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 Ex situ conservation provides an important protection against the loss of plant genetic 
resources, playing a key role for the programs of rare plant preservation. The article 
present result of micropropagation in vitro of unique genotypes of Rhododendron 
ledebourii (forms with apricot-pink, bright pink and typical coloration corolla). For the 
first time annual shoots were used as an optimal type of explant to introduce tissues into 
culture. Determining factor for regeneration of adventitious shoots was usage of 5 or 10 
µM thidiazuron medium. At this micropropagation stage, one could clearly see genetic 
differences among explant regarding cultivation conditions. The Murashige and 
Skoog´s medium proved to be unsuitable for growth of apricot-pink corolla form (only 
a few shoots were observed) as opposed to bright pink and typical coloration corolla, 
which both were cultivated successfully on A and MS media. Adventitious shoots were 
elongated on Anderson´s or Murashige and Skoog´s medium with 2-10 µM 2-
isopentyladenine and rooted ex vitro in sphagnum moss. Acclimatized plantlets were 
grown actively in the greenhouse, and the percentage of survival was 90%. 
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INTRODUCTION 

 
 Borderline plant populations, both peripheral (located at the boundary of the geographic range of the 
species) and marginal (at the environmental limits of its existence) are of a special interest for botanical studies. 
Due to a number of circumstances (geographic isolation, hybridogenic processes, limited growth conditions, 
strong selection), distinct genotypes are formed. Both morphological and biological traits are individualized in 
borderline populations (Parfyonov, 1980). Morphological diversity, specific adaptive traits, individual resistance 
to adverse environmental factors make such populations a great source for genetic study, selection, and 
introduction. Search and preservation of such forms is one of the most important tasks for botanical gardens. 
 The Siberian species of Rhododendron are of a considerable interest in this regard, and they also are 
insufficiently studied. One of such species is Rhododendron ledebourii Pojark. (Ericaceae), characterized by 
high variability and ecological plasticity, high interpopulational,  morphological and genetic diversity; this 
species is also of a potentially commercial value. 
 Ex situ conservation provides an important protection against the loss of plant genetic resources, playing a 
key role for the programs of rare plant preservation. Storage of seeds or curation of live plant material is one of 
the most effective and widespread methods of ex situ conservation. Moreover, in recent years, in vitro 
techniques, including seed germination as well as micropropagation by meristem culture and callus culture have 
been recognized to complement conventional conservation methods. Use of in vitro techniques in germplasm 
conservation is increasing, and long-term storage of material in culture presents a challenge [25]. 
Biotechnological methods are of critical importance for the sustainable use of plant resources [26,3,4,8,10,27]. 
 In this study, we report our results on micropropagation in vitro of unique genotypes of Rh. ledebourii. 
 

MATERIALS AND METHODS 
Plant material: 
 Highly decorative forms of Rh. ledebourii were found in the Ilgumen‘ River valley, on the eastern slopes of 
Terektinsky mountain range (Altai Republic, Russian Federation) in May 2012. Our field work was conducted 
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under the program titled ―Woody plants of Asian Russia in nature and culture: biodiversity, introduction, genetic 
conservation‖. 

 Rh. ledebourii belongs to the genus Rhododendron, subgenus Rhododendron, section Rhododendron, 

subsection Rhodorastra according to classification of Chamberlain [6], or to the genus Rhododendron, subgenus 

Rhodorastrum, series Daurica according to classification accepted in Russian botanical literature  [1,13,22]. 

 Detected forms differed in flower coloration from typical Rh. ledebourii (Fig. 1). Form 1 had pink-apricot 

corolla (Fig. 2) while Form 2 had bright pink corolla (Fig. 3). 

 

 
Fig. 1: The typical corolla color of Rh.  Ledebourii. 

 

 
Fig. 2: Form 1 of Rh. ledebourii with pink-apricot corolla. 

 

 
Fig. 3: Form 2 of Rh. ledebourii with bright pink corolla. 

 

 Material for introduction in culture in vitro was collected in May, June and October. 

