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Abstract 
Eight apple (Malus x domestica) and two pear (Pyrus communis) traditional 
cultivars of commercial interest were selected from the germplasm bank 
CIAM (Centro de Investigaciones Agrarias de Mabegondo, NW of Spain) one 
of the most important collections of The Iberian Peninsula. In order to define 
the establishment protocol, apical buds 1.0 - 1.5 millimetre length of the se-
lected cultivars were established in solid mineral medium Murashige and 
Skoog (MS) with modified vitamins (thiamine 10X) and supplemented with 1 
mg∙L−1 6-benzyladenine (BA), 0.2 mg∙L−1 gibberellic acid (GA3) and 0.3 mg∙L−1 
of indole-3-butyric acid (IBA). The highest shoot initiation rates were ach- 
ieved with apple cultivar “Principe Grande” (55%) and “Barburiña” pear cul-
tivar (50%); the lowest rate was obtained with apple cultivar “Camoesa” 
(11%). Initiation rates for shoots culture varied between 22% and 37% for the 
other cultivars. The cytokinins BA, zeatin, 2-isopentyladenine (2iP) and thi-
diazuron (TDZ) were tested at concentrations of 0, 0.25, 0.5 and 1 mg∙L−1 in 
the absence or presence of IBA (0.1 mg∙L−1) for the multiplication step. For all 
cultivars, the highest multiplication rates were obtained with medium sup-
plemented with TDZ and also in media containing BA. The in vitro rooting 
success of shoots in medium with 0.1 mg∙L−1 IBA without cytokinins, and the 
survival rate of plantlets acclimatized under greenhouse conditions depended 
on the genotype of the different cultivars. In vitro propagation of these ten 
traditional apple and pear cultivars in NW Spain has not previously been re-
ported. 
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1. Introduction 

Apple (Malus x domestica) and pear (Pyrus communis) trees, both of which be-
long to the Rosaceae family, are very popular fruits in high demand because of 
their sweet taste and nutritional value. They are included among the best known 
and most highly consumed and economically important fruit trees in the world, 
along with citrus, Prunus fruits and table grapes. According to data published by 
FAO in 2013, an amount of 103,442,237 T of apples and pears were produced 
worldwide, making them two of the most widely produced fruits in the world [1]. 
Most of the traditional cultivars of fruit trees, which are held in germplasm 
banks, are of increasing interest both in Spain and worldwide. The conservation 
of these cultivars over centuries has remarkable advantages as the trees are high-
ly adapted to the environmental conditions of the sites and their fruits have par-
ticular organoleptic characteristics; they also represent a potential genetic re-
serve for future improvement plans, as well as being an irreplaceable cultural 
heritage resource. Germplasm banks play an important role in the conservation 
of fruit trees [2]. In Galicia (NW Spain), the Mabegondo Agricultural Research 
Center CIAM-INGACAL germplasm bank contains one of the largest numbers 
of genetically characterized apple [3] and pear trees, and is one of the few germ- 
plasm banks in Spain dedicated to conserving traditional fruit in field collections 
[4]. However, the phytosanitary status of these trees in the field, due to the tradi-
tional propagation system, is disturbed and many of them are infected by viruses, 
endophytic bacterias and mycoplasmas. Following the guidelines of the Euro-
pean and Plant Protection Organization [5], which forms part of the World 
Trade Organization, fruit trees must be free of the most harmful viruses before 
the fruits can be marketed. The diseases must be eradicated and the material 
must be cleaned for long-term preservation in germplasm banks [6]. As it is 
well-known, in vitro culture of apical meristems [7] together with heat therapy 
are valuable tools for the recovery and eradication of the main viruses present in 
almost all apple and pear cultivars [8]. To carry this out, first of all it is essential 
the establishment of in vitro culture for micropropagation [9], and secondly vi-
rus removal [10] and recovery of different cultivars. 

