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ABSTRACT 

 

Levisticum officinale Koch is an important medicinal plant distributed in mountainous areas of South East 

of Iran, Hezar Mountains, wildly. For optimizing callus induction, root, leaf or petiole explants cultured 

on Murashige and Skoog (MS) media were supplemented with different concentrations of auxins 

including; 2,4-dichlorophenoxy acetic acid (2,4-D), Picloram,  α-napthalene acetic acid (NAA) and 

indole-butyric acid (IBA) separately. The rate of callus induction varied with regard to explant type and 

plant growth regulator. For root and petiole explants, the best response was observed on MS medium 

supplemented with 2,4-D. In addition, protocorm like bodies (PLBs) were observed on upper parts of 

leaf-derived callus. The maximum PLBs induction response was obtained on leaf-derived callus cultured 

on MS medium enriched with 1.0 mg/l NAA. Morphological observations showed that root-derived calli 

were friable and had whitish appearance but leaf-derived calli showed globular morphology and had 

initially yellowish appearance which turned to whitish. The callus induction protocol developed in this 

study provides a fundamental investigation of regeneration and bioactive constituents from the L. 

officinale. 
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1. INTRODUCTION 

 

Medicinal plants played an important role in the treatment of diseases and health disorders for 

thousands of years and still are important in traditional medicine systems around the world. These plants 

are considered as rich sources of ingredients which can be used in synthesis and development of drugs. 

Moreover, some medicinal plants are considered as an important source of nutrition and recommended for 

their therapeutic values. 

The herbs which belong to Apiaceae (Umblliferae) have very important roles in medical, 

pharmaceutical and chemical industries. In fact, Apiaceae is one of the well-known families among 

flowering plants because of its worth properties [1]. Levisticum officinale Koch (Lovage) is an important 

perennial herb belongingto this family. The herb is the native of Mediterranean region and is believed to 

have originated from Iran and Afghanistan. The Lovage population found in a small area in heights of 

Hezar Mountains, ranging from 3000 to 3400 meters from sea level [2]. All parts of the plant are aromatic 

and exhibit diverse medicinal properties. The roots and leaves have been used in herbal medicine as well 

as pharmaceutical, cosmetic, diuretic, anti-culinary, anti-spasmodic, anti-rheumatism [3] and food 

industries in many countries for a long time. According to Amri(2014), this species has been attributed 

with anticancer activity [4]. It is used to treat migraine headache and acts as antiseptic and antibacterial 

agent [5]. The essential oil composition of the plant has antioxidant, anti-inflammatory and anti-tumor 

activity [6-8]. The published results revealed that major volatile constituents obtained from L. officinaleare 

γ- terpinene, β-phellandrene, β-ocimene, α-terpineol, α-terpinyl acetate, β myrcene and ligustilide[9-10] 

Such factors as low seed germination power, the early seed harvesting before maturity stage and 

over exploitation from natural population caused this species to become endangered. Thus, it seems that 

an immediate targeted conservation program is necessary for this valuable plant species [11]. 

Biotechnology plays an important role in rapid multiplication, gene conservation and survival of 

endangered and endemic plants. Among the various biotechnological approaches, plant tissue culture is 

the basic process whereby small pieces of plant tissues areisolated from the organism and grown 

aseptically for indefinite periods on a nutrient medium to regenerate new plantlets. Plant regeneration via 

callus–which is defined as a mass of undifferentiated loosely, arranged parenchymatous cells–due to 

rapidly dividing conditions and high plantlet induction has showntohave more efficiency [12]. Auxins play 
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an important role in DNA methylation and are necessary for the reprogramming of differentiated cells and 

starting cell division [11].  

Therefore, auxins are widely used in plant tissue culture. They are capable to promote cell division, 

callus induction and callus growth. The effect of auxins on callus induction depends on many factors such 

as the sensitivity of the plant tissue to special auxin and interaction between exogenous and natural 

endogenous auxins [13]. Commonly used synthetic auxins in tissue culture are 2, 4-D and NAA, among 

others, Dicamba and Picloram. IBA, and IAA are also used for callus induction or for rooting of 

regenerated shoots in plant tissue culture system [14]. In vitro response of cells, tissues and organs to 

exogenous auxins varies with type of explant and endogenous phytohormone. It seems that the medium 

requirements of tissue culture system are unique and the effects of different concentrations of any 

hormones must be optimized for each case individually. Despite medicinal importance of Levisticum 

officinale, there are very few reports on its in vitro multiplication. Suspension cell culture of this species 

was studied in order to produce compounds useful in medicine and/or flavor [15]. Somatic embryogenesis 

of L. officinale has been previously reported from leaf and stem callus cultures [16], but there is no 

systematic study on this plant by using different explants and in vitro plant regeneration. From medicinal 

point of view, the importance of this plant and exploitation will lead to a decrease in size of wild 

population. Therefore, the current study aimed to explore the possibilities of callus induction employing 

tissue culture technique by using different explants and plant growth regulators. 