 Annual woody shoots of Rh. ledebourii collected in nature were submerged in 70% ethanol for 30 sec, and 

then their surface was sterilized for 15 min by 0.15% (w/v) HgCl with a drop of Tween-80. Shoots were washed 
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three times in sterile distilled water, and planted in sterile vials on Murashige and Skoog´s medium (MS) [18] or 

Anderson´s medium (A) [2]. 

 

Initiation of cultures: 

 The initiation medium contained macro- and microsalts MS or A and vitamins, 3% (w/v) sucrose and 0.6% 

(w/v) agar. The medium was supplemented with 2-isopentyladenine (2-iP) 10 µM or thidiazuron (TDZ) 10 µM. 

The pH of the medium was adjusted to 5.8 for MS and 5.2 for A medium before autoclaving. After sterilization, 

the shoots were planted singly in test tubes on the initiation medium and cultivated at 25±1°C under cool, white 

fluorescent lights (3000 lux) at 16 h photoperiod. 

 

In vitro micropropagation: 

 Shoots developed from axillary buds were used for plant regeneration. Explants were cultured on MS or A 

medium containing 2-iP (2, 5, 10 and 20 µM) or TDZ (5 and 10 µM). All of the media were supplemented with 

3% sucrose and solidified with agar (0.4%); pH of the media was adjusted to 5.8 for MS and 5.2 for A. The 

explants were cultivated in a tissue culture room at temperature of 25±1°C under cool, white fluorescent lights 

(3000 lux) at 16 h photoperiod and subcultured on fresh media every 3-4 weeks. 

 

Root induction and acclimatization: 

 To induce rooting in vitro the A medium was used with full or halved content of mineral components, 

complemented by 5 or 10 µM indole-3-butyric acid (IBA). To induce rooting ex vitro the shoots (1.0-1.5 cm) 

were submerged for 24 hrs in IBA 30 mg/l IBA solution. To induce rooting and acclimate in substrate, we used 

clear plastic containers with lids, filled by sphagnum moss. Plants were grown on racks with 16 h light/ 8 h dark 

photoperiodic regime, under 24±2°С temperature. After acclimatization, plants were planted into containers 

with nutritive soil mixture Azalea® and grown in a greenhouse. 

 

Observations and statistical analysis: 

 Assessment of the external morphology of explants was performed using a Carl Zeiss Stereo Discovery 

V12 stereomicroscope with digital color AxioVision 4.8 software for obtaining, processing and analysis of 

images. 

 Mean values are compared by LSD test at p ≤ 0,05 (Statistica 6.0). Each experiment was repeated twice 

(total number of 50 explant type per treatment). 

 

Results: 

Initiation of cultures: 

 Our study shows that, at the initiation stage, main role was played by a type and concentration of growth 

regulators as well as timing of culture initiation in vitro. The best time of Rh. ledebourii explant isolation was 

the period of active shoot growth (end of May) (Fig. 4 a). Optimal media were А as well as MS, supplemented 

by 5 or 10 µM TDZ. Use of 2-iP did not cause any morphogenetic response of the explants. Only 40 % of bright 

pink form explants, and 20 % pink-apricot and typical form explants survived after being surface-sterilized. 

Following this, only axillary buds on annual shoots developed, while apical buds evidently were damaged by 

sterilization and became incapable to grow. Further cultivation on the same media facilitated mass shoot 

formation; on average, 10-12 shoots per explant formed after the second passage (Fig. 4 b). 

 

In vitro micropropagation: 

 One of the effects of TDZ is mass formation of shortened shoots (Huetteman & Preece, 1993; Lu, 1993). At 

propagation stage, it was necessary to obtain both high propagation rate and normally developed shoots. In order 

to achieve this, we transferred shoot conglomerates obtained on TDZ-containing medium to elongation media 

(MS and A) which contained another type of cytokinin, 2-iP. 

 At the micropropagation stage, genetic differences between explants toward growth conditions could have 

been distinguished. The MS medium was unsuitable for pink-apricot corolla form (only solitary shoots were 

detected) as opposed to typical form and bright pink corolla form, which grew equally well on both A and MS 

media (Table 1). 

