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Abstract 

Rhodiola rosea L. (Golden Root, Roseroot) is an endangered species and is protected by law in 
Bulgaria and other countries. Rhizome and roots extracts are used as a stimulant of immune system, 
adaptogen, and for prophylactics and cure of socially important diseases – cancer, cardiovascular, etc. 

Schemes for in vitro propagation and plant regeneration were established previously. The aim of 
the present work was to morphologically and cytologically characterize the regenerants. Concerning 
flowers, leaves, stem and rhizomes no differences were recorded between the wild plants and the 
regenerated plants grown ex vitro in the adaptation room, in the green house and in the mountain. To 
detect chromosome number, commonly used techniques for squash preparations were modified to be 
used for root tip meristem cells of Rhodiola rosea regenerants. In vitro plants obtained on different 
culture media were subjected to cytological analysis. The chromosome number in all samples was 2n = 
22, which confirms the diploid level of plant regenerants and cytogenetic identity with the wild type. 

The study indicates that the established in vitro schemes are suitable for mass propagation and 
production of identical plants of this endangered medicinal species, which could be a basis for 
restoration of the natural habitats and for establishment of fields for growing plants for production of 
pharmacologically valuable substances. 
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Introduction 
 

Bulgarian medicinal plants are famous for their high content of valuable substances and 
outstanding quality, due to the country specific soil and climate conditions [1]. More than half 
of the annual production of 15 000 – 17 000 t is coming from the mountains [2, 3, 4]. Eighty 
per cent of the harvests are exported, which situates the country in one of the leading world 
positions in export of medicinal plants collected from nature.  

According to the Food and Agricultural Organization (FAO) [5] the world flora becomes 
poorer from year to year, thus destroying the ecological balance in nature. During the last 
years, 4000 to 10 000 medicinal species are in danger of disappearing [6]. 

Rhodiola rosea L. (Sedum roseum (L.) Scop., S. rhodiola DC.), with popular names 
Golden root, Roseroot or Arctic root, is a rare plant belonging to family Crassulaceae. It is a 
valuable species of the Bulgarian medicinal plants gene fund. The family Crassulaceae 
includes six genera. Genus Rhodiola enlists 200 species. The Golden root spread in Bulgaria 
has distinguished pharmacological value and is widely used in practice. 

Rhodiola rosea L. is a succulent herbaceous plant with a thick quite branched scaly 
rhizome (rootstock) with average weight of 70 – 400 g, but reaching 3.5 kg as well. Root and 
rhizomes have rose scent. The stem is straight, 10 – 30 cm in height with rare leaves, 
cylindrical in shape [7, 8]. The natural habitats of Rh. rosea decrease in their number 
progressively. At the same time restoration ability of wild plants is limited due to the low seed 
germination and the low vegetative coefficient of reproduction [9]. Roots and rhizomes 
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(Rhadix et Rhizoma Rhodiolae) are the raw material for extraction of biological active 
substances [10]. Plants need 4 – 6 years for optimal development and accumulation of 
biologically active substances in the rhizomes [9, 11]. 

 
Roseroot was of interest to the plant biotechnology for many years. However, in vitro 

cultivation of Rh. rosea is not easy, because the species grows in the wild and because its 
most valuable part is the rhizome, a rather difficult tissue for in vitro cultivation.  

In vitro culture establishment of Golden root has started in Bulgaria several years ago and 
resulted in development of efficient systems for plant regeneration, shoot multiplication and 
micropropagation, followed by adaptation in natural condition and development of 
regenerants in the wild environment [12, 13]. 

The objectives of the present investigations are to compare plant morphology and the 
chromosome number of regenerated in vitro plants with these of the wild plants. 

 
Materials and methods 

 
Schemes for in vitro propagation and plant regeneration of Rhodiola rosea were 

established previously [13]. The growth and development of the regenerants in ex vitro and in 
vivo conditions were under observations within 2 – 3 years. 

Morphological and physiological characteristics of plant obtained in vitro. 
Regenerated in vitro plants grown in the green house and in the mountain were compared 

to the initial plants developing in the nature. Morpho-physiological characterization of both 
groups of plants was based on criteria like stem height, newly formed leaves number, flower 
and seed setting, root and rhizome formation and growth.  

Cytological characteristics of regenerants obtained in vitro.  
Microscope cytological preparations of root meristems of in vitro plants were prepared to 

compare regenerants with the initial plants. Conditions for “squash” preparations were chosen 
empirically as there was no methodology for in vitro obtained Rhodiola rosea plants. 

