
final concentration of sodium hypochlorite) and triple rinsing with sterile water. Buds, 0.3–0.8 
cm large, were isolated under the stereomicroscope and placed onto MURASHIGE & 
SKOOG (MS) [24] medium containing 8.9 µM 6-benzyladenine (BA), 2.5 µM indole-3-
butyric acid (IBA) and 0.3 µM gibberellic acid (GA3). Upon rosette initiation, shoots were 
multiplied at MS shoot proliferation medium of different hormonal composition depending on 
the genotype and subcultured at 3-week intervals to obtain a sufficient number of mother 
stock axillary shoots for the regeneration experiment. The hormonal composition of the media 
used for micropropagation was as follows: 1) 2.2 µM BA + 0.5 µM IBA + 0.3 µM GA3 (sour 
cherry ‘Čačanski Rubin’); 2) 4.4 µM BA + 0.5 µM IBA + 0.3 µM GA3 (cherry rootstock 
Gisela 5 and blackberry ‘Čačanska Bestrna’); 3) 2.2 µM BA + 0.5 µM NAA + 0.3 µM GA3 
(pear rootstock Pyrodwarf); 4) 2.2 µM BA (raspberry ‘Meeker’). Cultures were maintained at 
23oC ± 1oC, under 16-h photoperiod and 54 μmol m-2 s-1 light intensity. 
 
Adventitious regeneration 

Healthy, young and fully expanded leaves collected from upper thirds of in vitro 
propagated shoots (fifth subculture after initiation stage) were used as initial explants for 
regeneration experiment. Petioles were excised, leaves were cut three times transversely 
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across the mid-vein, placed with adaxial surface touching regeneration medium and cultured 
for 45 days at 23 ± 1oC and 16-h photoperiod. The basal medium for regeneration was MS 
medium supplemented with 20 g l-1 sucrose and 7 g l-1 agar. The pH value was adjusted to 5.7 
with 0.1 N KOH prior to autoclaving at 121oC and 150 kPa for 20 min. Experiment included 
30 different PGR combinations. BA (8.9 µM) and N-phenyl-N'-1,2,3-thidiazol-5-ylurea 
(thidiazuron, TDZ) (4.5 and 9.0 µM) were applied either individually or each combined with 
different concentrations of IBA, α-naphthaleneacetic acid (NAA) and 2,4-
dichlorophenoxyacetic acid (2,4-D) (Table 1). 
 
Table 1. Thirty combinations of plant growth regulators used for induction of adventitious 
regeneration from leaf explants 

Auxin 
concentration 

Cytokinin concentration 
BA 8.9 µM TDZ 4.5 µM TDZ 9.0 µM 

No auxins  1∗ 11 21 

IBA 
  0.5 µM 2 12 22 
  4.9 µM 3 13 23 
  9.8 µM 4 14 24 

NAA  
  0.5 µM 5 15 25 
  5.4 µM 6 16 26 
10.8 µM 7 17 27 

2,4-D  
  0.4 µM 8 18 28 
  4.5 µM 9 19 29 
  9.0 µM 10 20 30 

∗ Designation of plant growth regulator combination 
 
Statistical analysis 

Each treatment included six Petri dishes (50 ml of regeneration medium) each containing 
4 explants, for a total 24 explants as one replicate per each genotype. All experiments were 
performed twice. Data collected from all the experiments included frequency of callus formation 
and frequency of regeneration as well as the mean number of shoots per explant. The frequency of 
callus formation was defined as the percentage of the callus-forming explants. The frequency of 
regeneration was defined as the percentage of explants that produced at least one shoot. The mean 
number of shoots per explant was obtained by dividing the total number of regenerated shoots 
with the number of regenerating explants in each replication. All the data was recorded upon 45-
day maintenance in the tissue culture. The data presented in the form of percentage was subjected 
to arcsine transformation and analysed by ANOVA followed by Duncan’s Multiple Range Test for 
mean separation. Non-transformed data is presented in Figures 1, 3, 4 and 5.  
 