Specific protocols are required for establishment, multiplication and rooting 
[11] [12] of the different fruit cultivars in order to be able to sanitize them. In 
vitro micropropagation has been reported in several cultivars of apple [13] and 
pear trees propagated in vitro [14] [15] [16] [17]. Therefore, effective in vitro 
regeneration is a necessary precondition for the implementation of different 
biotechnological approaches in plant breeding. 

Numerous studies have reported regeneration from apple and pear somatic 
tissues by organogenesis [18] [19] [20]. Plant regeneration has been shown to be 
influenced by several factors [21] [22], genotype, size, type, and age of explant, in 
vitro conditions (dark period, light intensity, and quality) and other factors such 
as orientation of leaf explants [23]. However, one of the most important factors 
before and during the regeneration process is the type and concentration of cy-
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tokinin applied. Thidiazuron and benzyladenine are the cytokinins most fre-
quently used in regeneration systems for apple and pear trees [24] [25] [26] [27] 
[28], but their efficiency depends on genotype and other factors [22]. Other cy-
tokinins such as zeatin, 2iP and kinetin have also been tested in several studies 
and have generally been found to be less active [28]. The development of axillary 
buds as a multiplication method has been used in some fruit cultivars [29] as is 
one of the most effective methods of maintaining the genetic stability of cultivars. 
The rooting and acclimatization success depends on the genotype of each culti-
var, the different growth regulators used and external factors [11]. 

The aim of this study has been the in vitro establishment of the different se-
lected apple and pear trees cultivars for their multiplication and rooting in order 
to know their hormonal requirements for micropropagation and to acquire 
enough material for further investigation related with virus eradication. 

2. Materials and Methods 
2.1. Plant Material 

Plant material of eight Galician traditional apple cultivars “Cacharela”, “Camoe-
sa”, “Repinaldo”, “Tres en Cunca”, “Gravillán”, “Ollo Mouro”, “José Antonio” 
and “Príncipe Grande”, and two pear cultivars “Barburiña” and “Manteca Oscu-
ra” were obtained from apical buds of genetically characterized dormant cuttings. 
Plant material belonging to the CIAM Germplasm Bank was collected in January 
2012, 2013 and 2014. 

2.2. Initiation of Aseptic Cultures, Media and Culture Conditions 

Dormant cuttings were washed thoroughly under running tap water for twenty 
minutes and surface sterilized with 8% (w/v) Capluq-50 fungicide solution, be-
fore being dried and wrapped in plastic film. The cuttings were then stored at 
4˚C for one month. The cuttings were sprouted in a phytotron, at 25˚C day and 
18˚C night under a photoperiod of 16 hours. The new shoots of length more 
than 2 cm were excised and the basal end was sealed with paraffin wax. Then 
were sterilized with 10% sodium hypochlorite solution plus one drop of Tween 
20® for 15 minutes and were washed three times with sterile distilled water in 
order to remove traces of chlorine before establishment on the in vitro culture. 
All shoot tips (1.0 - 1.5 mm) were isolated and cultured for four weeks on basal 
MS medium with mineral salts [30], modified MS vitamins and 3% (w/v) su-
crose, and solidified with 7% microagar (Duchefa) containing 1 mg∙L−1 BA; 0.2 
mg∙L−1 GA3 and 0.3 mg∙L−1 IBA [31]. The pH of the medium was adjusted to 5.8 
with 1N NaOH before autoclaving at 121˚C for 20 minutes. The medium was 
dispensed (25 mL) in 90 mm diameter sterile Petri dishes (Sterilin®) and was 
covered with sterile filter paper to prevent growth of endophytic bacteria. All 
cultures were transferred to a growth chamber at 25˚C ± 1˚C day and 18˚C ± 
1˚C night with a light intensity of 40 µmol∙m−2∙s−1 illuminated by white fluores-
cent lamps (50 W Osram®) and a 16 h photoperiod. 
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2.3. Shoot Multiplication and Rooting 

