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Abstract 

Saussurea lappa is a medicinal plant, which is used against a lot of diseases. Due to over 

exploitation for commercial and medicinal purposes, this plant is now endangered. Current study 

was carried out to develop a protocol for micropropagation and to determine morphogenic 

potential of different explants for callus induction of S. lappa, with the objective to develop plants 

in short time and large number. The explants were properly sterilized with 0.1% mercuric chloride 

for 1, 2 and 3 minutes. Maximum sterilization was observed with 3 minutes but decreased explants 

survival. However, 85% explants survived with 1-minute treatment. Benzyl amino purine and 

indolebutyric acid at 1.0 mg L1 concentration produced 90% shoots and 93.66% roots 

respectively. Among the different explants, seedling and root explants were found more efficient 

in callus induction compared to other explants. Callus initiation occurred after 3 days of culturing 

of shoot and seedling followed by petiole (6 days) whereas lamina explants took 15-20 days. After 

7 subsequent subcultures, the highest relative growth rate of 0.141 week-1 of callus was noted in 

seedling explants followed by root 0.098 week-1 and petiole 0.082 week-1 whereas lamina showed 

significantly low relative growth rate of 0.016 week-1. Tissue culture technique should be used for 

conservation of endangered medicinal plants such as Saussurea lappa. 

Keywords: Callus induction; Explants; Micropropagation; Relative growth rate; Saussurea 

lappa; Sterilization

Introduction 

Herbal drugs have been designed as 

medicines for the management of wide range 

of diseases since ancient times. Ancient 

written records of many civilizations 

including Egyptian, Roman and Chinese give 
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strong evidence about the use of medicinal 

plants. In world health, medicinal floras have 

played a key role. Besides the immense 

developments observed in current medication 

in the modern era, plant foliage still 

contributes significantly to health care. Over 

human history, curiosity in medicines derived 

from higher plants has increased 

expressively, particularly in the 

phytotherapeutic ones [1].  

Saussurea genus belongs to asteraceae 

family. The family has 300 species globally 

in which approximately 61 species exist in 

India [2]. In this genus, S. lappa is one of the 

well-known species. S. lappa roots and oils 

are used as an important drug. The over 

exploitation of S. lappa for diverse 

commercial and medicinal purposes greatly 

reduces the plant availability in its natural or 

wild habitat. This critically endangered 

medicinal plant (S. lappa) is enlisted in 

endangered species of plants. S. lappa is one 

of the endangered plants out of 37 therapeutic 

plants of Himalayan region [3]. 

The in vitro direct production of plants from 

any explants, called micropropagation, is a 

well-organized technique which produces 

consistent, healthy, genetically stable, 

pesticides and disease-free seeds and plants 

throughout the year. Micropropagation has 

advantage over common conventional 

methods of propagation due to high rate of 

multiplication. Majority of the plants 

growing through seeds are greatly 

heterozygous and illustrate high variation in 

yield, growth, and habit. These may have to 

be discarded due to poor quality of products 

for their commercial release. Similarly, many 

plants are not amenable to propagate 

vegetative by means of cutting and grafting. 

Furthermore, majority of plants propagated 

by vegetative means have systemic bacteria, 

viruses and fungi [4]. Such techniques are 

usually used for plants which cannot be 

grown easily by conventional methods or 

used for conservation purposes of rare, 

unique and endangered medicinal plants [5, 

6]. 

Medicinal plants which are propagated 

through tissue culture are genetically pure 

elite. Tissue culture techniques are essential 

for conservation of rare, threatened and 

endangered medicinal plants species within 

short time and limited space. The plants 

produced through such method are 

independent of soil and climatic conditions. 

Efforts have been devoted for in vitro mass 

multiplication of medicinally important 

endangered herbs [7]. The main objective of 

the current study is to determine the most 

suitable explants for callus induction and 

conserve genetically pure plants of S. lappa 

through tissue culture techniques. 