Samples for microscope observation.  
Root tips were excised from in vitro propagated plants (Fig. 1). Plants were multiplied on 

MSZ4 medium containing 2 mg l-1 zeatin and were transferred for rhizogenesis induction on 
four variants of nutrient media (containing basal Murashige and Skoog medium [14] and 
different combinations and concentrations of auxins): 

MSR0 – basic Murashige and Skoog medium with half concentration of macro/microsalts 
and vitamins;  

MSR-1 medium containing 1 mg l-1 Indole-3-butyric acid (IBA) and 1 mg l-1 Gibberellic 
acid (GA3);  

MSR-4 – 2.0 mg l-1 IBA, 0.2 mg l-1 Indole-3-acetic acid (IAA) and 1 mg l-1 GA3; 
MSR-8 – 2.0 mg l-1 IBA, 0.2 mg l-1 IAA and 0.4 mg l-1 GA3. 
After formation of roots and their growth for 20 days to reach the size of 1-2 cm, plantlets 

were taken out of the test tubes, agar was removed from the roots and the latter were 
thoroughly washed in distilled water. This procedure was taking place between 9.30 – 10 h in 
the morning. Root material was taken from 20 plantlets from each variant of the rooting 
nutrient media.  
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Figure 1. In vitro propagated Rhodiola rosea plant and rhizogenesis.  
 

Chromosome pretreatment. Cytological material was subjected to colchicine treatment 
for contraction of the chromosomes and for their better dispersion in the cell cytoplasm, 
making their identification easier.  

In our experiments colchicine in different concentrations and time treatment was used for 
contraction of the chromosomes in the root meristem cells of the regenerants (Table 1)  

 

Table 1. Schemes for pretreatment of chromosomes from root tips cells of Rh. rosea in cytological preparations 
 

 Colchicine 
concentrations 

Treatment duration 
1 h 130 h 2 h 230 h 3h 

1 0.025 % + + + + + 
2 0.010 % + + + + + 
3 0.050 % – + + + – 
4 0.100 % + + + – – 

Legend: “+” – applied scheme; “-“ – not applied scheme 
 
 

Fixing and staining of plant material.  
Fixing of plant material. Fixing of root tips was used for stabilization of the structure of 

the tissue, cells and cell organelles and for protection from the negative effects of the 
subsequent manipulations. Almost all cell components could be stained in contrast colors after 
the fixation, thus making observations very exact. In addition, fixation allows storage and 
observation of the material for a longer period of time.  

In our experiments, root tips of Rhodiola rosea were transferred in fixing mixture known 
as Clarke's fluid, which contains 1 part glacial acetic acid and 3 parts absolute ethyl alcohol.  

Clarke’s fluid is a rapid fixative, ensuring the best chromosome fixation and visualization 
with great penetration ability. Fixing time takes from one to three hours. This fixative is 
specially preferred for fixing mitotic materials in plants.  

Washing out of the plant material. After fixing the plant material, the cytological 
preparations were washed out with d H2O for five minutes.  

Storage of the chromosome samples. Samples were stored in 70 – 75 % EtOH at low 
temperature 0 – 3oC for a certain period of time till examination. 

Staining and macerating of plant material.  
Root tips were treated with 3 different staining agents for various time durations for 

staining of the chromosomes, as mentioned below: 
1. Schiff reactive. Schiff reactive was applied for 45 – 60 minutes;  
2. Acetocarmine. Two percent and 4 % solution of acetocarmine were used for 20 

minutes and for 1 hour. To prepare acetocarmine solution, the carmine was dissolved in 45 
% solution of glacial acetic acid; 
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3. Aceto – orcein. Four percent solution of aceto-orcein single treatment or in 
combination with 1N HCl in two ratios (9:1 and 8:2) for 20 min, 45 min and 1 hour were 
used in the experiments. To prepare 4 % stock solution of aceto-orcein 4 g orcein were 
dissolved in 100 ml 45 % glacial acetic acid, followed by boiling with reverse cooler, than 
filtrated and stored in dark glass bottle.  

Maceration. Plant material was subjected to maceration in 1N HCl for a series of time 
treatment periods.  

Microscope slide preparation.  
Microscopic preparations were obtained by squashing the root tips – “squash” 

preparation. Root tips were laid onto a slide in 1-2 drops of the staining solution. In the cases 
of over staining 1-2 drops of 45 % acetic acid, glacial were added. Air bubbles were avoided. 

 
Results and discussions 

 
Characteristics of in vitro cultures and plant regenerants. 
Morphological characteristics of the plants regenerated in vitro and transferred to green 

house and nature for further development.  
Golden root reproduction by seeds by the conventional method is rather difficult. Seeds 

do not germinate at room temperature or the germination is very low (up to 5%) [9]. Better 
results were achieved after seed stratification [15]. Development of the juvenile sprouts is too 
slow – within one year, only one stem develops, with size of 5 – 7 cm and with 5 – 7 leaves. 
Only 8 – 10 % of the germinated seeds survive till the next year. During the second year 2 - 3 
vegetative stems develop, reaching 8 - 10 cm in size and the formation of the rhizome begins, 
reaching 1 – 3 mm [9]. 