Results 

Callogenesis in representatives of Prunus, Pyrus and Rubus genera 
In sour cherry ‘Čačanski Rubin’ after 45 days of culture, the percentage of callus-forming 

explants amounted to 100% on all the evaluated media containing TDZ (Figure 1a). On the media 
containing BA, the lowest frequency of callus formation was observed on the medium with BA 
alone (45.8%) or on that combined with the lowest concentration of IBA (45.8%), NAA (87.5%) 
and 2,4-D (0%). As for cherry rootstock Gisela 5, no callus formation was observed in the 
explants cultured on the media containing 8.9 µM BA and 4.5 µM TDZ alone, or each combined 
with all three concentrations of IBA or the lowest concentration of NAA (Figure 1a). The increase 
in the NAA concentration to 5.4 and 10.8 µM gradually increased the frequency of the callus 
formation up to 100%. Also, adding 2,4-D in the regeneration medium containing 8.9 µM BA 
brought about an increase in the frequency of callus formation of up to 100%. As regards media 
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containing 9.0 µM TDZ the lowest values of the parameter were obtained on the medium with 
TDZ alone (20.8%) or on those combined with 0.5 and 4.9 µM IBA (20.8% and 79.2%, 
respectively). On the other hand, 9.0 µM TDZ combined with NAA and 2,4-D induced a maximal 
frequency of callus formation (100%), regardless the concentration of auxins applied. 
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Figure 1. The percentage of the explants forming callus after 45 days of cultivation on MS medium of 
different hormonal composition in representatives of Prunus (a), Pyrus (b) and Rubus (c) genera. For 
each genotype, the mean values of the parameter followed by the same letter are not significantly 
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different according to Duncan’s Multiple Range Test (P < 0.05). The Plant Growth Regulator (PGR) 
combinations are presented in Table 1. 

 
Leaf explants of pear rootstock Pyrodwarf grown on the media supplemented with 

cytokinins alone failed to form callus after 45 days of culture (Figure 1b). As regards 
application of IBA and NAA, the frequency of callus formation in this genotype was primarily 
determined by their concentration. On the media containing BA in combination with IBA and 
NAA, the percentage of explants forming callus ranged between 50–66.7% and between 66.7–
100%, respectively. Also, TDZ at 4.5 and 9.0 µM promote the lowest frequency of callus 
formation when applied in combination with the lowest concentration of IBA (12.5% and 
33.3%, respectively) and NAA (83.3% and 75%, respectively). The percentage of explants 
forming callus reached 100% on all the media containing 2,4-D, regardless of the type and 
concentration of cytokinin applied. 

Blackberry ‘Čačanska Bestrna’ showed the highest callogenesis ability of leaf explants 
under the described experimental conditions. After 45 days of culture, the frequency of the 
callus formation amounted to 100% on all evaluated media containing 8.9 µM BA and 4.5 µM 
TDZ (Figure 1c). On the media containing 9.0 µM TDZ, the lowest percentage of explants 
showing callus (83.3%) was observed on the medium with TDZ alone or on that combined with 
0.5 µM IBA. The increase in the concentration of auxins in regeneration media containing 9.0 
µM TDZ gradually influenced the increase in the frequency of the callus formation up to 100%. 
In contrast to these results, in leaf explants of raspberry ‘Meeker’ no callus formation was 
observed on media containing BA and most of the explants showed pronounced signs of 
necrosis (Figure 1c). On the media containing TDZ, the percentage of the leaves that formed 
callus was dependent on the type and concentration of auxins, as well as the TDZ/auxin ratio. 
On the media containing 4.5 µM TDZ, the frequency of callus formation ranged between 0–
8.3% in combination with IBA, between 16.7–95.8% with NAA, and 75–100% with 2,4-D. As 
for 9.0 µM TDZ, the values of the parameter were as follows: 0–58.3% in combination with 
IBA, 16.7–62.5% with NAA, and 0–25% with 2,4-D. 