Materials and methods 

Surface sterilization 

Explants were excised from young seedling 

plants.  Mercuric chloride solution of 1% was 

prepared using distilled water. Explants were 

treated for 1, 2 and 3 minutes in three 

different experiments. After each treatment, 

the explants were washed 5 times with 

sterilized distilled water [8]. 

Shoot multiplication and elongation 

Sterilized apical shoots from seedlings were 

excised aseptically and inoculated on MS full 

strength medium fortified with benzyl amino 

purine (BAP) at three different 

concentrations i.e., 0.20, 0.50 and 1.0 mg L-1 

for shoot multiplication and elongation. 

However, control was kept without addition 

of BAP i.e., at 0 mg L-1. The pH of the 

medium was adjusted at 5.8 and solidified 

with 6 g of Agar gel [9]. Three different 

experiments with three different 

concentrations were conducted for shoot 

multiplication and elongation. 

Root induction from regenerated shoots 

The shoots after two weeks were transferred 

to rooting medium. The MS medium with pH 

5.8 was supplemented with indole butyric 

acid (IBA) at three different concentrations 
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i.e., 0.2, 0.5and 1.0 mg L1 for root induction 

and elongation [10]. 

 

Maintaining inoculated explants 

The cultured test tubes were maintained in 

growth chamber at a regular cycle of 16 hours 

photoperiod of white cool fluorescent light 

and 8 hours dark at 25 ± 2°C. For each 

treatment, three replicates were used. 

Observations were recorded for the 

percentage of explants producing shoots, 

roots, average number of shoots and roots per 

explants or per shoot, average number of root 

and shoot length after two weeks of 

inoculation [11]. 

Growth measurements 

The plantlet shoot length and root length 

were measured in centimeters (cm) according 

to Mikuła and Rybczyński [12] after 15 days 

of culturing. 

Acclimatization of micro-propagated 

plantlets 

Well rooted micro-propagated plantlets were 

detached from the test tubes and thoroughly 

washed under running tap water for 1-2 hours 

to remove all medium and agar traces 

attached to the roots. These plantlets were 

transferred to plastic pots containing 

autoclaved soil and compost at equal ratio 

(1:1). The pots were covered with transparent 

polythene bags to prevent evaporation and to 

facilitate light penetration. The pots were 

then acclimatized in the growth chamber at 

25±2°C temperature for three weeks. The 

pots were watered with distilled water at 6 

days intervals. These bags were removed 

after three weeks and the plantlets were 

established successfully in field 

conditions[11]. 

Inoculation of different explants for callus 

induction 

The root, petiole and lamina were excised 

from sterilized 15-20 days old micro-

propagated plant and 3 days old seedling 

were used as explants. The explants were 

picked up with the help of sterilized forceps 

and inoculated in 100 mL flasks containing 

MS medium fortified with 2.4-D+ Kinetin 

(Kin) at concentrations of 1 mg L1 + 0.25 mg 

L1. Medium without growth regulators was 

used as control for callus induction. Single 

explant was inoculated per flask. In order to 

get maximum sterilization, forceps were kept 

in ethanol and then burned with flame after 

every inoculation. The whole process of 

inoculation was carried out in closed 

proximity to the flame to diminish the chance 

of contamination. The cultured flasks were 

sealed tightly with aluminum foil and 

parafilm and labeled after inoculation. 

Afterwards the 100 mL flasks were placed in 

growth room, where the cultured flasks were 

kept under dark conditions. The flasks were 

monitored for contamination. Callus 

initiation of S. lappa seeds was observed 

daily. The effect of sterilization was observed 

as percentage of contamination free flasks 

containing medium and the days of callus 

induction were noted [12]. 

Relative growth rate  

Callus was harvested after several subsequent 

sub-cultures. For the determination of the 

callus Relative Growth Rate (RGR), the 

method of Shah et al. [11] was used. Callus 

initial fresh weight and final fresh weight 

were recorded. The callus growth was 

expressed as relative growth rate week-1 using 

equation (A) as given below: 

RGR = In (final weight of callus) – In (initial 

weight) ÷ 2 week-1… (A) 

Results 

Surface sterilization 

The data presented in (Table 1) indicate the 

percentage of S. lappa shoot sterilization 

after treatment with 0.1% aqueous HgCl2 

solution for three different time periods. The 

data indicate that with increase in time, 

sterilization percentage increased but the 

chance of shoots survival decreased. 