The explants were cultured for four weeks before being transferred to tubes (22 
× 150 mm) containing 20 mL of MS basal medium of the same composition as 
before but without gibberellic acid (GA3). After two subcultures in tubes, the ex-
plants were transferred to 350 mL jars (n = 9) for shoot multiplication, contain-
ing each jar six explants (total n = 54) of a minimum length of 10 - 15 mm with 
3 - 5 leaves per bud, in 50 mL of MS medium supplemented with different con-
centrations (0, 0.25, 0.5 and 1 mg∙L−1) of four cytokinins (BA, Zea, 2iP or TDZ), 
with or without auxin IBA (0.1 mg∙L−1). Shoot explants were subcultured onto 
fresh medium of the same composition every 4 weeks. After sixth subculture in 
jars, healthy elongated apple and pear shoots of a minimum length of 15 - 20 
mm and with at least two expanded leaves were selected for rooting. These 
shoots were excised from the explants and transferred to rooting medium con-
sisting of MS basal medium supplemented with 0.1 mg∙L−1 of IBA, 30 g∙L−1 of 
sucrose, and 7 g∙L−1 agar, or on MS 0 basal medium, without growth regulators, 
for 28 days. 

2.4. Transplantation and Acclimatization of Plantlets 

After 4 weeks culture in rooting medium, the rooted shoots were washed in wa-
ter to remove agar debris and placed in 40-well trays containing a mixture of 
60% blonde peat substrate, 20% crust, 10% coconut fiber and 10% black peat. 
Each tray was placed in polystyrene boxes and covered with transparent plastic 
film to maintain high relative humidity and to allow entry of light. The trays 
were placed in a rooting chamber at a fixed temperature of 24˚C ± 2˚C with 
photoperiod of 16 light hours. After one month, the plantlets were transferred to 
greenhouse conditions, in a tunnel with a water spray fog irrigation system, 
mesh shading and warm bed to protect the shoots from low temperatures. The 
plantlets were held for one week under these conditions before the film was re-
moved from each tray and the tunnel cover was opened slowly. Finally, the sur-
viving rooted plantlets were transferred to individual pots containing substrate 
of the same composition and placed in a greenhouse, with shading mesh, con-
trolled misting and environmental photoperiod. Percentage survival data were 
determined 4 weeks after transplanting the plantlets. 

2.5. Statistical Analysis 

The shoot multiplication developed with cytokinins (BA, Zea, 2iP and TDZ) at 
different concentrations (0.25, 0.5 and 1 mg∙L−1) with and without IBA (0.1 
mg∙L−1), plus control in (MS 0) for each apple and pear tree cultivar data resulted 
in a total of 24 treatments in each cultivar (n = 54). These data were analyzed 
using the statistical package SPSS version 20.0 [32]. Analysis of variance (AN- 
OVA) was performed (P < 0.05). Finally, Tukey’s HSD post-hoc test (P < 0.05) 
was applied for comparison of means. 
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3. Results 
3.1. Initiation of Aseptic Cultures and Establishment 

The number of apical buds from axillary shoots available in each of the cultivars 
was variable due to the different size of the cuttings collected in the field. On the 
other hand, contamination by endophytic organisms, mainly bacteria, greatly 
affected the development of apex cultures. The use of sterile filter paper covering 
the plates, slows down the growth of endophytic bacteria, helping the explants 
development. However, endophytic bacterias proliferate faster on plates without 
filter paper. The phytosanitary status was therefore a determining factor for the 
success of the establishment and propagation of each cultivar affecting their de-
velopment, and presence of bacterial colonies in the medium just where the bas-
al end of shoot cultured was observed. Mineral MS medium supplemented with 
1 mg∙L−1 BA, 0.2 mg∙L−1 GA3 and 0.3 mg∙L−1 IBA was used for establishment in 
aseptic culture. The highest survival rate at establishment was obtained with the 
apple cultivar “Príncipe Grande” (55%), followed by the apple cultivar “José 
Antonio” and the pear cultivar “Barburiña” (both with a survival rate of 50%) 
(Table 1). The survival rates of the remaining apple and pear cultivars were be-
tween 22 and 37%. The lower survival rate was in the apple cultivar “Camoesa” 
with only 11%. 