With the exception of the raspberry ‘Meeker’, the appearance, consistency and amount 
of the formed callus in the analyzed genotypes were primarily determined by the type and 
concentration of the applied auxins. Generally, two distinguishable callus types were observed. 
The lowest callus amount was observed on media supplemented with either BAP or TDZ alone 
and calli were compact, nodular, dark green (Figure 2a). Adding IBA and NAA into the 
regeneration medium gradually increased the amount of the formed calli which had very similar 
consistency when either of the auxins was applied. Namely, calli were hard, compact and green 
with white or red nodular structures on the surface, developing abundantly at the cross-sectional 
area of both mid-vein and petiole, especially when auxins were applied at higher concentrations 
(Figure 2b−c). The second type of callus was soft, friable, watery, light yellow and fast-
growing. In most of the genotypes evaluated, friable calli were mostly formed on regeneration 
media containing 2,4-D (Figure 2d). In addition, formation of a large amount of soft, reddish 
purple callus mass was noticed in sour cherry ‘Čačanski Rubin’ on the media supplemented 
with higher concentrations of IBA, especially in combination with TDZ (Figure 2e). As regards 
raspberry ‘Meeker’, leaf explants rarely formed callus and displayed pronounced signs of 
necrosis after 45 days of culture. In callus-inducing treatments, formed calli were of similar 
consistency regardless of the type and concentration of the applied auxins. Namely, the calli 
were small, compact, nodular and beige or light green (Figure 2f). 
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Figure 2. The callus formation 
from leaf explants of different 
genotypes on the MS medium 
supplemented with various PGR 
combinations: a) ‘Čačanska 
Bestrna’ – 8.9 µM BA; b) Gisela 5 
– 8.9 µM BA + 5.4 µM NAA; c) 
‘Čačanski Rubin’ – 9.0 µM TDZ + 
5.4 µM NAA; d) Pyrodwarf – 4.5 
µM TDZ + 9.0 µM 2,4-D; e) 
‘Čačanski Rubin’ – 9.0 µM TDZ + 
4.9 µM IBA; f) ‘Meeker’ –  4.5 
µM TDZ + 10.8 µM NAA 

 
Adventitious regeneration in representatives of Prunus, Pyrus and Rubus genera 

The regeneration capacities of Prunus genotypes are presented in Figure 3a and b. Sour 
cherry ‘Čačanski Rubin’ displayed a higher regeneration capacity in comparison with cherry 
rootstock Gisela 5. As for ‘Čačanski Rubin’, shoot regeneration was observed in 5 BA 
treatments out of 10 evaluated (Figure 3a). In all the cases the regeneration was indirect. The 
lowest frequency of regeneration (4.2%) was obtained with BA applied alone (combination 1). 
The addition of IBA into regeneration medium with BA significantly increased the frequency of 
regeneration, up to 12.5% (0.5 μM IBA, combination 2) and 16.7% (both 4.9 and 9.8 μM IBA, 
combinations 3 and 4). The highest frequency of regeneration (20.8%) in this genotype was 
achieved on the medium supplemented with BA combined with 5.4 μM NAA (combination 6). 
Adventitious shoots were well developed with long stems (Figure 6a). The mean number of 
regenerated shoots per explant also varied significantly among different BA treatments. The 
highest value of the parameter was achieved with BA alone or in the combination with 4.9 μM 
IBA (Figure 3b, combinations 1 and 3). Concerning the TDZ treatments, regeneration was 
observed in 4 out of 20 combinations examined, with the regeneration frequency ranging 
between 4.2% and 8.3% (Figure 3a, combinations 11, 15, 21 and 22). The highest number of 
regenerated shoots per explant (4.0) was obtained in the treatment with 4.5 μM TDZ and 0.5 μM 
NAA (Figure 3b, combination 15).  