 

2. MATERIALS AND METHODS 

 

Seed collection and surface sterilization 
The mature seeds were collected from natural habitat in South East of Iran, Hezar Mountain, 

between 3200 – 3400 m altitudes. The seeds were washed thoroughly under running tap water for two 

hours to remove the traces of dust. They were transferred to laminar air flow (BSC-126 ) and then were 

surface sterilized in 70% (v/v) ethanol for 1 min, subsequently seeds were double sterile in 2% (w/v) 

sodium hypochlorite for 10 min. Finally, the seeds were washed with sterile distilled water for three times 

(30 minutes). After sterilization, the seeds were transferred to proper medium for seedling growth. 

 

Seedling growth and culture medium 

Murashige and Skoog,s (MS) medium was used as basal medium throughout the experiment. MS [17] 

medium included the macro and micro elements and B5 vitamins [18]. The amounts of 30 grams sucrose 

were added to medium for carbohydrate source.  The acidity of medium adjusted to 5.8 by 0.1 Mol. 

NaOH. The amounts of 8 grams of agar were used for solidification. Then, the medium was homogenized 

and 30 ml medium poured onto tissue culture bottles. The bottles were transferred to autoclave for 15 

minutes and the media were sterile at 121°C under 15 atmospheric pressure. The bottles were sterile with 

media and were ready to use after three days. 

 

In vitro seed germination 
Ten surface sterilized seeds were cultured on medium aseptically. Then the bottles were transferred 

in refrigerator for 30 days at 4°C in the dark to stimulate germinating. After cold stratification, the seeds 

were incubated in culture room at 25 ± 2°C under 16-hour photoperiod for four weeks.Different explants 

including root, leaf and petiole were excised from 4-week-old in vitro seedling. The explants were 

inoculated on sterile Petri dishes (7*12 mm) containing 20 ml of MS medium supplemented with 

concentrations 0.2, 0.5, 1 and 2 mg/l of NAA, 2,4-D, IBA and picloram.  All applied plant growth 

regulators were made by Duchefa factory. The growth room conditions maintained 25 ± 2 °C and 60% - 

70% relative humidity, and the light intensity was 3000 lux with a photoperiod of 16 h light and 8h dark.  

After four weeks, the produced callus was sub cultured in the same media. Visual observations were 

recorded every 3 days. After 40 days the number of explants producing callus and percentage of callus 

production from each replication were counted. The percentage of callus induction was calculated by 

dividing the number of explants which produced callus to the total explants cultured in every Petri dish. 

Color and texture of produced callus were recorded. Percentage of callus formation, embryonic was 

determined using the following formula: 

Percentage of callus induction= 
Number of explants forming callus 

Total number of explants 

Statistical analysis 

For callus induction, an experiment has been carried out in a completely randomized design. For 

each treatment, four replicates with 4 explants were carried out.  Data collected in the experiments were 
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analyzed using SAS software version 9.3. The means and the differences within the treatments were 

compared using one-way analysis of variance (ANOVA) and the differences among means were 

compared by Low-range statistical domain (LSD) using T test at P≤0.05. 

 

3. RESULTS 

 

In this study, the effect of different concentrations of auxins on callus induction was investigated. 

Different young explants including: root, leaf and petiole were cultured on MS medium fortified with 

different auxins (2,4-D, NAA, Picloram, and IBA). All the experiments were carried out in 4 replicates 

and the mean values for percentage of callus induction, the degree of callus formation, the callus initiation 

time and the callus morphology were recorded. Results showed that MS medium without any auxins 

(control) failed to induce callus even after 40 days. The results indicate that plant growth regulators are 

required for callus induction. In general, callus induction was observed for all three types of explants, but 

callus formation for leaf explants was less successful. The characters of leaf derived callus were different 

from those calli obtained from root and petiole. 

