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Abstract Leaf explants of critically endangered medicinal

plant Swertia chirayita were cultured in Murashige and

Skoog medium fortified with various concentrations of 2,4-

Diclorophenoxyacetic acid (2,4-D), 6-Benzylaminopurine

(BAP) and Gibberalic acid (GA3). The best callus induc-

tion was obtained in 2,4-D (15.0 lM) after 60 days of

culture period. After 30 days of first subculture, maximum

32 microshoots were formed in a lump of callus in com-

bination of BAP (10.0 lM) with GA3 (5.0 lM). On the

other hand maximum 25 microshoots were formed from a

lump of callus in BAP (5.0 lM) used alone. The multiple

shoots developed in combination of BAP with GA3 were

found poor/thin in comparison to BAP alone. Therefore,

the further subculture was conducted in BAP (5.0 lM) and

approximately 210 microshoots per lump of callus were

obtained within 3–4 months of culture. Root induction was

observed in all microshoots cultured in various concen-

trations of auxins (Indole-3-butyric acid, IBA and Indole-3-

acetic acid, IAA) after 45 days of culture, however, the

higher mean number of roots (50) per microshoot were

formed in IBA (5.0 lM). After a month, well rooted

plantlets were successfully transplanted and established

(58.70%) in mixture of soil, sand and FYM (2:1:1) under

partially shade (75% agro shade net) condition in nursery at

Pothibasa (2200 m a.s.l.).
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Swertia chirayita is a well-known medicinal plant found

growing in Himalayan region. It is used as herbal medicine

for various health ailments including liver disorder,

malaria, diabetes, skin disease and fever. Owing to the

multiple uses of the species, its market demand in phar-

maceutical industries has been increased considerably. To

fulfil the increasing pharmaceutical demand of the species

in indigenous and world market, regular extensive collec-

tion of the immature as well as mature plants of S. chirayita

from natural habitats is leading day by day to declining

populations of the species that may ultimately raise chan-

ces of its extinction in near future [1]. On the other hand

poor seed germination and lack of natural vegetative

propagation, there is an urgent need to develop reliable and

applicable propagation and conservation measures of the

species. Therefore, the aim of present study was to develop

an efficient in vitro propagation protocol for this valuable

medicinal plant using a leaf as explants.

Mature plants of S. chirayita were collected from the

wild population at Pangarbasa (Mandal, Gopeshwar, Cha-

moli; altitude 2300–2480 m a.s.l., Uttarakhand, India) in

the month of August and established in plastic pots kept in

nursery at High Altitude Plant Physiology Research Centre

(HAPPRC; Fig. 1a, 550 m a.s.l.). The leaf explants col-

lected from the nursery established plants were surface

disinfected using detergent solution (Tween 20, two drop

v/v; 10 min) and washed under running tap water for

15 min. Subsequently, the leaf explants were repeatedly

rinsed in distilled water and then treated with a solution

containing systematic fungicide (Bavistin, 0.1%, w/v;

20 min) followed by sodium hypochlorite (chlorine 5%)

for 5 min and finally rinsed with sterile distilled water

under laminar air flow cabinet. After completing disinfec-

tion process the disinfected leaf explants (1 cm long) were

inoculated in 250 ml Erlenmeyer flasks containing
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Murashige and Skoog (MS) medium with 0.8% (w/v), agar,

3.0% (w/v) sucrose and various concentrations of 2,4-Di-

clorophenoxyacetic acid (2,4-D) and 6-Benzylaminopurine

(BAP). Explants cultured on medium without PGRs served

as control. Each treatment consisted of 24 explants and all

the treatments were repeated twice. Data on callus,

microshoots and root formation were recorded regularly.

For root induction, microshoots (3.0–4.0 cm height with 4

Fig. 1 Different stages of in vitro propagation of S. chirayita.

Nursery established mature plants collected from wild (a), establish-
ment of leaf explants in culture media (b), swelling in leaf explants

after 7 days (c), conversion of leaf explants in green yellow callus

after 60 days (d and e), initiation of microshoots from calli after

15 days (f and g), different stages of shoot development and growth

after 30 days (h and i), root formation in microshoots after 45 days

(j), transfer of rooted microshoots for hardening in mixture of soil,

sand and FYM (2:1:1; k), and well grown plants in nursery/field

condition after 40 days (l)
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or 5 leaflets; Fig. 1j) excised from the bunch of multiple

shoots (Fig. 1i) were cultured on different concentrations

of auxins (Indole-3-butyric acid, IBA and Indole-3-acetic

acid, IAA). The well rooted microshoots were washed for

removal of agar and transferred to thermocol cup con-

taining mixture of soil, sand and Farm Yard Manure (FYM,

2:1:1) and covered with polyethylene bags. The covered

plantlets kept inside greenhouse condition for hardening

and after 15 days the polyethylene cover were removed.