In cherry rootstock Gisela 5 regeneration was recorded only when BA was combined 
with IBA (4.9 μM, combination 3) or 2,4-D (0.4 μM and 4.5 μM, combinations 8 and 9) 
(Figure 3a). The highest frequency of regeneration (8.3%) was obtained when BA was 
combined with 4.5 μM 2,4-D. The regeneration was indirect. Shoots were well developed but 
were often formed on adaxial leaf surface and exhibited symptoms of hyperhydricity (Figure 
6b). Direct regeneration was achieved in treatments were BA was combined with 4.9 μM IBA 
or 0.4 μM 2,4-D. The mean number of regenerants did not vary significantly with different 
treatments (Figure 3b). 
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Figure 3. The percentage of regeneration (a) and the mean number of regenerants per explant (b) after 
45 days of cultivation on the MS medium of different hormonal composition in Prunus genotypes 
‘Čačanski Rubin’ and Gisela 5. For each genotype, the mean values of the parameters followed by the 
same letter are not significantly different according to Duncan’s Multiple Range Test (P < 0.05). The 
Plant Growth Regulator (PGR) combinations that induced regeneration are presented in Table 1. 
 

Leaf explants of pear rootstock Pyrodwarf regenerated shoots in 6 treatments containing 
TDZ (out of 20 evaluated), while adventitious shoot formation did not occur in any of the BA 
treatments (Figure 4a). In all the treatments regeneration was indirect, and regenerating explants 
often formed clusters of small shoots on the abaxial side of leaves (Figure 6c). TDZ applied at a 
concentration of 4.5 μM induced regeneration only in a combination with 9.8 μM IBA 
(combination 14) and 10.8 μM NAA (combination 17) with the frequencies of regeneration 
being not significantly different (8.3% and 4.2%, respectively). However, the mean number of 
regenerated shoots per explants was significantly higher in the former treatment (4.5, Figure 
4b). The increase in TDZ concentration (9.0 μM) in combination with 9.8 μM IBA 
(combination 24) and 10.8 μM NAA (combination 27) did not affect shoot regeneration 
frequencies; however, the mean number of regenerants in those treatments was significantly 
higher when TDZ was combined with NAA (3.0, Figure 4b). 9.0 μM TDZ also induced 
regeneration in combination with 4.9 μM IBA (combination 23) and 5.4 μM NAA 
(combination 26) with the mean number of regenerants being higher again in the latter 
combination (3.5, Figure 4b). The highest frequency of shoots regeneration in this genotype 
(12.5%) was recorded in the treatment where 9.0 μM TDZ was combined with 4.9 μM IBA. In 
this genotype, adventitious root formation was also observed in three TDZ treatments as well as 
in one BA treatment (Figure 4a and 4b). However, in all root induction treatments, both the root 
formation frequencies and the mean number of roots per explant were very low (4.2% and 1.0, 
respectively) (Figure 4a and 4b).  
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Figure 4. The percentage of regeneration (a) and the mean number of regenerated shoots or roots per 
explant (b) after 45 days of cultivation on the MS medium of different hormonal composition in Pyrus 
genotype Pyrodwarf. The mean values of the parameters followed by the same letter are not significantly 
different according to Duncan’s Multiple Range Test (P < 0.05). The Plant Growth Regulator (PGR) 
combinations that induced regeneration are presented in Table 1. 

 
Among the evaluated genotypes, blackberry ‘Čačanska Bestrna’ displayed the highest 

