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In-Vitro Conservation of Some Endangered Plant Species of India
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Procedures for in-viteo multiplication and short-term conservation of 3
endangered medicinal plants, viz., Saussurea lappa. Picrorhiza kurroa and
Podophyllum hexandrum are reported.  While first fve species were rmlti-
plied via shoot multiplicarion, the third species was multiplied via both shoot
muldtiplication and somaric embryogenesis. On MS -+ BAP (5 x 10-6 M)
+ GAa (3 X 10-8 M) shoots of 8. lappa proliferated at a vate of 3.5 fold
every 3 weeks and 90 per cent cultures of these shoots reoted in MS + NAA
(3 x 10-7 M). P. kurroa multiplied 36-fold every 30 days on MS -+ BAP
(1 x 10-6 M). Similarly, shoots of P. hexandrum muliplied 8-foid in 4
weeks on MS + BAP (2 x 1076 M). The callus derived from zygotic
embryos of P. hexandrum on MS - BAP (2 x 10-6 M) 4 JA4 (5 x
10-7 M) differentiated globular cmbryos. Further development of these
embryos occurred on MS + NAA and the somatic embros germinated on
MS with or without growth regulators, The shoot cultures and embryogenic
calli stored at 5°C in dark for 7 to 12 months without any intervening sub-
culture survived with 70 ro 100 per cent viability.

Indiscriminate exploitation of natural resources, destruction of natural habitats
and spread of harmful chemicals are some of the human activities responsible for
the deterioration of natural ecosystem. It is estimated that about 1500 plant
species are threatened to extinction in India (Nayar and Sastry, 1987). Of these,
about 100 species have been declared as rare plants. The growing awareness of
dreadful consequences of uncontroiled destruction of plant types has led to
the establishment of national and international bodies to examine the seriousness
of the problem and suggest measures to control it. At this stage of belated reali-
zation of the problem, a two-pronged approach is required. Firstly, the natural
ecosystemt and habitats should be protected and preserved by establishment of
natural reserves in order to check further loss of species due to human activities.
Secondly, the taxa whose number has fallen to such critical level that they are to
be regarded as threatened or endangered under natural habitat should be presery-
ed vnder safe, artificial conditions which would also allow their rapid multiplica-
tion for reintroduction into the wild. Plant tissue culture fulfills the requirements
of the second approach, v

In tissue cultures genotypes can be maintained as actively prolifering cells,
somatic embryos or shoots through regular subcultures. The necessity of frequent
subculture may be avoided by storing the cultures under growth-limiting condi-
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tions, such as low temperature (5°-12°C) and the application of growth retar-
dants through the culture medium (Westcott, 1981; Henshaw and O'Hara, 1983).
Alternatively, cultured cells may be stored for long-term at cryogenic temperature
(Kartha, 1984; Withers and Williams, 1986). Tt is now well established that plant
cells can withstand —196°C, and plants have been regenerated from tips of pea
and strawberry cryopreserved for over two years.

Under an All India Co-ordinated Project, sponsored by the Department of
Environment, possibilitics of in-vitre conservations of some endangered plant species
were examined. The paper describes our observation on in-vitro multiplication of
three endangered species of medicinal important, viz., Podophyllum hexandrum,
Picrorhiza kurrea and Saussurea lappa. Attempts have also been made to preserve
the cultures of these species at 5°C in dark for short-term,

MATERIJALS AND METHODS

Plant material

Seeds of Saussurea lappa C.B. Clarke were obtained through the courtesy of the
Lahul Kuth Growers Co-operative Marketing Society 1td.,, Manali. Live plants
with mature fruits of Podophyifum hexandrum Royle, and vegetative parts of Picror-
hiza kurroa Royle ex Benth. were collected from Valley of Flowers, Ghangarea,
Hemkund and Kedarnath regions (Altitude 3000 m-3000 m) in Uttar Pradesh,
India.