Then the acclimatized plants were shifted to nursery con-

ditions with partial shade (70% agro shade net) because the

natural population of the plants mostly found in shady and

sloppy areas. The data were recorded, compared and least

significant difference was calculated following the pub-

lished methods of Snedecor and Cochran [2].

Surface disinfected leaf explants (Fig. 1b) were inocu-

lated in Murashige and Skoog (MS) medium containing

various concentrations of 2,4-Diclorophenoxyacetic acid

Table 1 Effect of MS medium supplemented with different concentrations of BAP and GA3 on in vitro multiple shoot formation from callus of

S. chirayita

PGRs Concentrations (lM) % Response per callus No. of shoots per callus (mean ± SE) Length of shoots (cm) (mean ± SE)

BAP 3.0 100 5.33 ± 3.21 1.01 ± 0.20

5.0 100 25.00 ± 8.00 3.99 ± 0.33

8.0 100 4 .00 ± 1.00 1.27 ± 0.32

10.0 100 13.33 ± 3.51 1.09 ± 0.76

12.0 100 12.33 ± 2.51 0.77 ± 0.10

14.0 100 9.00 ± 1.00 0.63 ± 0.1

16.0 100 6 .00 ± 1.00 0.29 ± 0.03

BAP ? GA3 3.0 ? 1.0 100 0.56 ± 0.20 2.33 ± 0.57

5.0 ? 3.0 100 0.63 ± 0.15 3.00 ± 1.00

8.0 ? 4.0 100 1.33 ± 0.15 4.33 ± 0.57

10.0 ? 5.0 100 32.66 ± 6.42 6.99 ± 1.20

12.0 ? 7.0 100 1.93 ± 0.05 4.00 ± 1.00

14.0 ? 9.0 100 0.66 0.20 2 .00 ± 1.00

16.0 ? 10.0 100 0.46 ± 0.05 2.00 ± 1.00

Control – 100 1.19 ± 0.26 10 ± 1.00

LSD (P\ 0.05) – – 11.32 2.30

All values are an average of 9 explants (lump of callus). The multiple shoot formation experiment was repeated thrice

Table 2 Effect of MS medium containing different concentrations of auxins (IBA and IAA) on rooting of microshoots of S. chirayita

Auxins Concentrations

(lM)

Rooting

(%)

Length of microshoots used for

rooting (mean ± SE)

No. of roots/micros hoot

(mean ± SE)

Root length (cm)

(mean ± SE)

Root diameter (mm)

(mean ± SE)

IBA 1.0 100 3.16 ± 0.28 26.66 ± 11.54 2.88 ± 0.25 1.08 ± 0.30

3.0 100 4.16 ± 2.08 30.00 ± 17.32 2.76 ± 0.90 0.94 ± 0.19

5.0 100 3.16 ± 1.25 50.00 ± 10.00 2.16 ± 0.76 0.86 ± 0.45

10.0 100 4.66 ± 2.51 41.00 ± 3.60 2.33 ± 0.92 1.41 ± 0.20

15.0 100 4.66 ± 1.52 33.33 ± 5.77 2.58 ± 0.13 1.88 ± 0.66

IAA 1.0 100 4.66 ± 1.52 28.33 ± 10.40 2.34 ± 1.14 0.91 ± 0.20

3.0 100 2.66 ± 0.28 20.66 ± 10.06 1.91 ± 0.89 0.65 ± 0.14

5.0 100 3.33 ± 0.57 22.00 ± 8.00 3.22 ± 1.09 2.66 ± 2.94

10.0 100 4.00 ± 1.00 23.33 ± 4.72 3.52 ± 0.91 2.67 ± 1.64

15.0 100 4.66 ± 1.15 28.00 ± 11.53 3.06 ± 1.59 1.44 ± 0.85

Control – 100 4.66 ± 2.88 23.66 ± 4.16 2.49 ± 0.44 1.01 ± 0.30

LSD (P\ 0.05) 1.99 7.56 2.25 1.00

Data are an average of 24 microshoots
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(2,4-D). After 7 days of culture the explants were swell

(Fig. 1c) and formation of green yellow callus was

observed in 15 and 10 lM 2, 4-D. However, 15 lM 2, 4-D

was found to be the best in callus formation after 60 days

of culture (Fig. 1d, e), while a report of other study showed

combination of 2,4-D and 6-Benzylaminopurine (BAP)

was best in callus induction [3]. In the view of producing

somatic embryos and microshoots, the lump of healthy and

yellowish callus was transferred in same medium supple-

mented with different concentration of BAP and GA3 in

combination or alone. MS medium supplemented with

BAP (10 lM) and GA3 (5 lM) was effective in multiple

shoot induction (32.66 ± 6.42) per callus (Fig. 1f, g),

however the shoots were thin and long (6.00 ± 1.20 cm,

Table 1, Fig. 1h). 6-Benzylaminopurine (BAP, 5.0 lM)

used in alone produce shortest (3.99 ± 0.33 cm) and

healthy microshoots (25.00 ± 8.00) per callus, Table 1,

Fig. 1i). The least significance difference (P\ 0.05)