shoot regeneration capacity with respect to the number of treatments inducing regeneration (12 
treatments), as well as the highest regeneration frequency achieved (41.7%). Regeneration was 
observed in 3 different BA treatments (Figure 5a). The maximal shoot regeneration frequency was 
observed in the treatment where BA was combined with 0.5 μM IBA (20.8%, combination 2). 
Further examination showed that 4.5 μM TDZ, applied either alone or combined with IBA (0.5 
and 4.9 μM), was significantly more effective in inducing shoot regeneration than BA 
(combinations 11, 12 and 13, respectively). Hence, out of 10 evaluated treatments, shoot 
regeneration was observed in 5 treatments containing 4.5 μM TDZ, with the highest regeneration 
frequency (41.7%) obtained when it was applied alone. The shoots were well developed, formed 
mainly on small compact callus at cross-sectional area of petioles (Figure 6d). Addition of auxins 
into regeneration medium supplemented with TDZ either decreased the regeneration rate, 
depending on concentration of the applied auxin (IBA or NAA, combinations 12−15), or inhibited 
it completely (2,4-D). Although IBA decreased the regeneration rate in the media supplemented 
with 4.5 μM TDZ, no significant interaction between TDZ and IBA concentrations was observed 
in respect of the regeneration frequency and number of regenerants per explant (Figure 5a and 
5b). The increase in TDZ concentration (9.0 μM) resulted in significant reduction in the shoot 
regeneration frequency (4.2–8.3%). Regeneration was observed only in treatments where TDZ 
was applied alone or in combination with IBA (combinations 21−24, respectively). Nevertheless, 



 
TATJANA VUJOVIĆ, ĐURĐINA RUŽIĆ, RADOSAV CEROVIĆ 

Romanian Biotechnological Letters, Vol. 19, No. 3, 2014                                                  9305 

adding IBA significantly increased the number of regenerants per explant, resulting in the highest 
average number of shoots per explant (13) on the medium containing 9.0 μM TDZ and 9.8 μM 
IBA (combination 24, Figure 5b). 

In contrast to blackberry, raspberry ‘Meeker’ displayed the lowest regeneration ability, 
direct adventitious organogenesis at a low frequency (8.3%) being noticed only in the treatment 
where 8.9 μM BA was combined with 0.5 μM NAA (Figure 5a and 5b). Adventitious shoots 
were formed on the abaxial side of leaf explants and although well developed, they showed 
signs of chlorosis of leaves and stems (Figure 6e). 
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Figure 5. The percentage of regeneration and the mean number of regenerants per explant after 45 days of 
cultivation on MS medium of different hormonal composition in Rubus genotypes blackberry ‘Čačanska 
Bestrna’ and raspberry ‘Meeker’. For each genotype, the mean values of the parameters followed by the 
same letter are not significantly different according to Duncan’s Multiple Range Test (P < 0.05). The Plant 
Growth Regulator (PGR) combinations that induced regeneration are presented in Table 1. 
 

  

Figure 6. Adventitious shoots of different genotypes regenerated on the MS medium supplemented with 
various PGR combinations: a) ‘Čačanski Rubin’ – 8.9 µM BA + 5.4 µM NAA; b) Gisela 5 – 8.9 µM BA + 
4.5 µM 2,4-D; c) Pyrodwarf – 9.0 µM TDZ + 4.9 µM IBA; d) ‘Čačanska Bestrna’ – 4.5 µM TDZ; e) 
‘Meeker’ –  8.9 µM BA + 0.5 µM NAA 
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Discussion 
Under the described experimental conditions, shoot regeneration in the evaluated 

genotypes was mostly indirect via intermediate callus formation. A direct regeneration pathway 
was achieved only with two PGR combinations in cherry rootstock Gisela 5 and with one 
combination in raspberry ‘Meeker’ with very low frequencies being 4.2% and 8.3%, respectively. 
Although adventitious organogenesis using various explants has been achieved in different 
species belonging to genera Prunus, Pyrus and Rubus, there are only a few reports on successful 
direct regeneration of adventitious shoots [9, 14, 23]. S. GUPTA & V. MAHALAXMI [23] 
consider that a high frequency of direct shoot regeneration can be achieved using intact leaves 
to reduce a chance of callusing along the cut ends.  