3.2. Shoot Multiplication 

For all cultivars, the effects of different concentrations of cytokinins on in vitro 
axillary shoot development are presented in the following figures (Figures 1-4). 

The best response to micropropagation of the eight apple and two pear culti-
vars was always obtained in the presence high concentrations (0.5 and 1.0 mg∙L−1) 
of a cytokinin (TDZ or BA) in the medium. However, treatments for multiplica-
tion of axillary shoots with all different concentrations of zeatin and 2iP, with or 

 
Table 1. Establishment in vitro culture of eight apples and two pears cultivars. The culti-
vars marked with *belong to pear trees. 

Cultivars Year N˚ of buds established in vitro Survival in vitro (%) 

“Repinaldo” 2012 11 27.27 

“Tres en Cunca” 2012 09 22.22 

“Cacharela” 2013 07 28.57 

“Camoesa” 2013 27 11.11 

“Gravillán” 2013 28 25.00 

“Ollo Mouro” 2013 10 30.00 

“Barburiña”* 2013 06 50.00 

“José Antonio” 2014 08 50.00 

“Príncipe Grande” 2014 09 55.55 

“Manteca Oscura”* 2014 08 37.50 
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Figure 1. Effects of BA, Zea, 2iP and TDZ at three concentrations (0.25, 0.5 and 1 mg∙L−1) 
with and without IBA (0.1 mg∙L−1) on shoot multiplication after 4 weeks. Bars represent 
the standard deviation (SD). Means denoted by different letters are significantly different 
(Tukey P = 0.05). 

 
without IBA, yielded very low multiplication rates in all cultivars. The optimum 
concentration of cytokinin for shoot development varied depending on the cul-
tivar. Although TDZ yielded the highest mean rates of shoot formation, at the 
highest concentrations (1.0 mg∙L−1) many shoots from different cultivars were 
hyperhydric showing symptoms like thick stems and leaves, with anomalous leaf 
morphology and very short stems that made posterior subculture and rooting 
difficult (Figure 5). 

3.3. Rooting and Plantlet Acclimatization 

Emergence of the root primordia at the basal part of the shoots was observed af-
ter two weeks. The percentage of rooted shoots, the number of roots developed 
per rooted shoot, and the length of the longest root were recorded after culture 
of the explants for four weeks under the established light and temperature con-
ditions. The cultivars “Camoesa” and “Repinaldo” yielded the highest rooting 
rates (both 91%) in MS medium containing IBA (0.1 mg∙L−1), with a maximum  
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Figure 2. Effects of BA, Zea, 2iP and TDZ at three concentrations (0.25, 0.5 and 1 mg∙L−1) 
with and without IBA (0.1 mg∙L−1) on shoot multiplication after 4 weeks. Bars represent 
the standard deviation (SD). Means denoted by different letters are significantly different 
(Tukey P = 0.05). 
 
mean number of 5.67 roots per shoot in the cultivar “Camoesa” and of 4.12 roots 
in the cultivar “Repinaldo” (Table 2), but lower rooting rates and number of 
roots were obtained when the shoots of both of these cultivars were transferred  
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Figure 3. Effects of BA, Zea, 2iP and TDZ at three concentrations (0.25, 0.5 and 1 mg∙L−1) 
with and without IBA (0.1 mg∙L−1) on shoot multiplication after 4 weeks. Bars represent 
the standard deviation (SD). Means denoted by different letters are significantly different 
(Tukey P = 0.05). 
 
to MS0 medium without auxin (Table 2). Some shoots only rooted in medium 
containing auxin (“Cacharela” and “Príncipe Grande”), while other cultivars 
only rooted successfully in the basal medium MS0 (“Ollo Mouro” and pear  
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Figure 4. Effects of BA, Zea, 2iP and TDZ at three concentrations (0.25, 0.5 and 1 mg∙L−1) 
with and without IBA (0.1 mg∙L−1) on shoot multiplication after 4 weeks. Bars represent 
the standard deviation (SD). Means denoted by different letters are significantly different 
(Tukey P = 0.05). 