 

Table1.Callus Induction from root explants of Levisticum officinale on MS medium supplemented 

with different concentrations of auxin (0.2, 0.5, 1.0, 2.0 mg/l). 
Auxin C (mg/l) Callus 

induction 

(%) 

Degree of 

callus 

Callus 

initiation 

time (day) 

CallusMorphology 

Color Compactness 

Picloram 0.2 100a +++ 16b Milky Friable 

0.5 100a +++ 14bcd Milky Friable 

1 100a ++ 13cde Milky Friable 

2 100a +++ 15bc Milky Friable 

2,4-D 

 

0.2 86 b +++ 13cde yellowish Friable 

0.5 100a +++ 12ef yellowish Friable 

1 100a ++++ 11f yellowish Friable 

2 100a ++++ 11f yellowish Friable 

NAA 0.2 86 b +++ 13def Milky Friable 

0.5 46c + 14bcd Milky Friable 

1 25 d + 14bcd Milky Friable 

2 25d ++ 14bcd Milky Friable 

IBA 0.2 - - - - - 

0.5 - - - - - 

1 100a ++ 23 a Pale yellow Friable 

2 - - - - - 

control  - - - - - 

C= concentration, (−) indicates no callus induction, (+) indicates status of callus induction: 

+ = very poor, ++= poor, +++ = good, ++++ = excellent 

 

Induction of callus from root explant 

Roots derived from in vitro grown seedlings were cultured on MS medium supplemented with 

different auxin. Results revealed that all applied auxin could produce callus except IBA, in which among 

all applied different concentrations of IBA the only effective level was 1.0 mg/l (Table1). In addition, 

results showed that the percentage of callus induction varied from 25% to 100% across different 

concentrations of applied auxin. All applied concentrations of picloram resulted in the 100% of 

callogenesis as well as some levels of 2,4-D and 1.0 mg/l IBA. The lowest callus induction percentages 

(25%) observed from those explants grown on MS media supplemented with 1.0 or 2.0 mg/l NAA 

followed by 0.5 mg/l NAA (46%). It was observed that callus induction percentage decreased by 

increasing concentration of NAA, while there was not any relationship between callus induction 

percentage and concentration for other applied auxins. All calli were friable in texture. Application of 

NAA and Picloram changed to milky color callus, while 2,4-D and IBA resulted in yellowish and pale 

yellow calli, respectively (Fig 1). The callus was induced within 11 days when root explants were 

cultured on MS media supplemented with 1.0 or 2.0 mg/l 2,4-D (Table 1). For remaining treatments, 

induction of callus lasted between 12 to 23 days. The maximum period for callus formation was achieved 

for those root explants cultured on MS medium containing 1.0 mg/l IBA.   

 

Induction of callus from petiole explant 

The used petiole explants were obtained from in vitro grown seedlings. The petiole induced callus 

on MS medium containing all applied concentrations of Picloram, 2, 4-D and NAA (0.2, 0.5, 1.0 or 2.0 
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mg/l). Among different concentrations of IBA, only 1.0 and 2.0 mg/l IBA could induce callus formation. 

Results indicated that callus induction values significantly varied among the treatments (Table 2).  

 

Table2. Callus Induction from petiole explants of levisticum officinale in MS basal medium 

supplemented with different concentrations of auxin (0.2, 0.5, 1, 2 mg/L).  
Auxin C (mg/l) Callus 

induction 

(%) 

Degree of 

callus 

Callus 

initiation 

time (day) 

CallusMorphology 

Color Compactness 

Picloram 0.2 93a +++ 21 cd Milky Friable 

0.5 93a +++ 21cd Milky Friable 

1 100a ++ 20cde Milky Friable 

2 100a +++ 21 cd Milky Friable 

2,4-D 

 

0.2 60 ++ 17f Yellowish Friable 

0.5 93a +++ 17f Yellowish Friable 

1 93a ++ 17f Yellowish Friable 

2 66b + 19def Yellowish Friable 

NAA 0.2 20e ++ 23bc Milky Friable 

0.5 40.00d + 19def Milky Friable 

1 25e ++ 19def Milky Friable 

2 20e ++ 26b Milky Friable 

IBA 0.2 - - - - - 

0.5 - - - - - 

1 60bc + 31a Pale yellow Friable 

2 60b + 32a Pale yellow Friable 

control - - - - - - 

C= concentration, (−) indicates no callus induction, (+) indicates status of callus induction: 

+ = very poor, ++ = poor, +++ = good 

 

The results of petiole-derived callus indicated that the rate of callus induction from petiole explant 

was highest when cultured on MS medium containing 1.0 and 2.0 mg/l picloram, which showed 100% of 

callus induction (Table 2). Application of 2.0 mg/l NAA resulted in the minimum values for percentage 

of callus induction (20%). There was a linear relation between applied concentrations of picloram and 

callus induction percentage which means that callus induction percentage increased by increasing 

concentration from 0.2, to 2.0 mg/l. The first signs of swelling and callus formation were observed after 

17 days for those explants growing on MS medium containing 0.5, 1.0 or 2.0 mg/l 2,4-D. Morphology 

and color of induced calli were similar to those responses of root explant (Fig 2).  