Initiation of aseptic cultures

Seed and vegetative parts were sterilized with 0.2 per cent solution of mercuric
chloride for 5-10 min. and were washed thoroughly in sterile distilled water 2-3
times. The seeds and eq 5 mm long leaf, root, rhizome segments and nodal and
terminal cuttings were planted aseptically on the nutrient medium. In the case of
P. hexandrum, in addition, decoated seeds and excised embryos (ca 3 mm long)
were also cultured. In the case of S. lappa cotyledouns, leaf, hypocotyl and root
segments from 15 days-old aseptic seedlings were used to initiate cultures.

Shoot multiplication

Approximately, 5 mm long shoots with 1 or 2 young leaves from aseptic cultures
were used to multiply the shoots in-vitro.
Somatic embryogenesis

Approximately 150 mg (fresh weight) of embryogenic calli was used as inoculum.

Culture medium

Murashige and Skoog’s (1962) medium containing 3 per cent sucrose gelled with
0.8 per cent agar, hereafter referred to as MS, was used as basal medium. Depend-
ing upon the experiment, the MS was supplemented variously with benzylamino
purine (BAP), 2-isopentenyl adenine £2ip), kinetin (Kn), 2,4-dichlorophenoxyacetic
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acid (2,4-D). indole-3-acetic acid (IAA), indole-3-butyric acid (IBA) and naphtha-
leneacetic acid {NAA) and gibberellic acid (GAs). All the constituents were
adjusted to pH 5.8. The molten medium was dispensed in 150 mm x 25 mm tubes
{20 mlstube), and plugged with non-absorbent cotton wrapped in a layer of cheese
¢cloth and autoclaved at 121°C for 15 min.

Culture conditions

P. hexandrum cullures were normally maintained at 25 +- 2°C in 16 h photo-
period with 9.5 W/m? irradiance provided by cool, white, fluorescent tubes
(Phillips TL 40 W/54). Cultures of 8. lappa and P. kurroa were kept under continu-
ous light. For cold storage, cultures were kept at 5°C in dark in a refrigerator for
various periods. :

RESULTS

Saqussurea lappa C.B. Clarke

Commonly known as ‘Kuth’, S. lappa (Asteraceae), grows as a perennial herb
in the Western Himalayas at an altitude of 2500-3000m. The dried roots of
Kuth are used to cure cough, fever, asthma, rheumatism and skin diseases. The
roots also yield an essential oil (costus oil} which s used for blending in high class
perfumery. Owing to over cxploitation of its natural populations for commerce
and declining area under cultivation, S. fappa has become a threatened species in
this country. The Kuth growers are shifting to potato cultivation solely for
€conomic reasons.

Seed germination

On MS basal medium 30 per cent seeds germinated. Onset of germination was
observed within 3 days of culture and a 15-day old seedling had rwo dark green
and spathulate cotyledons, a Jong hypocotyl and a tap root. Up to two plumular
leaves developed after eight weeks.

Regenerations

Cotyledons, hypocotyl, root and leaf segments from 15-day old seedlings were
used to examine their potentiality for regeneration, While cotyledons and leal
explants differentiated shoot buds, the hypocotyl and root explants exhibited only
callusing, ‘

The cotyledons cultured on MS 4 BAP (5 x 10-¢ M) 4- TAA (1 x 1077 M)
enlarged and callused at the cut ends, The callus was creamish, hard and nodular.
When the callus and the parent explants were separately transferred to fresh
medium of the same composition, both of them differentiated shoot buds, with

calli showing higher regencration (50 per cent) than the cotyledon pieces (25 per
cent). :

The leaf pieces cultured on MS + BAP (5 x 106§ M) 4+ TAA (I x 107 M)
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eilarged and formed nodular callus ot cut end within one week. By the end of
the dth week, 70 per c=nt of these cultures dilferentinted advemitions shoot bhuds
(Fig. 1a}, The maximum nomber of buds per Smm?® explant was 8

Fig. 1 Sawnmres fapng
a A Foweck old culture of leal segment om MS BAAP 4 10°* %) + TAA (10 T M),
shiovwirg differengindlen of shool Buds Troen (he uld endl.
B: A eluver of shoots Jderived from a uegle adveninious shoot culruged on MS 4 BAP
% "M+ A, (3 = 10" M) for T weeks

c An fn=gipey pnaheplbed shooo roeoted on MS -+ NAK F = 1007 M)

Sheagr mnaled pllcation

The shoot buds differentiated from cotyledons and leal pleces as terminal
buds from aspeciic seedlings were culiured on MS medium variously supplemented
with growth regulators to achieve shoot multiplication. On MS 4+ 3 x 105 M
BAF, 3-4 healthy leaves developed and a hard nodular callus was formed at the
basal cut end of the explant.