 
“Manteca Oscura”). The apple cultivar “Tres en Cunca” did not root under any 
of the conditions studied. The survival rates of the plantlets acclimatized for four 
weeks were very variable (Table 2) being 100% in “Principe Grande” and values 
between 50% and 96.8% for the other cultivars of both apple and pear trees. The 
complete procedure for micropropagation is illustrated in Figure 6. 

4. Discussion 

A micropropagation protocol was developed from apices of apple and pear 
shoots cultured in vitro. The effects of several cytokinins and AIB auxin on mi-
cropropagation were examined. 

The common establishment medium for all apple and pear cultivars consisted 
of solid MS mineral supplemented with BA (1 mg∙L−1), GA3 (0.2 mg∙L−1) and IBA 
(0.3 mg∙L−1) [31]. The combined effect of BA and GA3 for establishment of the in 
vitro culture of fruit trees has previously been reported for pear trees [14] and 
apple trees [21], even when starting from buds and apple tree nodes [33]. 
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Figure 5. Normal development of apple (a) and pear shoots (c) in media containing BA, 
and hyperhydric shoots obtained with a high concentration (1 mg∙L−1) of the cytokinin 
TDZ in apple and pear shoots (b), (d) respectively. 

 
Table 2. Effect of IBA on in vitro rooting and acclimatization of shoots of apple and pear 
cultivars, after 4 weeks in ex vitro conditions. 

Cultivars 
Concentration 
IBA (mg∙L−1) 

In vitro 
Rooting (%) 

Mean n˚ of 
roots/shoot 

Mean root 
length (mm) 

Acclimatization in 
greenhouse (%) 

“Cacharela” 
0.1 
0 

13 
0 

1.14 ± 0.38 ab 
0.00 ± 0.00 a 

33.00 ± 6.63 
0.00 ± 0.00 

81.25 
------- 

“Camoesa” 
0.1 
0 

91 
59 

5.67 ± 2.46 f 
3.78 ± 2.26 d 

33.59 ± 8.06 
38.31 ± 11.29 

69.38 
96.87 

“Gravillán” 
0.1 
0 

65 
11 

2.97 ± 1.75 cd 
2.00 ± 1.26 ab 

47.31 ± 11.78 
63.50 ± 10.85 

57.14 
83.33 

“José Antonio” 
0.1 
0 

59 
39 

3.53 ± 2.42 d 
2.76 ± 2.23 bc 

59.00 ± 25.21 
82.43 ± 34.61 

81.25 
52.38 

“Ollo Mouro” 
0.1 
0 

0 
4 

0.00 ± 0.00 a 
1.00 ± 0.00 a 

0.00 ± 0.00 
85.66 ± 7.07 

------- 
50.00 

“Príncipe 
Grande” 

0.1 
0 

4 
0 

1.00 ± 0.00 a 
0.00 ± 0.00 a 

61.50 ± 13.43 
0.00 ± 0.00 

100.00 
-------- 

“Repinaldo” 
0.1 
0 

91 
80 

4.12 ± 1.92 e 
3.39 ± 1.56 d 

73.49 ± 33.55 
48.86 ± 26.09 

87.75 
76.74 

“Tres en 
Cunca” 

0.1 
0 

0 
0 

0.00 ± 0.00 a 
0.00 ± 0.00 a 

0.00 ± 0.00 
0.00 ± 0.00 

------- 
------- 

“Barburiña”* 
0.1 
0 

7 
2 

2.00 ± 0.82 ab 
1.00 ± 0.00 a 

90.25± 27.71 
1.00 ± 0.00 

75.00 
0.00 

“Manteca 
Oscura”* 

0.1 
0 

0 
0 

0.00 ± 0.00 a 
1.00 ± 0.00 a 

0.00 ± 0.00 
57.33 ± 6.80 

------- 
66.66 

The data are expressed as means ± SD. The different letters indicate significant differences in the means 
between treaments (Tukey P = 0.05). The cultivars marked with *belong to pear trees. 
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Figure 6. Complete procedure for micropropagation (a) apple shoot tips estab-
lishment in vitro (b) (c) multiplication stage (d) in vitro shoot rooting (e) Trans-
plantation of apple plantlets after for 4 weeks in rooting medium in pots under 
rooting chamber conditions at a temperature of 24˚C ± 2˚C and (f) acclimatiza-
tion under greenhouse conditions after one month. 

