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Abstract

In vitro shoot multiplication from nodal explants of Picrorhiza kurroa Royle ex.
Benth. (Kour) was obtained on MS without cytokinin. Addition of NAA in the
culture medium favours shoots as well as root formation. Among the various
combinations of MS and Bs media, the average number of shoots per explant was
(18.3) on MS supplemented with 0.6 mg/l NAA. Shoot length was maximum (5.8
cms) in MS augmented with 0.4 mg/l NAA. The elongated shoots rooted within
15 - 25 days either on MS alone or supplemented with NAA (0.4 mg/l), IAA and
IBA (0.1 - 0.5 mg/1). About 81.5% of the rooted plantlets survived acclimation and
transferred to the greenhouse. All the in vitro derived plants at maturity
displayed normal development as that of the mother plants at their maturity.

Introduction

Picrorhiza kurroa Royle ex. Benth. (Kour), a fast depleting high value medicinal
plant belongs to Scrophulariaceae and is endemic to alpine Himalayan
mountains (3500 - 5000 m asl). The use of micropropagation techniques for in
vitro conservation of this highly endangered medicinal plant has received much
attention during the last few decades because of its endangered status and
uncontrolled exploitation from natural habitat. Picrorhiza kurroa is the principle
source of iridoid glycosides like picrosides-I, II, III and kutkoside (Jia et al. 1999).
Other identified active constituents are apocynin, drosin and cucurbitacin
(Weinges et al. 1972). Herbal preparation of P. kurroa are used for the treatment
of traditional as well as in modern system of medicine as a purgative, brain tonic,
stomachic, dyspepsia and antiallergic (Hussain 1984). It is also reported to have
anticancer activity (Joy et al. 2000) and extracts can be used as selective enhancers
of neuron growth (Li et al. 2000 and Li et al. 2002). Picrorhiza kurroa extracts can
also be of therapeutic value in treating viral hepatitis (Mehrotra et al. 1990).
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The poor cultivation coupled with over exploitation of rhizomes for
pharmaceutical use has depleted the species from the natural habitat, thereby
widening the gap between demand and supply and thus putting further
pressure on the availability of this species (Nayar and Shastry 1990). The gradual
decline in the population of this species demands concrete conservation efforts so
as to ensure continuous and ample supply by establishing a balanced cycle of
harvest and renewal. Such conservation efforts would ensure continuous supply
of this valuable material which is in great demand by the pharmaceutical
industry. Only a small percentage of such medicinal plants, used in the industry
are cultivated. Most of them are collected from the natural habitat, very often in
destructive and unsustainable manners which led to loss of such precious
germplasm from its natural habitat. Thus keeping the above facts in mind, the
present study was undertaken to develop a suitable regeneration protocol for its
rapid multiplication and conservation of its genetic diversity.

Materials and Methods

Mature seeds for germination were procured from IIIM field stations, Yarikah
(District, Baramulla) and Bonera (District, Pulwama), surface disinfected with an
aqueous solution of mercuric chloride (1.0%; 3 mins) and thoroughly rinsed
thrice with sterile distilled water. The sterilized seeds were imbibed in water for
soaking for 15 days at 4°C and then kept under continuous dark conditions at 25
+ 2°C on moist absorbent cotton placed in the Petri plates and germination was
monitored on regular intervals.

The basal media consists of mineral salts, vitamins, sucrose (3% w/v), myo-
inositol (0.1%). The pH of the media was adjusted to 5.8 + 0.1 prior to gelling
with 0.8% (w/v) agar-agar (Glaxo, bacteriological grade) and autoclaved at 1.05
kg/cm?, 121°C for 15 min. Cultures were maintained at 25 + 2°C in 16/8 hr light/
dark cycle by fluorescent tubes (Philips 40 w) and 65 - 70% relative humidity. All
experiments were conducted at least thrice with 10 replicates each. MS
supplemented with different concentrations of NAA ( 0.2 - 1.0 mg/l, IAA (0.1 - 0.5
mg/1), IBA (0.1 -0.5 mg/l), BAP (0.1 - 0.5 mg/1) and 2,4-D (0.1 - 0.5 mg/1) that were
tested alone or in combination for shoot proliferation and elongation. Elongated
shoots (1.2 cm long) were excised from the culture and transferred to MS
supplemented with different concentrations of NAA (0.2, 0.4, 0.6, 0.8 and 1.0
mg/l) alone as well as in combination with IAA and IBA (0.1, 0.25 and 0.5 mg/1
each) within three weeks. All the cultures were incubated at 25 + 2°C under 16 hr
photoperiod with cool white fluorescent lamps. After three weeks, the
percentage of rooting and the number of roots per shoot was assessed. The
rooting response of shoots was maximum (92%) in MS fortified with NAA (0.4
mg/l). Similar results were reported for many species when NAA was used and
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proved the best among the auxins tested alone or in combination. Rooted
micropropagules were thoroughly washed to remove the adhering gel and
planted in earthen pots containing a mixture of soil, sand and vermiculite (1:1 :
1: w/v) and kept in the greenhouse for acclimation for four weeks. The plants
were watered at two-day intervals mixed with one fourth strength of MS
inorganic solution twice a week before transfer to open field. The survival rate
was recorded one month after transfer to pots. Each treatment consisted of 10
replicates. The data were analyzed statistically using ANOVA and LSD values
were calculated at p = 0.05 for comparing means of the treatments (Gomez and
Gomez 1984).