revealed that BAP (10 lM) in combination with GA3

(5 lM) was highly significant among all the treatments

(Table 1). Contradictory to this study, combination of BAP

and Kinetin was produced maximum shoot in S. chirayita

[4]. In earlier studies GA3 had also been found helpful for

in vitro shoot regeneration and induction of shoot buds

[5, 6]. This happen due to the GA3 can act as a replacement

for auxin in shoot induction, and thus a ratio of cytokinin-

GA3 may be decisive for differentiation in certain plant

tissues [7]. In another study, addition of GA3 with BAP

also produced thin and long shoots in Quercus leucotri-

chophora and Q. glauca [8] and better multiple shoot dif-

ferentiation from lump of callus in Hippophae rhamnoides

[9]. 6-Benzylaminopurine (BAP) used without addition of

other PGRs also produce high number of shoots which are

healthy and better for further growth. The same results

found in in vitro propagation of Valeriana wallichii [10].

The higher concentration of both PGRs used in this study

showed decreased multiple shoot formation. 6-benzyl

adenine (BA), its riboside and nucleotides are naturally

occurring cytokinins in plant tissues and are relatively

stable in comparison to other cytokinins [11].

The rooting of microshoots excised from multiplying

culture was conducted in MS medium containing different

concentrations of auxins (IBA and IAA). The 100% rooting

was observed in all microshoots tested for root formation

even in control treatment. However, the MS medium

containing 5 lM IBA produce maximum number of roots

(50.00 ± 10.00) per microshoots (Table 1) in comparison

to 15 lM IAA (28.00 ± 11.53 roots per microshoots,

Table 1 and Fig. 1j) without basal callus formation after

45 days of culture. In the existence a-Naphthalene acetic

acid (NAA) huge callus formation was found at the base of

rooted microshoots. Rooting with basal callus formation is

not desirable as it adversely affects the survival of plantlets

during the hardening or in the field [12]. Acclimatization is

primarily intended for restoring stress resistance and

autotrophic competence (Table 2).

The well rooted plantlets were transferred to mixture of

soil, sand and FYM (2:1:1) and kept inside the greenhouse

condition (25 �C, temperature and 80% humidity) for

30 days (Fig. 1k). Further, the 30 days old acclimatized

plantlets were transferred to nursery at Pothibasa (2200 m

a.s.l.) and planted in partially shade (70% agro shade net)

condition. After three months of nursery/field transfer the

maximum 58.70% survival of the plants were recorded

with maximum plant height (11.14 ± 1.41 cm) and num-

ber of leaves (15.0 ± 1.41 per plant, Table 3 and Fig. 1l).

The conservation of highly demanded and rare, endan-

gered and threaten (RET) status medicinal and aromatic

plants is necessary for the use of future generation. The

in vitro propagation method is only viable substitute for

propagation using any parts of plants as explants and also

useful supplement or alternative to the conventional prop-

agation method of seed germination. However, there are

number of reports available on in vitro propagation of S.

chirayita [13, 14], but the per cent survival of plants in

nursery/field condition is a matter of great concern. The

Table 3 Establishment and growth of in vitro raised plants of S. chirayita under two microclimatic conditions (open and Thatch) after three months

of field transfer

Microclimatic

condition

Survival

(%)

Growth parameters

Plant height

(cm)

(mean ± SE)

No. of leaf

(mean ± S

E)

Leaf length

(cm)

(mean ± SE)

Leaf area

(cm2)

(mean ± SE)

No. of roots

(± SE)

Root length

(cm)

(mean ± SE)

Root diam

(mm)

(mean ± SE)

Collar diam

(mm)

(mean ± SE)

Open 50.00 6.39 ± 3.46 14.0 ± 5.59 7.61 ± 3.39 2.12 ± 0.55 78.75 ± 26.57 5.14 ± 0.45 2.27 ± 0.20 2.23 ± 0.39

Partially shade

(70% agro

shade net)

58.70 11.14 ± 1.41 15.0 ± 1.41 15.26 ± 1.41 2.15 ± 1.42 90.00 ± 14.14 6.60 ± 1.49 0.33 ± 0.01 2.82 ± 0.77

LSD (P\ 0.05) 4.91 0.9 8.2 0.32 11.20 0.45 2.10 0.62

Collar diameter is 0.5 cm above the ground. Data are an average of 24 plants
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results of the present study showed that the leaf explants

were good source for in vitro propagation of S. chirayita

via callus induction followed by multiple shoot formation,

rooting of individual microshoots and successful trans-

plantation of the plantlets in nursery/field condition. The

MS medium containing BAP (10.0 lM) in combination

with GA 3 (5.0 lM) and BAP (5.0 lM) alone were highly

useful for formation and development of microshoots and

IBA (5 lM) for root induction. The partially shade (75%

agro shade net) condition is also useful/suitable for nurs-

ery/field establishment of in vitro raised plants of S.

chirayita.
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