 
The presence of GA3 together with BA and IBA promotes growth of estab-

lished buds [26]; however, some authors indicate that GA3 inhibits the develop-
ment of apple shoots at the multiplication stage and even at the rooting stage 
[34]. In the present study with the eight apple and two pear cultivars, MS me-
dium supplemented with BA (1 mg∙L−1) GA3 (0.2 mg∙L−1) and IBA (0.3 mg∙L−1) 
proved suitable for establishing all selected cultivars. However, GA3 was sup-
pressed from multiplication stage media. 

BA is one of the most commonly used and effective cytokinins for developing 
axillary buds in both apple and pear [35] [36]. Other cytokinins such as Zea, 2iP 
and kinetin [37] are less commonly used, and the use of phenylurea derivatives 
such as thidiazuron and N-2-chloro-4-pyridyl)-N-phenylurea (CPPU) is some-
times described on shoot proliferation in pear cultures [38]. However, theeffec-
tiveness of any of these cytokinins in the multiplication medium will depend 
primarily on the genotype of the cultivar [28]. 

Several authors have reported the use of shoot tips of a few millimeters for the 
establishment [39] [40] specially to eradicate viruses. In our study, for very small 
apical shoots (<3 mm) we placed a sterile filter paper disc in the upper part of 
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the setting medium, avoiding, to a great extent, the rapid proliferation of endo-
phytic bacteria in the establishment phase. This allowed the development of 
shoot tips by improving the survival rate of the in vitro starting material. 

At the multiplication stage, the in vitro induction of axillary buds capable of 
forming shoots is widely used to propagate fruit trees. Furthermore, the risk of 
mutation in clones derived from axillary buds is much lower than the risk of 
mutation during organogenesis from callus. 

Both BA and TDZ are the most frequently used cytokinins in apple regenera-
tion and they have been compared in several studies [28]. TDZ has been found 
to be more effective than BA for shoot regeneration in numerous trials [25] [41] 
[42]. The optimal TDZ concentration largely depended on genotype. We found 
that growth media containing the highest level of TDZ (1 mg∙L−1) yielded the 
highest number of shoots in only four of the selected cultivars “José Antonio” 
and “Tres en Cunca” apple cultivars, as well as the pear cultivars “Barburiña” 
and “Manteca Oscura”. For the other cultivars, the lowest concentrations of 
TDZ (0.25 and 0.5 mg∙L−1) were more suitable and favorable. However, at higher 
concentration of TDZ, callus formation was observed and smaller shoots devel-
oped. Although some authors have reported otherwise [43], we found that the 
concentration of TDZ affected shoot length in all cultivars, with visibly shorter 
shoots produced at the highest concentration of 1 mg∙L−1. Even though the re-
generated shoots did not hyperhydric in many apple and pear cultivars, visible 
differences were observed in the morphology of regenerated shoots: more com-
pact shoots with short internodes and small rolled leaves with wavy edges. 

