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Abstract 

The presented study was targeted to establish a protocol for indirect organogenesis from leaf 
explants of Arnica montana, an important medicinal plant for pharmaceutical and cosmetic use. For 
callus induction, two different types of explants (leaf and petiole segments) from three-months-old in 
vitro plants were cultivated on Murashige and Skoog medium (MS) supplemented with 0.1 mg/l 2,4-D 
(2,4-dichlorophenoxyacetic acid). The efficiency of callus formation from leaf explants was 90%. Our 
results showed that shoot regeneration from leaf-derived callus was possible in MS medium 
supplemented with 1 mg/l BA (N6-benzyladenine) and 0.1 mg/l 2,4-D. However, the intensity of shoot 
regeneration was low (0.86 shoots/explant). The organogenic capabilities were demonstrated during two 
subcultivations on the same medium. The mean number of shoots per explant increased gradually during 
passages and reaches up to 2.1. For micropropagation, the regenerated plants were cultivated on MS 
media, supplemented with cytokinins: BA, Kinetin, Zeatin and 2-iP (6-γ, γ-dimethylallylamino purine) 
and auxin IAA (indole-3-acetic acid). Rapid proliferation of shoots (16.3 shoots/explant) was achieved 
onto MS medium supplemented with 1.0 mg/l BA and 0.1 mg/l IAA. All the micro-shoots produced 
normal roots on ½ MS medium containing 0.5 mg/l IBA (indole butyric acid) in four weeks of culture.  
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Introduction 
 

Arnica montana L. (Asteraceae) is a very valuable medicinal plant. The natural habitat 
of A. montana in Bulgaria still remains under discussion. ASSYOV & al. [1] detected a single 
location in the Rila Mountain, however the data are to be confirmed. A. montana has been 
used from the oldest of times in the folk medicine, and presently is largely applied in 
pharmacy and cosmetics due to its antiseptic, anti-inflammatory, antibacterial, antifungal and 
antioxidant activities (GANZERA & al. [2]). Preparations of A. montana are widely used for 
the treatment of inflammatory diseases. The anti-inflammatory activity is mainly attributed to 
sesquiterpene lactones, synthesized in the plant. Since it is, an endangered and rare species 
development of tissue culture system is necessary for production of plants for medicinal 
purposes. Because of its medicinal importance and potential to produce valuable secondary 
metabolites in tissue culture, it is of great interest to develop biotechnological methods to 
improve the cultivation of the species. Although the micropropagation of А. montana has 
been described by DANIEL & BOMME [3]; CONCHOU & al. [4]; MALARZ & al. [5]; LE 
[6,7]; ZAPARTAN & DELIU [8]; BUTIUC-KEUL & DELIU [9] reports on the indirect 
organogenesis of this plant have not been studied. Each plant cell is able to develop into a 
whole plant when appropriate conditions to stimulate cell division are provided. Different 
nutrient levels, along with phytohormone concentrations, temperature, light, humidity, and 
plant genotype are the factors that determine callus initiation and growth from plant tissues. 
Callus culture from leaf explants of Arnica montana and Arnica foliosa on GAMBORG’S 
basal medium [10] (B5) supplemented with 2-8 mg/l NAA and 0.2-1.0 mg/l kinetin was 
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reported (KALYNYAK & al. [11]). Callus induction and fast growth of A. montana callus 
was investigated by PETRINA & MASNUK [12]. The role of 2,4-D at low concentrations on 
induction and growth of callus in A. montana was clearly emphasized (MALARZ & al. [5]). 
Indirect organogenesis is a complex process and investigations are missing in A. montana 
because it is very difficult. To assess the morphogenic potential of the explants it is necessary to 
examine a large number of combinations of auxins and cytokinins in different concentrations.  

The aim of this study was to develop an effective protocol to induce shoot regeneration 
via indirect organogenesis using leaf and petiole explants and evaluation of different factors like 
plant growth regulators and other physical parameters essential for plant regeneration. 