Shoot multiplication oceurred in the combined presence of BAP (3 10-% M)
and GAy (3« 10-# ) (Fig. 1b).  Afier one week of culiure, a hard, slow growing
callus developed at the basal cut end, which later differentiated shoot buds, On
this medivm, shoois hove been multiplied for two years ai a rate of 1.5 times every
I weeks.

Rooging of shusots

Rooting of shoots aocurred only in the presence of an awxin (Fig. le). MNAA
(5 107 ML [0~ 1 3 105 bl) induced rooting in @0 per cent culiures
within 30 davs. The roots were white, thick and hairy. The rooting was nssociat-
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ed with callusing, the intensity of which was directly related to the concentration
of the auxin, Thus, full plantiets have been established from in-vitre multiplied
shoots,

Short term storage of shoot cultures

Seventy iwo in-ritro grown shoots were individually transferred to MS + BAP
(5 x 10-¢ M} + GA, (3 x 10-¢ M) and shifted to cold storage after one week
growth under culture room conditions (25°C, 16 h photoperiod). At monthly
intervals, 5 cultures were withdrawn and placed under standard culture root con-
ditions. The shoots cold stored up to 12 months remained fully viable. Dauring
cold storage, the original leaves dried and 1-2 new shoots with eticlated leaves had
developed. The Jeaves turned green within a week after transfer te light. Indivi-
dual shoots from these cultures exhibited a higher rate of multiplication (4.5 fold/
4 week) under culture room condition than those not subjected to cold tempera-
ture.

Podeply thum hexandrum Royle

Commonly known as Himalayan May-apple, P. iexandruy (Podophyllace) grow
as a perennial rhizomatous herb in the inner ranges of Himalayas at an altitude of
2700 to 4200 m. The rhixome is a source of the resin  (podophyllin) which con-
tains the anticancerous principle, podophyllotoxin. While the resin is used for its
purgative properties, the podophyllotoxin is used as a starting material for the
production of certain semisynthetic anticancerous drugs. Resin from the Indian
species yields higher amount of (40 per cent) podephyllotoxin, than the resin from
the American species P. peltatum (10 per cent). Due to lack of organised
cultivation and intense collection of its rhizome from the forests, P. lexandrum has
become a threatensd species.

Culture initiation

None of the vegetative parts responded in culture, except for voung leaf seg-
ments showing little swelling on MS ++ 2,4-D (1 = 10-5M) + BAP (1 x 10-9).
Similarly, the seeds and decoated seeds failed to show any change even after 8
weeks. The excised embryos, however, showed over 90 per cent germination with-
in 7 days on MS basal medium. A 4-wk old seedling comprised two green
cotyvledons with free terminal lobes fused at the base forming a tube (CT) and a
long tap root. The plumule situated at the base of the CT did not develop any
leaf even after 3 subcultures. Even in nature the plant remains in seedling stage
during the first year, and the first leaf emerges only during the second season
{Badhwar and Sharma, 1963).

On MS - BAP (2 x 10-6 M) and MS + BAP (2 x 10-6 M) + [AA (5§ x
10-7 M}, the embryos showed expansion of cotyledons and slight elongation of the
CT baut root development was completely suppressed, Within 3 weeks the base of
the CT became swollen and differentiated certain leafy structures on the surface
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which later developed into normal shoots. In the presence of BAP and IAA, a
nodular and compact callus also developed at the base of the CT. Shoots were
subcultured for shoot multiplication and the calli were used to induce somatic
embryogenesis. *

Shoot multiplication

The adventitious shoot buds with one or two young leaves and a swollen base
were excised from embryo cultures on MS + BAP and MS + BAP - IAA and
transfecrred to MS supplemented with BAP alone at 3 different concentrations
(2 1078 M, 5 x 1076 M, 1 x 105 M). In the first two weeks the petiole elon-
gated, lamina expanded and the basal swelling enlarged. During the third week,
white shoot buds emerged from the swollen base. Maximum proliferation of shoots
(8 fold in 4 weeks) occurred in the presence of 2 < 10~ M BAP (Fig. 2a).