Results and Discussion

An in vitro regeneration method has been developed for mass propagation of
Picrorhiza kurroa, an endangered and highly valued medicinal plant without
using cytokinin. Single medium combination favours best shoot as well as root
formation. The highest seed germination rate was obtained when seeds were
given cold treatment at 4°C for ten days. Among the various strengths of MS and
Bs media (Gamborg et al. 1968), MS supplemented with 0.6 mg/l NAA showed
the highest percentage of direct organogenesis. Maximum nodes per shoot were
obtained in media containing lower percentage of sucrose and myo-inositol
while shoot length was maximum (5.8 cms) in MS fortified with NAA (0.4 mg/1).
The rooting was optimized using MS supplemented with 0.2 - 1.0 mg/l NAA.
Indirect and direct adventitious shoot regeneration, multiplication as well as
their elongation was evaluated on MS with various concentrations of NAA (0.2,
0.4, 0.6, 0.8 and 1.0 mg/l) alone or in combination with IAA and IBA (Table 1)
within three weeks of culture. Earlier, Upadhayay et al. (1989) reported in vitro
propagation by using BAP, but in the present study cytokinin has not been
proven much effective compared to auxins. These variations in the response of P.
kurroa could be due to ecotypic differences (Mohapatra and Gressholf 1982). The
average number of shoots 18.4 + 1.10 per explant for indirect organogenesis was
observed on 0.2 mg/l NAA with 80% response and 18.3 + 0.57 per explant for
direct organogenesis was observed on 0.6 mg/l NAA (Table 1) with 95%
response. These results are very much in conformity with the observations of
Qadri et al. (2005), Ahuja et al. (2002) and Zarate et al. (1997). Callus regeneration
was observed at the basal cut end of each explant (Fig. 2), which is in agreement
with Toth et al. (2000) in Atropha belladonna. The combining effect of IAA and IBA
with NAA on nodal segments also promoted direct and indirect shoot
multiplication and elongation. However, for indirect regeneration average
number of shoots 4.2 + 0.64 per explant was observed on NAA (0.2 mg/l) + [AA
(0.1 mg/l) with 14% response (Table 1) and for direct regeneration the number
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was 5.6 + 1.26 per explant on NAA (0.6 mg/l) + IBA (0.5 mg/l) with 11% response.
Such findings are strongly supported by those of Ahuja et al. (2002).

Table 1. Effect of NAA alone or in combination with IAA and IBA on direct shoot
proliferation and multiplication.

Media combinations % Av. No. of Callus  Shoot length
(mg/l) response  shoots/explant (%) (cm)
MS (control) 10 3.3¢x0.76 2 1.1+ 0.44
MS + NAA (0.2) 60 10.44+1.10 30 322+0.72
MS + NAA (0.4) 76 11.8b<+0.27 25 5.82+0.89
MS + NAA (0.6) 95 18.32+ 0.57 40 5.6+ 0.50
MS + NAA (0.8) 80 13.26+ 0.67 11 5.32+0.76
MS + NAA (1.0) 73 9.44+0.95 4 3.3v+0.62
C.D=0.05 1.60 1.39
Combination

MS + NAA (0.6) + IAA (0.1) 10 3.20+0.64 2 1.4°+0.34
MS + NAA (0.6) + IAA(0.25) 12 454135 3 2.00+0.42
MS + NAA (0.6) + IAA(0.5) 9 4.8°+1.73 2 1.32+0.89
MS + NAA(0.6) +IBA(0.1) 11 3.32+0.83 2 1.82+0.46
MS + NAA (0.6) + IBA(0.25) 10 4.2950.62 2 2.12 +0.58
MS + NAA (0.6) + IBA(0.5) 11 5.6°+1.26 3 2.12+0.59
C.D.=005 2.29 1.14

Values with same superscript letters are insignificant at p > 0.05.