 
Materials and methods  

 
Initial plant material. А. montana seeds were collected in the Carpathian Mountains, 

Ukraine and were kindly provided by the Institute of biodiversity and ecosystem research, 
Bulgarian Academy of Sciences, Sofia.  Sterilization of the mature seeds was described by 
PETROVA & al. [13]. Three-month old in vitro micropropagated A. montana plants were 
used. For initiation of callus culture, young leaves (0.5 x 1.0 cm) and petioles (0.6 cm) were 
used as explant material. Under a laminar flow hood, an autoclaved paper was used to cut out 
leaf discs of uniform size and shape and petiole segments of equal size.  

Composition of nutrient media for callus induction. The medium used for callus 
culture was MURASHIGE & SKOOG [14] medium (MS) with vitamins, containing 1 g/l 
casein hydrolysate, sucrose (3%) and agar (0.6%). The initiated explants (petiole segments 
and leaf sections) were placed in Petri dishes, containing MS medium with 2,4-D or IAA (0.1 
mg/l) to evaluate the effects of the auxins on callus induction. Twenty explants per nutrient 
medium were utilized. To determine the optimum nutrient media for callus formation several 
parameters were measured: percentage of induced calli, consistency, color and structure of the 
tissue after 4 weeks of culture. 

Composition of nutrient media for indirect organogenesis. After callus induction from 
the explants, the calli were transferred into fresh medium supplemented with 0.1 mg/l 2,4-D 
or IAA in combination with 0.5 mg/l BA for further proliferation. After culturing for 4 weeks, 
calli were again transferred to MS media, where BA was increased to 1.0 mg/l in the same 
combinations for two passages (each for 4 weeks). After each period of incubation the shoot 
induction frequency was estimated. The data on average number of shoots and length of 
shoots were collected and analyzed, too. Data was presented as means ± standard deviations 
(Table 1). The experiments were carried out in two replications. The shoots were separated 
from callus cultures and transferred to multiplication medium. 

Multiplication of regenerated shoots. For induction of multiple shoots, four types of 
cytokinins: BA, kinetin (Kn), Zeatin (Z) and 2-iP at concentration 1 mg/l in combination of 
low level of auxin IAA (0.1 mg/l) were tested. The shoots of 0.5 – 1.0 cm from leaf derived 
callus were cultured on MS medium at variety combinations of the plant growth regulators 
(Table 2). The emergence of shoots from the base of the regenerated plant was taken into 
consideration for calculating the multiplication frequencies. The average number of shoots 
induced per explant and the mean length of shoot was recorded after 4 weeks of culture.  

Root formation and acclimatization of regenerated plants. The auxin IBA at two 
concentrations (0.5 and 1 mg/l) was used to study its effect on root induction. Micropropagated 
plantlets (1.5 - 2 cm) were transferred to all the media. The number of shoots that formed roots, 
the number of root per explant and root length were recorded after four weeks. Regenerated 
plants having well developed roots were removed from culture vessels and washed free of agar. 
They were transferred to small pots containing peat, perlite and coco 2:1:1 (v/v/v). After an 
adaptation period (6 weeks), the acclimatized plantlets were transferred to the greenhouse. 
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 Culture conditions. All media were adjusted to pH 5.6 with 1N NaOH before 
autoclaving. The nutrient media were sterilized and autoclaved at 120 ºC for 20 min at 1atm. 
Callus tissues were initiated at dim light conditions. The shoot cultures were maintained in 
growth room at 22 ± 2 °C, 16h photoperiod under fluorescent lights at 40 µM m-2 s-1 light 
intensity and 70% humidity. The pots with plants were placed under transparent boxes at 
24±1 °C temperature and 90% relative humidity.  

 Data analysis. Data analysis was performed using Sigma Stat computer package 
(Sigma Stat 3.1, Systat Software, San Jose, California, USA). 