Maximum sterilization percentage (92%) was 

recorded with HgCl2 used for 3 minutes 

followed by 2 minutes (80%) while minimum 
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sterilization percentage (65%) was found 

with 1-minute treatment. However, apical 

shoot explants survival chance was greater 

(85%) with 1-minute treatment followed by 2 

minutes (30%) while 95% explants burned  

when treated for 3 minutes; only 5% plants 

survived. 

 

Table 1. Sterilization of Saussurea lappa shoot explants by 0.1% HgCl2 solution  

Time (min) Sterilization (%) % survival of plants 

1 65 85 

2 80 30 

3 92 5 

 

Micropropagation 

Shoot organogenesis 

The data regarding micropropagation and 

multiplication are presented in (Table 2). The 

apical shoot explants sterilized with 0.1% 

mercuric chloride for 1 minute responded 

better in terms of multiple shoot proliferation. 

These explants showed direct organogenesis 

when cultured on MS medium using different 

concentrations of BAP i.e., 0.2, 0.5, and 1.0 

mg L1 for shoot proliferation. BAP at 1.0 mg 

L1 concentration showed maximum shoot 

induction than 0.50 and 0.20 mg L1 

concentrations. At this concentration, 100% 

explants responded and the number of shoots 

(5.0±0.57) and length of shoot per explant 

(2.9±0.25cm) were recorded. In comparison, 

90% shoots were produced in medium 

supplemented with 0.50 mg L1 BAP and the 

number of shoots and length of shoot per 

explants were recorded as 2.66±0.33 and 

3.8±0.11 cm respectively (Table 2). 

However, 0.20 mg L1 concentration of BAP 

showed poor results. At this concentration, 

56.0 ± 5.2% explants produced shoots, 

number of shoots per explants were 

1.33±0.57 and shoot length was 1.66±0.57 

cm. The best outcome was achieved 

using 1.0 mg L1 BAP in terms of shoot 

production and number of shoots compared 

to 0.20 and 0.50 mg L1. However, the shoot 

length was highest at 0.50 mg L1 

concentration. The explants were sub-

cultured after every 15 days of 

inoculation. In the control medium no shoot 

multiplication was observed. 

Table 2. Effect of different concentrations of BAP on shoot organogenesis from explants  

BAP (mg L-1) 
Explants producing 

shoots (%) 

No. of shoots per 

explants 
Shoot length (cm) 

0.2 56.0 ± 5.2 1.33 ± 0.57 1.66 ± 0.57 

0.5 90.66 ± 0.66 2.66 ± 0.33 3.8 ± 0.11 

1.0 100 ± 0 5.0 ± 0.57 2.9 ± 0.25 

The data are mean of three replicates ± SE 
Root organogenesis 

In order to induce roots, the individual in 

vitro grown shoots were transferred to full 

strength MS media fortified with different 

concentrations of indole butyric acid (IBA) 

i.e., 0.2, 0.5 and 1.0 mg L1. Without growth 

regulators, no root induction was observed. 

The concentrations of the plant growth 

regulators used individually in these 

experiments induced rooting and the data are 

presented in (Table 3). In 0.5 mg L1 IBA, 

93.66±0.66% roots were produced while 

100% shoots produced roots in the medium 

supplemented with 1.0 mg L1 IBA. 
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Maximum number (6.4 ± 0.18) and the 

longest (6.56±0.06 cm) roots were obtained 

with 1.0 mg L1 concentration within two 

weeks of inoculation while in 0.5 mg L1 IBA 

supplemented medium, the corresponding 

values were 3.73±0.12 and 5.58±0.06 cm. 