To our knowledge there are no published reports on multiplication of
Picrorhiza from nodal explants without using cytokinin. P. kurroa is propagated
through suckers, which are highly prone to viral infections (Dhenuka et al. 1999).
In vitro culture provides a powerful tool to eliminate viruses, leading to
production of healthy and vigorously growing planting material (Narayana-
swamy 1997). Various concentrations of BAP (Table 1) were useful in inducing
growth of nodal segments and development of shoot tips. However, the best and
rapid growth was observed on MS fortified with NAA (0. 6 mg/l). Further
increase in the concentration of NAA had no effect on the number of multiple
shoots. In contrast, in other related species, the enhanced level of NAA had
stimulating effect on the total number of regenerated plantlets (Slabbert et al.
1993). These results confirmed that some plant species have enough levels of
endogenous hormones and do not require high levels of exogenous growth
regulators for plant regeneration (Hussey 1982). Emergence of roots occurred
within a period of 15 - 25 days. Further incubation of one week led to a very
vigorous root growth (Fig. 4). The maximum root growth was recorded on MS
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supplemented with 0.4 mg/l of NAA (Table 2). During hardening, the plantlets
were irrigated with one fourth strength of MS (without sugar and vitamins) for
one week.

Figs. 1-6: 1. Germination of P. kurroa seeds. 2. Green callus formation. 3. Shoot prolifera-
tion in solid MS. 4. Rooting response of shoots. 5. Rooted shoots transferred in
polycups. 6. Plantlets transferred to greenhouse for acclimatization.

Although P. kurroa showed spontaneous rooting, the addition of auxins in
the rooting medium facilitated higher rooting quality than PGR-free medium in
terms of root length and number (Table 1). Direct root initiation and elongation
was observed after subculturing of isolated, elongated shoots on to MS
supplemented with different concentrations of NAA (0.2 - 1.0 mg/l) alone as well
as in combination with IAA and IBA (0.1, 0.25 and 0.5 mg/l each) within three
weeks. The best rooting response of shoots was 92% (Table 2) on MS
supplemented with NAA (0.4 mg/l). The primary roots became visible after
seven days of culturing, however long thin multiple roots were achieved after
three weeks. Similar results were reported for many species when NAA was
used and the best among the auxins alone or in combination. Each explant
developed an average of 17.2 + 0.53 roots with root and shoot length of 11.3 + 0.45
and 20.5 + 0.57, respectively on MS added with 0.4 mg/l NAA with an average
response of 92% (Table 2). The complete plantlets, thus formed were hardened in
earthen pots (Fig. 5) containing sterile soil, sand and vermiculite (1:1:1) where
81.5% plants survived successfully (Fig. 6).
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Table 2. Effect of NAA alone or in combination with TAA and IBA on root proliferation and
multiplication.

Media combinations Response Daysto  No. of Root length Shoot length Callusing
(mg/1) (%) root roots / (cm) (cm)

induction explant
MS(control) - - - - 3.3¢+£0.53 ++
MS + NAA (0.2) 83 22+3 13.5*+1.2 952+1.22 16.2°+0.59 +
MS + NAA (0.4) 92 18+2 17.22+0.53 11.32+x0.45 20.52+0.57
MS + NAA (0.6) 80 13+2 144*+096 4.5:+093 21.42+0.57 +
MS + NAA (0.8) 30 15+3 12.6b+1.27 5.3+0.68 9.2¢+0.52 ++
MS + NAA (1.0) 20 25+3 7.2¢<+£0.55 1.84+1.6 4.64+0.58 +
C.D=0.05 1.81 2.01 1.17

Combinations

MS +NAA (0.4) +0.1 TAA 72 23+3 11.3*+0.75 7.52+1.02 13.3v+0.57 +
MS +NAA (0.4) +0.25TAA 63 23+4 13.42+0.87 2.3+0.88 12.5*+0.67 ++
MS +NAA (0.4) +0.5 TAA 70 24+3 14.12+£0.53 4.5b+1.22  12.1°+0.47 +
MS + NAA (0.4) +0.1 IBA 65 22+2 114*+0.78 3.6b£0.84 14.22+0.49 +
MS + NAA (0.4) + 0.25 IBA 70 21+2 125%+1.10 8.2a+049 15.52+0.85 -
MS +NAA (0.4) +0.5 IBA 70 22+3 13.62+1.32 3.6b+0.58 16.22+0.49 -
C.D.=0.05 1.80 1.69 1.25

Values with same superscript letters are insignificant at p > 0.05.
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