Plant regenerants when transferred into pots containing mixture of soil:peat:perlit grew in 
height, forming relatively thin stems during the first period of their adaptation to in vivo 
conditions (Fig. 2). After 10-12 weeks, growth ceased and thickening of the stem was 
observed. After 12 – 14 weeks, when plants reached 10 - 15 cm in size, they were transferred 
to the green house where they passed the winter period. In spring, these plants formed 
vegetative stem of 5-6 cm in size and rhizomes like those of the wild plants of this age (Fig. 
3). 

 
 

 
 

Figure 2. Adapted plants of Golden root  
Figure 3. Roots and rhizomes of in vitro regenerated plant 
cultivated two years in green house.  
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Regenerants transferred to natural conditions in the Rhodopa Mountains had high 
survival rate, of 68%, after winter passed. In April, vigorous vegetation was observed with 
formation of sprouts. In May and June, the development continued and stems reached 10 cm 
in size and formed 2 – 5 leaves. The stems were not branched and slightly bent. After removal 
of the outer surface of the dark brown layer of the rhizome the golden color appear. Flowers 
were yellow, like those of the wild plants. Our results are in harmony with those reported by 
[16] for successful adaptation of in vitro obtained plants in the green house, with development 
and morphological characteristics of the regenerants like the wild plants.  

Yield of in vitro propagated plants was similar to that of the wild plants. Dry weight of 
the roots and the rhizomes of two years old regenerants was 1.4 g average, while the average 
weight of the same dry material from two years old plants originated from seeds was 1.16 g. 
The ratio between the weight of the root and rhizome was 45% : 55% and did not differ for 
the both groups.  

Cytological characteristics of regenerants grown in vitro.  
In vitro cultivation may cause caryotype changes especially in the cases when plant 

regeneration undergoes trough a callus stage. Polyploidization leading to double, triple and 
higher increase of the haploid chromosome set could be observed. These processes lead to 
formation of somaclonal variants, valuable for developing of new genetic forms and for 
enrichment of the gene fund and biodiversity. However, in other cases variability is not 
desirable, especially when in vitro cultures are used for maintaining of mother plant 
characteristics and qualities [17]. This is of great importance when the aim is conservation or 
restoration of valuable plant species which is the case with the endangered medicinal plant 
Rhodiola rosea.  

The results of experimental “squash” preparations using four colchicine concentrations 
(0.025, 0.01, 0.05, 0.1 %) and time treatment of five durations (1, 1 ½, 2, 2 ½, 3 hours) 
showed that the most appropriate conditions leading to the best quality preparations, with 
maximal contraction and disperse of the chromosomes, were colchicine concentration 0.05%, 
treatment 2½ hours, temperature 24оС. The best staining and contrast were achieved when 
mixture of 4% aceto-orcein and 1N HCl was used in a ratio of 9 : 1 (Fig. 4). 

Cytological experiments defined the procedures for good quality “squash” preparations 
for Rhodiola rosea as follows. 

 
1. Pretreatment of root tips with: 
a) 0.05% solution of colchicines for 2½ hours; 
b) Washing out the fixing solution with ddH2O for 5 minute; 
2) Staining in mixture of 4% aceto–orcein and 1N HCl in ratio 9:1 for 45 minute; 
3) Squashing the plant tissue in a drop of 4% aceto-orcein.  

 
The procedure mentioned above was applied to analyze the chromosome number in 

meristematic cells of root tips excised from regenerated plants multiplied on MSZ4 and rooted 
in four media (MSR0, MSR-1, MSR-4, MSR-8). These media were selected to have different 
composition and content of phytoregulators so that estimation of the media impact on the 
ploidy level could be possible.  

Chromosome number in the root tip cells of all the examined in vitro regenerats of 
Rhodiola rosea obtained on the different media was 22 and was identical with the diploid 
chromosome number of 2n = 22 of the wild plant [18, 19]. This results indicate that the 
regeneration schemes developed by us favor stability of the initial caryotype. This fact is very 
important for the purposes of restoration of the species and for creating nurseries and fields of 
Golden root serving the pharmacological needs. 
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Figure 4. „Squash” preparation of meristematic cells of root tips excised from in vitro plant regenerants of 
Rhodiola rosea, hawing diploid chromosome number of 2n = 22. 
 
Conclusions 
 

The presented results confirm the morphological and cytological identity of Rhodiola 
rosea regenerants with the wild growing plants in the nature. That indicates the effectiveness 
and the reliability of the established system for in vitro multiplication of plants, their 
adaptation in vivo and its application for conservation and restoration of the endangered 
golden root species. The system has also the perspective of producing raw material for 
pharmacological industry. 
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