However, 0.20 mg L1 concentration showed 

poor results. At this concentration, 46.66 ± 

15.2% explants produced roots, roots per 

explant were 1.33±0.56 and root length was 

1.23±0.20 cm. The plantlets in pots were kept 

covered by transparent polythene bags for 

hardening outside the growth chamber. After 

seven days, the bags were completely 

removed and 80% of the transplanted plants 

survived. Initially, the growth performance 

was slow after transplantation; afterward it 

improved gradually, and two weeks later new 

leaves began to emerge from the plants. 

Table 3. Effect of different concentrations of IBA on root organogenesis of explants  

IBA (mg L-1) 
Explants producing 

roots (%) 

No. of roots per 

explant 
Root length (cm) 

0.2 46.66 ± 15.2 1.3 ± 0.56 1.23 ± 0.20 

0.5 93.66 ± 0.66 3.73 ± 0.12 5.58 ± 0.06 

1.0 100 ± 0 6.4 ± 0.18 6.56 ± 0.06 

The data are mean of three replicates ± SE 

Callus induction from different parts of 

explants 

Changes occurred in explants after culturing 

as they became swollen and got thick. Callus 

initiation occurred in seedling explants, root 

explants and petiole explants after 3, 4 and 5 

days of culturing, respectively whereas 

lamina took 15-18 days to initiate callus 

(Figure 1). The callus observed was soft, 

compact, globular and light green in case of 

petiole and root explants while white in 

seedling and lamina explants. After several 

subsequent subcultures, all explants derived 

calli were found white in color. 

The highest RGR of 0.141 week1 of callus 

was noted in seedling explants followed by 

root (0.098 week1) and petiole (0.082 

week1) whereas lamina showed significantly 

low RGR of 0.016 week1 (Figure 2). 

Calli cultures were taken in triplicate for each 

experiment.  

 

T re a tm e n ts

D
ay

s 
o

f 
ca

llu
s 

in
it

ia
ti

o
n

S e e d lin
g

R
o o t

P e t io
le

L a m
in

a
0

5

1 0

1 5

2 0

2 5

 

http://dx.doi.org/10.19045/bspab.2018.700220


  Nisa et al. 

590 

Figure 1. Number of days to initiate callus in different explants. Results are the means of 

three replicates ± SD 
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Figure 2. Relative Growth Rate (RGR) of different explants. Results are the means of three 

replicates ± SD 

 

Discussion 

Apical shoots of S. lappa used as explants 

were found best for multiple shoot 

proliferation. Similar results have been 

reported in many other medicinal plants; 

apical shoot and nodes explants are 

frequently preferred for commercial 

micropropagation purposes due to their high 

potential of cell division [13]. BAP at 1mg 

L1concentration exhibited best 

response in respect of apical shoot 

production and multiplication compared to 

0.2 and 0.5mg L1 concentration. IBA at 1mg 

L1 concentration was found best in induction 

of rooting, number of roots and root length. 

Both the growth regulators BAP and IBA did 

not exhibit any adverse effects on the growth 

and development of the plant body. It is 

reported that auxin and cytokinin when used 

in proper concentrations stimulate root, shoot 

production and development. Similar reports 

have been published in other medicinal plants 

[14-16]. 

Regarding the morphogenic potential of 

different explants (seedling, lamina, petiole 

and root), S. lappa initiated callus production 

at the cut edges and covered the entire surface 

of explants after several subsequent 

subcultures. All the explants responded 

differently, significantly from each other, 

when cultured on same MS media 

supplemented with similar combination of 

growth regulators. In-vitro study shows that 

growth regulators induce callus formation by 

stimulating cell division, cell growth and 

DNA replication. The signaling networks of 

hormones influence the parameters of cell 

cycle and establish functional links between 

the cell cycle regulatory mechanisms and 

genes involved in formation of callus. 

Among various explants, seedling and root of 

seedling were found most efficient in callus 

induction. Our results show agreement with 

the previous findings [17-20]. Calli produced 

were very soft, compact, globular and light 

green in case of petiole and root explants 

while white from lamina explants at the 

beginning of the culture period and after 

several subcultures all calli turned whitish in 
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color. These results show similarity  with 

some other reports [21-23]. 
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