 Cultivation on TDZ-containing medium showed swelling of the explant tissues and formation of shoot 

primordial starting from the 3rd week of culture initiation (Fig. 5 a). Adventitious shoot induction was highly 

influenced by the type of cytokinin. In fact, while TDZ induced organogenesis, 2-iP contributed to the 

elongation of shoots (Figs. 4 c-h). On the media containing 5 to 10 µM TDZ, conglomerates of various size (1.0 

to 3.05 mm at the base) were formed, with 29 to 266 shoots per explant. Further, these conglomerates were 

separated into portions and cultivated on the 2-iP-containing media. Our study shows that 2-iP concentration 

was significantly affecting propagation coefficient only in the typical form of Rh. ledebourii; best results were 

achieved on MS medium supplemented with 10 µM 2-iP. Forms 1 and 2 generated 6 to 9 shoots independently 
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of cytokinin concentration. It was obvious that shoots developing on these media were already formed on TDZ-

containing medium. 

 

 

 
 

Fig. 4: Cultivation stages in vitro of Rh. ledebourii a initial material for culturing in vitro (Form 1), b axillary 

bud development on А + 10 µM TDZ medium (Form 1), c adventitious shoot development on А + 2 µM 

2-iP medium (Form 2), d adventitious shoot development on MS + 10 µM 2-iP (Form 2), e adventitious 

shoot development on А+ 10 µM TDZ medium (Form 2), f adventitious shoot development on А+  2 

µM 2-iP (Form 1), g single shoot development on MS + 10 µM 2-iP medium (Form 1), h adventitious 

shoot development on А + 10 µM TDZ medium (Form 1) 

 
Table 1: Effects of culture medium and 2-iP concentration on regeneration of Rh. ledebourii shoots (after cultivation on the A+ 5 µM TDZ 

medium). 

2-iP 

concentration (µM) 

Rh. ledebourii form Medium 

MS A 

2 

 
 

 

5 
 

 

 
10 

 

 

T 

Form 1 
Form 2 

LSD05 

T 
Form 1 

Form 2 

LSD05 

T 

Form 1 

Form 2 
LSD05 

6,4 

0,4 
8,1 

** 

8,9 
0,5 

9,1 

** 
10,5 

0,4 

7,7 
** 

7,4 

10,1 
6,6 

** 

7,7 
7,1 

9,1 

n/s 
6,0 

7,7 

6,8 
n/s 

T × 2-iP concentration – ** 

Form 1 × 2-iP concentration – n/s 
Form 2 × 2-iP concentration – n/s  

T × Medium – ** 

Form 1 × Medium – ** 
Form 2 × Medium – n/s  

T – typical form; Form 1,  pink-apricot form; Form 2, bright pink form, mean values are compared by LSD test at p≤0,05, **– significant, 

n/s – not significant. 

 

Root induction and acclimatization: 

 Contrary to some Rhododendron species that root without auxin application [16,24], we did not observe 

consistent rooting without auxins. The effect of IBA (5 and 10 µM) added to the culture medium was tested in 

two macronutrient formulations, full and half-strength A. In all tested variants, regeneration of roots was not 

observed. Some studies [14,19,20] show that shoot rooting depends on aeration level, which could be 
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insufficient on agar-containing media. To remove this negative effect, various methods are used including ex 

vitro root induction. 

 We induced roots ex vitro in Rh. ledebourii shoots 15-25 m high. Shoots were submerged for 24 hrs in 30 

mg/l IBA solution, and then planted into sphagnum moss under elevated air humidity. In 45 days, output of 

rooted shoots was 80-90% (Fig. 5). 

 
Fig. 5: Clonal micropropagation of Rh. ledebourii (Typical form): a a conglomerate of shoots obtained on А + 

10 µM TDZ medium (cut in half), b a conglomerate of shoots cultivated on MS + 10 µM 2-iP medium 

(after А + 10 µM TDZ), c microshoots obtained  on elongation medium MS + 10 µM 2-iP, d rooting of 

shoos in sphagnum moss, e a rooted plant, f an acclimated plant after six months of growth  

 

 After two months, plants were transferred to the soil mixture Azalea® and were grown on racks at 25±1°C 

under cool white fluorescent lights (3000 lux) at 16 h photoperiod. After another two months, plants were 

transferred to the greenhouse and the percentage of survival was 90% (Table 2). 