The conducted regeneration experiments have shown that the adventitious shoots 
formation occurred mainly from callus developed around the cut end of petioles and along the 
first cut across the mid-vein nearest to the petiole, and never on intact leaf surface or leaf edges. 
According to M. SARWAR & R.M. SKIRVIN [25] it is possible that cut edges provided a way 
for nutrients and growth regulators to be absorbed more efficiently from the medium. The 
increase of the regenerative capacity from the distal sections toward proximal sections of 
cotyledons and leaves has also been noticed in different peach, plum, sweet and sour cherry 
cultivars [5, 9], pear cultivars [15], blackberry hybrids as well as different raspberry cultivars 
[18]. H. TANG & al. [9] presume that differences in regeneration ability of different segments 
of leaves might be related to the presence of a gradient of endogenous PGRs or to the 
interaction between endogenous and exogenous PGRs. 

Adventitious shoots regenerated from firm, compact callus, but never from soft, 
friable ones in all genotypes evaluated. Consistency and size of the callus was primarily 
determined by the type and concentration of the applied auxins which was also reported in 
certain other investigations [26]. In our experiments formation of friable calli was rare with an 
exception of the media containing 2,4-D which induced soft, watery and white or yellowish 
calli, of a relatively large size. A similar effect of 2,4-D on callogenesis was also reported in 
peach [7]. N.J. GRANT & N. HAMMAT [8] reported that leaf explants that produce only 
friable callus had no shoot regeneration. Also, A.C. ESPINOSA & al. [11] explained a low 
regeneration ability of some Prunus serotina Ehrh. genotypes as a result of the tendency to 
produce a type of callus more friable as compared to the other genotypes examined. 

As regards the regeneration capacities of different genotypes evaluated in the present 
investigation, they varied widely as regards the total number of treatments (combinations of 
PGRs) inducing regeneration of adventitious shoots as well as the highest frequency of 
regeneration achieved. The study revealed a genotype-specific regeneration capacity of 
genotypes belonging to the same genus. Within the genus Prunus, higher regeneration 
capacity was observed in sour cherry ‘Čačanski Rubin’ than in Gisela 5 rootstock, while in 
Rubus genus blackberry ‘Čačanska Bestrna’ displayed considerably higher regeneration 
ability in comparison with raspberry ‘Meeker’. Genotype specificity and plant growth 
regulator-dependant response of the morphogenic potential was also proved in different sweet 
and sour cherry cultivars [9], raspberry and blackberry cultivars and their hybrids [19] as well 
as in different species of Pyrus genus [15]. 

To date, a great number of protocols for adventitious organogenesis has been reported 
for different representatives of the Prunus genus. Although TDZ proved to be a very effective 
and potent cytokinin for adventitious shoot regeneration in P. armeniaca and P. insititia [6], 
P. serotina [11], P. avium [10], the results of this study suggested that BA was more effective 
than TDZ for inducing adventitious regeneration in both genotypes of Prunus genus, provided 
only when it was combined with an auxin. Thus, the highest frequency of regeneration in sour 
cherry ‘Čačanski Rubin’ (20.8%) was achieved when 8.9 μM BA was combined with 5.4 μM 
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NAA. H. TANG & al. [9] also found that when combined with 5.4 μM NAA, 8.9 μM BA 
induced the highest frequency of regeneration in sour cherry ‘Beutal Spacher Rexelle’ and 
sweet cherry ‘Napoleon’ (40.6% and 30.2%, respectively). Cherry rootstock Gisela 5 
exhibited a very low regeneration capacity, with the highest frequency of regeneration (8.3%) 
achieved on the medium supplemented with 8.9 μM BA combined with 4.5 μM 2,4-D. In 
comparison with other investigations conducted with different cherry genotypes, the very low 
regeneration capacity of Gisela 5 rootstock can be related to the mineral composition of the 
regeneration medium. Namely, some sour and sweet cherry cultivars exhibited a significantly 
higher regeneration capacity on the WPM medium than on the MS medium having an 
identical hormonal composition [9, 10]. 