 

Induction of callus from leaf explant  

The results showed that the maximum callus from leaf explants was provided on MS medium 

supplemented with 2,4-D. The callus initiation response was 100% on MS medium supplemented with 

2,4-D (0.5, 1.0 and 2.0 mg/l), picloram (1.0 and 2.0 mg/l) and NAA (0.2 mg/l). The maximum degree of 

callus induction was observed on 2.0 mg/l picloram compared to other explants, induction of callus took 

longer time, in which 19 days after leaf inoculation the first callogenesis began on leaf explants and 

browning of explants was common in some cases. Rate of callus growth was slow for leaf explants. All 

calli were yellow greenish and friable (Table3). After 2 - 4 weeks, protocorm like bodies (PLBs) were 

differentiated on upper surface of calli in most media. When explants were cultured on MS supplemented 

with IBA, they did not show any PLB production response. 

 

Table 3.Callus Induction from leaf explants of levisticum officinale in MS basal medium 

supplemented with different concentrations of auxin (0.2, 0.5, 1.0, 2.0 mg/L). 
Auxin C (mg/l) Callus 

induction 

(%) 

Degree of 

callus 

Callus 

initiation 

time (day) 

CallusMorphology PLBs 

(number/e

xplant) 
Color Compactness 

Picloram 0.2 93ab +++ 23b yellow- greenish Friable ++ 

0.5 93ab ++ 20c yellow- greenish Friable ++ 

1 100a +++ 20c yellow- greenish Friable + 

2 100a ++++ 20c yellow- greenish Friable + 

2,4-D 

 

0.2 80c +++ 20c yellow- greenish Friable + 

0.5 100a ++ 19c yellow- greenish Friable + 

1 100a ++++ 19c yellow- greenish Friable +++ 

2 100a +++ 20c yellow- greenish Friable +++ 

NAA 0.2 90ab +++ 20c yellow- greenish Friable ++ 
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0.5 80c ++ 20 c yellow- greenish Friable +++ 

1 80c +++ 20.a yellow- greenish Friable ++++ 

2 20e + 24b yellow- greenish Friable + 

IBA 0.2 - - - - - - 

0.5 - - - - - - 

1 - - - - - - 

2 50d - 30.00a Pale yellow Friable - 

control  -  - - -  

C= concentration, (−) indicates no callus induction, (+) indicates status of callus induction or PLB  

production: += very poor, ++ = poor, +++ = good 
 

 

 

Fig.1. Different callus induction stages from root explant; (a) explant preparation and culture; (b) 

callogenesis initiation; (c) callus after 14 days; (d) callus after 40 days 

 

 

 

Fig. 2.Different callus induction stages from petiole explant; (a) explant preparation and culture; (b) 

callogenesis initiation; (c) callus after 17 days; (d) callus after 40 days 
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Fig. 3. Different callus induction stages from leaf explant; (a) explant preparation and culture; (b) 

callogenesis initiation; (c) callus after 20 days; (d) callus together with PLBs after 40 days 
 

4. DISCUSSION 
 

The present study is the first report that focused on PLB and callus induction from different explants 

of Levisticum officinale using different plant growth regulators. Three types of explants including: root, 

petiole and leaf were evaluated for callus induction potential. Although all 3 types of explants 

successfully produced callus, but in general, root explants could induce callus in shorter time.  These 

results are in agreement with XU (2009), who reported that Red Beet callogenesis is dependent on source 

of explant [19]. According to the results, there was no callus initiation when explants werecultured on free 

MS medium. It means that there is naturally a balance between endogenous callus inducers and 

endogenous callus inhibitors which prevents callogenesis. On the other hand, results indicate that under in 

vitro conditions, exogenous auxins modify the balance of cell division and cell growth to cell division, so 

that auxins at low concentrations (0.2 - 2.0 mg/l) caused more cell division and callus induction. In this 

study, among all applied auxins, regardless of the explant type, the highest callus induction resulted from 

MS medium containing 2,4-D, while media enriched with IBA showed  low response to callus formation. 