Rooting of shoots

Satisfactory rooting of shoots is yet to be achieved. Only 25 per cent of the
shoots developed | or 2 short, thick rtoots on MS (with 6 per cent sucrose) +
2 % 10-8 M BAP. Auxins, suich as TAA, NAA and IBA were also tried for
rooting but without any success.

Somatic embrrogeitesis

The calli from embryo cultures became friable and creamish, and in 70 per cent
of the cultures abnormal looking leafy structures developed by the end of the
fourth passage on MS - BAP - TAA, When traonsferred to MS 5 24-D (1 «
10-3 M) + BAP (1 2 10-¢ M), the calli turned slightly compact, light brown and
differentiated a larpe number of globular embryos (Fig. 2b). ©On this medium
proliferation of globular embryos continued but they failed to mature,

In order to induce further maturation, the globular embryos were transferred to
MS supplemented with lower concentrations of 2,4-D or NAA {1 x 106 — [ x
10-5 M) and the cultures were maintained in dark. While the globular embryos
proliferated on all the media, further maturation of embryc though heart,
torpedo and dicotyledonous stages occurred only on media containing NAA
(Fig. 2¢). Maximum number of embryos {12/culture) were formed with 1 x 10-¢ M
NAA, Pluricotyledony, fused cotyledons and production of secondary embryos
were common in these cultures.

Somatic embryos germinated on a range of media. On basal medium, a 4-wk
old seedling possessed features similar to a zygotic seedling (Fig. 2d). Normal
looking seedlings transferred to vermiculite : soil (1 : 1) mixture at 20°C in light
remain and healthy up to 4 weeks, but none of the seedlings developed a plumu-
[ar leaf.

Shori-term Storage of Somatic Embryos

A preliminary study was undertaken on the storage of Podophylium germplasm
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Fig 2 |"'n||'|1||'l.ﬁ.r|'|'|ﬂ.l:l Mo TR AT

B A dwerk old shos ciliige on M5 - BAP (2 | ["fl" |

b Embrya callos cobuned on M5 5 2, 4=DD () & & M) <= BAF O »x 10 808 for 4 wecks
has déveloped numerous glishilar embryoa

¢ ¢ Typimal dicotyledonous spmatic embryos altacked 10 a piece of callus.  Embryo maturation
pecurred on MS 4 MAA (2.5 =« 10-* M)

i Somatic embryos pernunated on ME bawml seedling comprised 1w cotyledions whose
base Bas fused to ferm a cotybedogary tube and a long 1ap roel

in the form of callus and somatic embryos at low temperature. Embryogenic calli
cold stored for 7 months remained viable (95 per cent) and differentiated globullar

embryos
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Picrorhiza kurroa Roval ex Benth.

Commonly known as Kutki, P. kurroa, (Scrophulariaceae) grows as a low hairy
herb with a perennial woody rhizome, in the inner ranges of the Western Himala-
yas at an altitude of 3000-5000 m. The dried roots and rhizome of this plant
are the source of a bitter tonic used in modern medicine as stomachic, purgative,
and in dyspepsia and fever. Owing to over exploitation and the absence of syste-
matic cultivation this species has become endangered. For the present study, the
vegetative material was collected from Hemkund and Kedarnath regions of the
Western Himalayas at an altitude of 4000 m.

Initiation of Aseptic Cultures

Surface sterilised terminal and nodal cuttings, measuring ca 2 ¢m, were cultured
on MS, MS - BAP (5§ x 10-6M, 1 x 10-5M, 5 x 10-5) and MS 4 24-D
{1 x 106M, 5 x 10-5 M). The sprouting of the cutting occutred only on BAP-
containing media (Fig. 3A). On MS + BAP (5 x 10-¢ M), the segments developed
2-3 leaves but the shoots failed to grow further. However, when these cuttings
were transferred to MS with 3 x 10-¢ BAP, the shoots resumed growth.