In Pyrodwarf rootstock, regeneration was induced only on the media supplemented with 
TDZ combined with higher concentrations of IBA or NAA without significant variation in the 
regeneration frequency in most of the regeneration-inducing treatments. However, the number 
of regenerants per explant depended on the type of the applied auxin. TDZ combined with NAA 
was reported to be efficient for adventitious shoot regeneration in different Pyrus communis 
cultivars and rootstocks [14, 16, 17]. However, the highest regeneration frequency achieved in 
our experiment (12.5%) is not sufficient for efficient regeneration. According to F. 
MARTINELLI & al. [17] the significant increase in regeneration frequency and mean number 
of regenerants per explant in Pyrodwarf rootstock can be achieved only with a high 
concentration of TDZ (15 µM) and NAA (5.4 µM). The highest concentration of TDZ used in 
our experiment (9 µM) was considerably lower than that recommended by the authors. On the 
other hand, the initial dark incubation of leaves and macro-salt composition of regeneration 
medium, in particular ammonium and total nitrogen content, proved to play an essential role in 
the regeneration of different Pyrus genotypes [12, 13]. Most of the protocols for adventitious 
organogenesis in different pear genotypes [12, 14, 17] employed the media with reduced 
ammonium in comparison with the MS medium used in our experiment.  

BA and TDZ are the most common cytokinins used for regeneration of different 
Rubus genotypes [19−21]. The results of this study suggest that TDZ is more effective than 
BA for inducing adventitious shoot regeneration in blackberry ‘Čačanska Bestrna’ which is in 
accordance with the results obtained for other representatives of Rubus genus [22]. However, 
there is a critical level of TDZ necessary for achieving high regeneration frequency. A lower 
concentration of TDZ (4.5 µM) was considerably effective in inducing regeneration, with the 
highest shoot regeneration frequency (41.7%) obtained when it was applied alone (without 
auxins). A higher TDZ concentration (9.0 µM) was detrimental for adventitious shoot 
regeneration in this genotype, in contrast to what was reported in cultivars Hull Thornless, 
Loch Ness and Chester [19]. Generally, the addition of the IBA and NAA auxins into the 
regeneration medium supplemented with 4.5 µM TDZ decreased the regeneration rate in this 
genotype, yet no significant differences were recorded for any of the IBA treatments. Also, 
2,4-D displayed a complete inhibitory effect on the regeneration in blackberry ‘Čačanska 
Bestrna’ regardless of the type and concentration of the cytokinin applied, which was also 
reported by J. GRAHAM & al. [19] in different red raspberry and blackberry cultivars. In 
contrast with blackberry ‘Čačanska Bestrna’, raspberry ‘Meeker’ displayed very low 
regeneration ability under the same experimental conditions, probably due to the high 
incidence of explant necrosis occurring in most of the treatments. The high tissue necrosis and 
senescence represented an important limiting factor for the morphogenic activity of raspberry 
‘Autumn Bliss’ [20]. According to M. ZAWADZKA & ORLIKOWSKA [22] raspberry 
shoots in vitro often suffer from leaf chlorosis, and cultivars which are most susceptible to 
chlorosis are also most recalcitrant to adventitious regeneration from leaves. As very 
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pronounced chlorosis was noticed during multiplication stage of raspberry ‘Meeker’, this also 
could be reason for low regeneration ability of this genotype. 
 
Conclusions 

This study evidenced high genotype specificity and a plant growth regulator-dependant 
response of the morphogenic potential of different Prunus, Pyrus and Rubus genotypes. 
Adventitious shoot organogenesis was mostly indirect via intermediate callus formation. 
Indirect regeneration occurred on hard, compact callus at the cross-sectional area of the leaf 
blade, mid vein and petiole, while it was never observed on intact parts of leaves including leaf 
edges. Although it was possible to induce adventitious shoot regeneration in all the genotypes, 
most of them will require further optimisation of their respective regeneration protocol in order 
to achieve a higher regeneration response. The only exception is blackberry ‘Čačanska Bestrna’ 
which displayed the highest regeneration ability under the described experimental conditions. 
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