Results showed that In L. officinale, IBA relatively failed for callus induction compared to other auxins. It 

means that as any other species, L. officinale requires specific auxin type and concentrations for optimum 

callus induction. Although all explants of Levisticum officinale were able to produce callus, but 

percentage of callus formation varied depending on the source of the explant. According to the results, 

response of petiole and root explants to applied auxins was almost the same. Evaluation of callus 

induction from these explants indicated that maximum callus induction was observed on media 

supplemented with picloram and 2,4-D (93- 100%). The positive effects of picloram on callus induction 

may be related to insufficient amounts of endogenous picloram in lovage explants. 

However, Picloram is a plant growth hormone with auxin-like activity which is effective in cell 

division, callus induction and somatic embryogenesis of a number of species. It is an important callus 

inducer of Hordeum vulgare [20], Acrocomia aculeata [21], prunus incise [22], Dianthus caryophyllus [23]. 

Moreover, our observation showed that 2,4-D at 0.2 mg/l and NAA at 2.0 mg/l showed only 20% of 

callus induction and lower concentrations of NAA, which was 0.2 and 0.5 mg/l, didn't show callus 

induction rate (Table 2).  These results proved that explant and auxin type and also auxin concentration 

influenced callus induction rate.It was found that, apart from auxin used in medium, whole root and 

petiole derived callus showed friable texture (Table 1). Our findings about the effect of 2,4-D, picloram, 

NAA and IBA on induction of friable callus are in accordance with the results obtained by Tao et al on 

Citrus grandis[24],  Minutolo et  al on Aster [25]. 

According to Sakpere (2014), percentage of callus induction, the degree of callus formation and the 

time of callus initiation have to be considered in the selection of the most effective callogenesis auxin [26]. 

Thus, although picloram and 2,4-D influenced the same percentage of callus induction, 2,4-D with earlier 
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initiation of callus which was 11 days and higher degree of callogenesis was more suitable than picloram 

(Table 1). Callus induction from petiole explants showed that the auxins had an influence on petiole similar 

to root explants. The results obtained from root explants indicated that all concentrations of picloram and 

some concentrations of 2,4-D (0.5 and 1.0 mg/l) led to the maximum callus induction without any 

significant difference. Moreover, results showed that the highest degree of callogenesis and the least 

required time for callus initiation (17 days) was observed in medium enriched with 0.5 mg/l 2,4-D (Table 2). 

Our results about effects of explant and plant growth regulators were in accordance with those obtained from 

other Apiaceae species such as Ferula gummosa [27], Kelussia odoratissima [28], Ducrosia anethifolia [29], 

Dorema ammuniacum [30], Eryngium foetidum [31], which indicated callogenesis responses to plant growth 

regulators, especially auxins ,varied depending on the plant species and explant source.  

For leaf explants, observations showed that there was a delay in callogenesis initiation. Swelling of 

explants was observed two weeks after leaf culturing and at the end of the third week, callus formation 

initiated. In all the treatments, color of explants firstly changed to brown and then swelling started. 

Despite root and petiole segments which calli covered the whole surface of the explants (Fig. 1dand 2d), 

in leaf explants, calli were formed from the basal cut ends of explant (Fig.3). The texture and type of 

callus varied depending on the explant. The calli from root explants were whitish pale and friable, while 

petiole and leaf segments were initially whitish, friable and showed low growth and then converted to 

compact. In addition, results showed that the globular-like structures, called protocorm like bodies, 

formed on adaxial surface of the leaf explants. Also, the higher number of PLBs was observed on medium 

1.0 mg/l NAA which was 70 PLBs/explant (Fig.3 d). In general, PLB production was observed in all the 

media except the one containing IBA. These findings are in agreement with those obtained from leaf 

culture of orchids, which showed media supplemented with picloram and NAA were able to induce PLBs 

from leaf explants. The previous study on somatic embryogenesis from leaf explants of levisticum 

officinale showed that application of 2, 4-D as media supplement successfully caused somatic 

embryogenesis [16], but in the above-mentioned study the effect of other auxins was not investigated. 

In conclusion, callus was successfully induced by culturing of different explants on MS medium 

supplemented with different auxins. These findings provide some basic information about callus 

production, which can consequently be used in plant regeneration and secondary metabolite production 

via tissue culture. Among three investigated explants, leaves are the most suitable explant for PLBs 

induction. On the other hand, with regard to the presence of many valuable medicinal compounds in L. 

officinale root, induced calli from root explants may also be used for the purpose of extraction of these 

compounds.  
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