 
Results and Discussions 
 
         Callus development. The induction of undifferentiated cells begins with a small section 
of plant tissue that is manipulated using plant growth regulators to formation of calli. Callus 
tissue from leaves and petioles was obtained at dim light conditions. Callus induction became 
visible on the surface of the explants and on the wounded edges after 21 days. The amount of 
the obtained callus from petiole segments was significantly less than that from leaf explants. 
It was expected that the concentration of studied auxins (2,4-D and IAA) stimulated callus 
initiation and growth. There were significant differences in callus formation depending on the 
type of auxin. Auxin 2,4-D in concentration 0.1 mg/l induced de-differentiation of cells in 
callus tissues. The highest percentage of callus induction (90%) was observed in all surfaces 
of leaf explants (Table 1, Figure 1a). The calli were pale-yellow and friable in nature. This is 
in conformity with the data of MALARZ & al. [5], who found that 2,4-D alone in MS 
medium could produce callus tissue.  However, this is contrast to KALYNYAK & al. [11] 
who reported that B5 medium supplemented with 6 mg/l NAA and 0.2 mg/l kinetin induced 
callus culture from leaf segments. This difference can be caused by many factors. MALARZ 
& al. [5] used MS medium, which had a different composition than B5 and thus different 
levels of minerals/nutrients. In our study 2,4-D was more effective than IAA for callus 
formation. The effect of IAA on callus induction was poor and low percentage of callus 
formation (40%) in MS5 medium was recorded. The calli were spongy pale yellow (Table 1).  

Induction of indirect shoot organogenesis. The regeneration capacity through indirect 
shoot organogenesis from leaf- and petiole-derived callus was tested either. Shoots number 
per explant was influenced strongly by culture medium and application of growth regulators. 
In our protocol 2,4-D in combination with BA and casein hydrolysate induced organogenic 
callus only from leaf explants. The presence of 2,4-D (0.1 mg/l), BA (0.5 mg/l) and casein 
hydrolysate (1 g/l) promoted this process in A. montana. The hormonal supplement was 
selected because it was optimum for callus formation among many tested combination (the 
data not shown). The callus was pale-cream in color with grainy structure (Figure 1b). 
Table 1. Effect of plant growth regulators on callus and shoot induction from leaf explants of A. montana 

Plant growth 
regulators, mg/l 

Media 
 

2,4-D IAA BA 

Passages 
 

Callus 
induction   

% 

Nature 
of callus 

Shoot  
regeneration 

% 

No shoots/ 
callus 
x ± SE 

MS1 0.1 - - I 90 FPY non - 
MS2 0.1 - 0.5 II - GPC non - 
MS3 

 
0.1 - 1.0 III - GDC with 

roots 
30 0.86±0.11 

MS4 0.1 - 1.0 IV - GDC 50 2.12±0.27 
MS5 - 0.1 - I 40 SPY non - 
MS6 - 0.1 0.5 II - SDC non - 
MS7 - 0.1 1.0 III - SDC non - 

Note: Friable pale-yellow (FPY); Grainy pale-cream (GPC); Grainy dark-cream (GDC);  
Spongy pale-yellow (SPY); Spongy dark-cream (SDC) 
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When leaf-derived callus was cultured in MS3 medium, supplemented with 1.0 mg/l BA and 
0.1 mg/l 2,4-D, shoot differentiation was observed. The appearance of green areas of the 
callus was a signal to initiate the process of shoot regeneration. After four weeks in this 
medium, the leaf-derived callus began to produce shoot primordia, which developed into 
adventitious shoots. Indirect shoots organogenesis was achieved with a low frequency of 
shoots (30% and 50% in second and third passages, respectively). The number of shoots was 
0.86 per callus and in addition, the callus began to produce long roots (Figure 1c). When the 
callus was transferred onto the same medium, the number of generating shoots increased 
(2.12 shoots/callus). They had fully developed leaves and converted to vigor plants (Table 1; 
Figure 1d). Regenerants obtained from leaf-derived callus were with normal phenotype. In the 
combination of BA and IAA, the callus did not regenerate into shoots (Table 1). The 
estimated concentrations of growth regulators and their combinations stimulated cell division 
in the tissues, the growth of shoots and emergence of first leaves. Healthy plants from leaf-
derived callus were obtained for the period of regeneration and they were ready for further in 
vitro cultivation. Initial results indicated that BA supported the process of indirect 
organogenesis. Our result showed that high level of BA (1 mg/l) and lower concentration of 
2,4-D (0.1 mg/l) in MS medium were required for shoot induction. More experiments are 
needed to further optimize production of shoots in A. montana callus culture. 