Results from studies with Pyrus pyrifolia showed that the presence of hyper-
hydricity in the explants was influenced by the type of cytokinin. In our study, 
more hyperhydric buds appeared when TDZ instead than BA or cytokinins de-
rived from adenine were used, and the concentration had little influence [44], 
TDZ had a stronger effect on hyperhydricity, as also observed in Malus pumila 
[42]. The results of the present study showed that high concentrations of TDZ or 
BA were more important in relation to the formation of hyperhydric shoots than 
whether the cytokinin was derived from phenylurea or adenine. However, high 
concentrations (1 mg∙L−1) of other cytokinins tested (2iP and zea) did not pro-
duce hyperhydricity, except in apple trees cultivar “Camoesa”, “Gravillán” and 
“Ollo Mouro” with an average between 0.02 and 0.96 hyperhydric shoots. This 
confirms that the type of cytokinin and optimal concentration for micropropa-
gation of woody plants may depend on genotype [38].The medium of multipli-
cation selected by the rate and quality of the buds that grew in them have been 
three: MS BA 0.25 mg∙L−1 IBA 0.1 mg∙L−1 for cultivars “Cacharela”, “Camoesa”, 
“Gravillán” and “Ollo Mouro”; MS BA 0.5 mg∙L−1 IBA 0.1mg∙L−1 for “José Anto-
nio”, “Príncipe Grande”, “Repinaldo” and “Tres en Cunca” and MS BA 1 mg∙L−1 
for two pears “Barburiña” and “Manteca Oscura”. 

Most studies involving in vitro rooting of apple and pear use auxins, such as 
IBA and IAA. The use of IBA has been shown to play an important role in the 
rooting of these fruit trees as well as in different plants; however, the optimum 
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concentration of IBA for maximum rooting differs between species and cultivars 
[45] [46]. We observed that the presence of IBA in the medium significantly in-
creased the in vitro rooting of the shoots in all cultivars, with the exception of 
“Ollo Mouro” and “Manteca Oscura”, compared to auxin-free medium. Rooting 
rates were achieved in most of the studied cultivars on medium supplemented 
with IBA (0.1 mg∙L−1). Regenerated plantlets were successfully transferred to the 
greenhouse for acclimatization. However, production of a limited number of 
plantlets has been achieved in some cultivars due to the low rate of in vitro 
rooting in MS0 medium. In addition, genotype strongly influenced the process 
of acclimatization to ex-vitro conditions, which is another factor limiting the 
success of micropropagation of these fruit trees cultivars. 

The most responsive cytokinins for inducing axillary buds from apple and 
pear shoots were TDZ and BA, while Zea and 2iP were much less effective. TDZ 
was more effective than BA for producing buds in all apple and pear cultivars 
tested. In both pear cultivars and the apple cultivars “Jose Antonio” and “Tres en 
Cunca” better responses were obtained at the highest concentration (1 mg∙L−1) of 
TDZ, while the other apple cultivars showed a better response with lower con-
centrations (0.25 and 0.5 mg∙L−1) of TDZ. BA was the most effective cytokinin (at a 
concentration of 1 mg∙L−1) for most of the apple cultivars tested (“Cacharela”, 
“Camoesa”, “osé Antonio”, “Ollo Mouro”, “Principe Grande”, “Repinaldo” and 
“Tres en Cunca”) and for both pear cultivars, while in the apple cultivar “Gravillán” 
a better response was obtained with a lower concentration (0.5 mg∙L−1) of BA. 

5. Conclusion 

To conclude, BA and TDZ proved to be the most effective cytokinins for multip-
lication of all apple and pear cultivars tested, varying the optimal concentration 
according to the genotype. But the use of TDZ was ruled out because of malfor-
mations in leaves and stems in all cultivars, although with the three concentra-
tions of TDZ higher rates of multiplication were obtained. The presence of IBA 
0.1 mg∙L−1 in the rooting medium was effective only on five apple cultivars, but 
did not have a positive response (less than 10%) on root formation in the re-
maining apple and pear tree cultivars selected. 
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BA: 6-Benzylaminopurine 
cv: Cultivar 
GA3: Gibberellic Acid 
IBA: Indol-3-Butyric Acid 
MS: Murashige and Skoog Medium 
PGRs: Plant Growth Regulators 
TDZ: Thidiazuron (1-Phenyl-3-(1,2,3,-Thiadiazol-5-yl) Urea 
Zea: Zeatin 
2-iP: N6-(2-Isopentyl) Adenine 
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