Shoot multiplication

The shoots developed in primary cultures on MS - 3 X 10 M BAP were
excised and cultured on fresh media to test the effect of a range of concentra-
tions of BAP, 2ip and Kkinetin on shoot proliferation. The cytokins were
tried individually and in combination with TAA or GA,. Shoot multiplication
through forced axillary branching occurred in all the media. BAP at 1l « 106 M
was found to be the best treatment (Fig. 3b). On an average, 12.6 shoots deve-
loped in 3C days on this medium. Higher levels of BAP were toxic. On MS +
BAP (I x 10-6 M) shoots have been multiplied for 14 months. At the end of
each passage of 30 days, the long shoots were cut to prepared ¢a 2 cm long termi-
nal and nodal cuttings (propagules) and individually transferred 1o fresh medium.
Considering the number of propagules derived from each culture, a rate of 36-fold
multiplication every 30 days was achieved.

Rooting of shoots

Attempts to root the shoots jr-vive were unsuccessful. However, 89 per cent
of cultures on MS + I x 10-6 M NAA formed well developed roots (Fig. 3¢), On
this medium roots emerged within 20 days after culture and at the end of 30 days
each shoot developed on an average 6 white stout roots. Increase in auxin level
disturbed the health of the plantlet and in most cases induced callusing at the
basal end of the shoot.

Short-term storage of shoot culiures

Individual shoots from MS + BAP (I x 10~ M) were transferred to fresh
medium and after a week of acclimatisation under culture room conditions, they
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Fig- } Plerorkizo burrea
a Terminal shood cutting culisred on M5 BAT (] 107* & for 20days, showing sprogiting
af termimsl and am acillary bad
<] A | G-day old proliferaneg shool culiure om M5 BAF{l x 1I0°* M
= A de-vitre Formed shood mooles] oa M5 + NAA (] = 1977 M)

were trnmsferred 1o cold storage conditions, The shoots recewved afler 9 months
of cold storage showed T per ceni survival. A Hmited muoltiplication of shoois
occurred at low temperature. When shifted o 23°C under 16 b light, viable cultures
showed shoot multiplication compiarable to the culivres maintained under culipre
room conditions throughout,

Shoot tip culiures

Shoot tips and globular embryos are the most suitable materials [or long-lerm
storage of plant moierials at thg super-low temperature {(—196°C) of liguid
nitrogen. However, cryopreservalion of shoot tips for germplasm slorage requires
a prodocel For high frequency plant regeneration from excised thoot Lips, There-
fore. an experiment was conducied to study the regencraiion potential of shoot
tips.  Seb-millimeter shoot tips consisting of an apical dome and one or two leal
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primordia were excised from /in vitro multiplied shoots, with the aid of a stereo-
scope, and cultured on MS, M8 + 1 x 10-7 M TAA. Shoot generation occurred
on all the three media, but MS + BAP (1 x 10-: M} gave maximum regeneration
(69 per cent).

DISCUSSION

In vitro multiplication of three important endangered medicinal plant species
has been achieved. Podophylium hexandrum has been multiplied through somatic
embryogenesis and through sheoot multiplication. Saussurea lappa and Picrohiza
kurroa have been multiplied through shoot proliferation. Preliminary results with
the storage of globular embryos of Podophyllian and shoot culiures of Saussurea
and Picrohiza at low temperatare are encouraging. Globular embryos and shoot
tips will be subjected to cryopreservation for long term conservation of these
species,

All the three species studied in the present work are new to tissue culture,
Only one paper has been published on tissue culture of P. kurroa by Lal er al.,
(1988). However, our observations are at variance with their results. This could be
due to ecotypic differences in the plant materials used in the two studies. While we
collected the plants from Hemkund-Kedarnath regionsin Uttar Pradesh, Lal e al.
(1988), obtained their material from Manikaran in Himachal Pradesh. Substantial
ecotypic differences in in vitro response of Trifolium repen have been reported by
Mahapatra and Gresshoff (1982).
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