                                  
Figure 1. Callus induction and plant regeneration from leaf explants of A. montana: a) callus formation on MS 
medium supplemented with 0.1 mg/l 2,4-D; b) growth of callus on MS medium containing 0.5 mg/l BA and 0.1 
mg/l 2,4-D; c) and d) shoot regeneration on MS medium supplemented with 1 mg/l BA and 0.1 mg/l 2,4-D. 
 

 Multiplication of the regenerated shoots. Since the frequency of shoot regeneration via 
callus culture was very low, the regenerated A. montana plantlets were multiplicated on 
different MS media supplemented with four types of cytokinines in combination with 0.1 mg/l 
IAA (Table 2). 
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Table 2. Effect of different plant growth regulators on induction of multiple shoots of A. montana regenerated 
plants. 

 

Plant growth regulators (mg/l) 

BA Kn Z 2-iP IAA 

Frequency 
of shoot 

formation  
% 

No. of 
shoots/explant

x ± SE  

Shoot length 
(cm) 

x ± SE 

1    0.1 100 16.31±0.90 1.86±0.13 
 1   0.1 100 6.95±0.74 2.40±0.16 
  1  0.1 100 8.21±0.81 2.39±0.11 
   1 0.1 100 2.73±0.25 3.52±0.24 

 
 Multiple shoots were induced at a high frequency (100%) in all tested combinations, 

however varying in the number of shoot per explant and average length of shoots was 
observed. Incorporation of IAA at low concentration in the BA supplemented medium 
improved the response up to 100% with more than 16 shoots per explant, but decreased 
average shoot height. It can be due to the effect of BA on induction gave more shoots but 
resulted in low shoot height (1.86 cm) (Figure 2a). For micropropagation, the media, where 
Kn and Z were combined with 0.1 mg/l IAA proved to be favorable. The maximum average 
height of shoots (3.52 cm) was observed in MS medium supplemented with 2-iP and IAA, but 
the number of shoots was lower (Table 2). Our results showed that the frequency of in vitro 
propagation of regenerated shoots from callus cultures was higher than shoot multiplication 
obtained during clonal propagation of A. montana (PETROVA & al. [15]). The developed 
protocol could be used as an alternative for the multiplication of selected valuable clones of 
this important medicinal species. 

 

 
 

Figure 2. Cultivation of regenerated plants of A. montana: a) In vitro multiplicated plants on MS medium 
supplemented with 1 mg/l BA and 0.1 mg/l IAA; b) In vitro rooted plants; c) In vivo acclimatized plants 

 
 In vitro rooting and in vivo acclimatization. For rooting, isolated shoots were 

transferred to different medium supplemented with various concentrations of IBA. Root 
induction was fast in all IBA concentrations and root primordia were observed in 12-14 days. 
The optimal medium for rooting was ½ MS containing 0.5 mg/l IBA, on which 100% of the 
shoots developed roots with an average number of 3-5 roots per shoot (Figure 2b). Roots 
induced by 1 mg/l IBA were thinner and shorter, without branches. Thus, the survival rate of 
transplanted plantlets was lower. The 2:1:1 ratio of peat, perlite and coco was found optimum 
for the hardening of the plants (the survival rate of 90%). We have observed no phenotypic 
variations in the regenerated acclimatized plants (Figure 2c). An average of 60% of the 
acclimatized plantlets survived after transferring into the green house. All the in vitro 
regenerated plants derived from callus culture displayed normal development when they 
reached flowing stage.  
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Conclusion  

 
 A procedure of A. montana micropropagation via indirect organogenesis and a 

successful adaptation of plants to greenhouse conditions was developed. 2,4-D being more 
effective for callus induction than IAA. Plant regeneration via indirect shoot organogenesis 
was achieved from the leaf-derived callus on MS medium supplemented with 1 mg/l BAP and 
0.1 mg/l 2,4-D. Leaf segments were more responsive than petiole cuttings. High rate of 
multiplication (100%), maximum shoot proliferation (16.31 shoots per explants) and shoot 
growth (average height 1.86 cm) was observed on MS medium supplemented with 1 mg/l BA 
and 0.1 mg/l IAA. The optimal medium for rooting was ½ MS containing 0.5 mg/l IBA. The 
plants were successfully in vivo acclimatized. This in vitro regeneration system can be used 
for effective screening and propagation of elite clones of A. montana. 
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