 
Table 2: The parameters of growth and development of Rh. ledebourii forms at the stage of acclimatization to ex vitro conditions. 

Form of 

Rh. ledebourii 

After acclimatization in sphagnum Six months after acclimatization 

% viable 

plants 

Plant 

height, cm 

Number of 

leaves 

Number of 

roots 

% viable 

plants 

Plant 

height, cm 

Number of 

leaves 

Number 

of shoots 

T 
Form 1 

Form 2 

87 
80 

93 

2,3±0,4 
1,8±0,5 

2,4±0,8 

9,8±1,2 
7,6±1,0 

9,5±1,4 

2-4 
2-4 

2-4 

90 
– 

– 

9,0±0,7 
– 

– 

13,7±1,7 
– 

– 

5,9±1,2 
– 

– 

T, typical form; Form 1, pink-apricot form; Form 2, bright pink form; – , no data 

 

Discussion: 

 The nutrient medium according to Anderson [2] is frequently used for regeneration of rhododendrons [17]. 

Nevertheless, some authors prefer modified MS medium, e.g. Preil and Engelhardt [23] reported a high 

regeneration frequency in R. simsii Helmut Vogel on MS medium at a 1/10 dilution of macro/microelements. 

Our studies showed that the genotypes of Rh. ledebourii have a different answer to the composition of mineral 

components in the medium. The MS medium proved to be unsuitable for growth of apricot-pink corolla form 

(only a few shoots were observed) as opposed to bright pink and typical coloration corolla, which both were 

cultivated successfully on A and MS media. 

 Almost all rhododendron cultivars need specific culture conditions, in particular addition of suitable growth 

regulators. For rhododendron cv. Fuchsia, Hsia and Korban [11] reported low shoot induction in the presence of 

2iP, while the highest regeneration frequency was induced with TDZ. Some authors [11,17,27] reported TDZ to 

be an essential growth regulator for the shoot induction of leaf explants. In this work have been tested two types 

of cytokinins: 2-iP and TDZ. Our results indicated that determining factor for regeneration of adventitious 

shoots of genotypes of Rh. ledebourii was usage of 5 or 10 µM TDZ medium. At later stages of cultivation was 

necessary to change the type of cytokinin (2-iP) for the elongation of shoots. 

 We founded that the ex vitro rooting of rhododendrons was superior to in vitro rooting. These results are in 

agreement with previous results in other Rhododendron species where ex vitro rooting of micropropagated 

shoots has been successfully used [5,7]. Furthermore, in commercial practice micropropagated shoots of 

Rhododendron are rooted ex vitro since it is more cost-effective [9]. 
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Conclusions: 

 The present study describes for the first time the protocol for the propagation through tissue culture of 

unique genotypes of Rh. ledebourii, a rare species from Altay, with a potential for landscaping. The results 

presented in this paper show that adult plants of Rh. ledebourii can be cultured in vitro from axillary buds of 

annual shoots. Micropropagated shoots can be rooted ex vitro with 90% success. Ex vitro rooting was found 

beneficial both in terms of rooting results and acclimatization success (87-90% surviving plants). These 

protocols could be used to clone plantlets growing from native plants, and therefore could represent an 

important tool for the preservation of biodiversity and provide valuable material for the long-term storage of 

plant genetic resources. The present investigation focused on factors affecting the efficient micropropagation 

and subsequent acclimatization of unique genotypes of Rh. ledebourii, but not consider the problem of genetic 

stability of regenerants. Random amplified polymorphic DNA (RAPD) and intersimple sequence repeat (ISSR) 

will assay to determine the genetic stability of mother and micropropagated plants. 

 This is the first report of a successful in vitro propagation of unique genotypes of Rh. ledebourii. This is 

important owing to the economic importance of rhododendron propagation, and the need to establish successful 

and cheap methods of micropropagation. The proposed protocol seems to be adequate for commercial 

laboratories and can be applied easily to several different rhododendron cultivars to produce microplants. From 

a commercial point of view, the proposed protocol decreases the costs of plant production significantly through 

a reduction in the time and labour needed to obtain well-rooted and acclimatized olive microplants. Therefore, it 

could make the micropropagation of rhododendron cultivars in the nursery industry both possible and profitable. 
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