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The effect of a Plant Growth Regulator - GA3, (100, 200, 300 ppm), temperature regimes (15, 20, 250C) and photoperiodic
conditions (light and dark) were examined for enhancing and synchronizing the uniform germination in two endangered
and commercially important medicinal herbs of the Himalayan region namely Angelica glauca Edgew. and Pleurospermum
angelicoides (Wall. Ex DC.) Benth. ex C.B. Clarke. The tetrazolium (TTC) staining method indicated that viability of
freshly collected seeds was good but it declined under storage conditions at 40C with time. In A. glauca, seeds treated with
GA3 at 100 ppm enhanced germination significantly (P<0.05) under light conditions at 250C. However, in P. angelicoides
GA3 did not influence seed germination as compared to control at 250C under light conditions. Mean germination time
was recorded lowest under all treatments at 150C for both the species. The present study indicates that higher temperature
(25oC) and light have a positive relationship with seed germination of these species even under no pretreatments. Pretreat-
ments have only marginally improved the seed germination of the species and all treatments used in the present study are
cost effective for mass propagation of these species.
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Introduction

Angelica glauca Edgew. and Pleurospermum
angelicoides (Wall ex DC.) Benth ex C.B. Clarke. are
two important rhizomatous medicinal herbs distributed
in the alpine and subalpine belts of the Himalayan region.
Both plants belong to family Apiaceae. Angelica glauca
is a glabrous and aromatic herb. It attains 1.2-3.6 m height
and is distributed in high altitudes of the Himalaya from
Kashmir to Uttaranchal [1]. It has hollow stem and its
leafs are ovate or lanceolate with 1-3 pinnate leaflets. It
has 20-50 mm thick and spongy tuber, which is dark
greyish brown with longitudinally wrinkled and furrowed
surface. Due to its high medicinal and aromatic value
this is in the top of three prioritized medicinal plants of
western Himalaya [2]. P. angelicoides is a glabrous,
robust, erect-stemmed, 2-6 feet in height, distributed
between 2800-3500 m asl. Both P. angelicoides and A.
glauca are threatened medicinal plant species in
Himalaya due to unsustainable harvesting, habitat loss,
fragmentation and excessive human interference [1].

Traditionally, both A. glauca and P. angelicoides are
used as medicines, aromatic spices and condiments.
Local inhabitants of Tibet and Niti Valley of Nanda Devi
Biosphere Reserve (NDBR) consume large quantities of

‘Dongcha’ which is prepared with powder of A. glauca
and P. angelicoides rhizomes mixed with Allium leaves
and salt. They also use the decantant of rootstock of
A. glauca and P. angelicoides boiled in water as medicine
to the patient suffering from stomach pain or headache.
Roots of the A. glauca are also used for seasoning curry
[3]. Both the species have high global and domestic
demand for the preparation of various drug formulations.

Seed production potential was very low in both
A. glauca and P. angelicoides (50-400/plant) [4]. Seeds
mature late in the season and therefore fails to produce
sufficient number in both the species. A. glauca had a
maximum seed germination of only 8% [4]. Soaking of
seeds in different concentrations of GA3 did not show
much effect on germination of A. glauca, only GA3 at
100 ppm concentration found slightly effective in
improving germination percentage [5]. Presowing
chemical treatments can be used to enhance and improve
seed germination in Himalayan medicinal plants [6,7].
Seed germination studies on several Himalayan
medicinal plants have proved useful in developing
appropriate conservation strategies [8-11]. Several
studies conducted on Medicinal and Aromatic Plant
(MAP) cultivation in high elevations of Uttaranchal by
different workers [12-16] indicate that there is an urgent
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Fig. 1: Seed viability patterns of A. glauca and P. angelicoides
during storage at room temperature (25oC)

need to develop MAPs based cultivation in the region as
they are the low volume - high value crops.

Though both A. glauca and P. angelicoides have
multiple uses and high demand in local as well as global
markets their availability in the wild is becoming low.
The present study is an attempt to examine the effect of
GA3, light and temperature on the seed germination of
these important medicinal plants of Himalaya.

Materials and Methods

Plant Material

Mature seeds of A. glauca and P. angelicoides were
collected from Tolma-Himtoli (3200 m asl) and Phagati-
Chipkoan (3500 m asl) in Nanda Devi Biosphere Reserve
(NDBR) of Uttaranchal Himalaya during the first week
of October 2002. Seeds of both the species were collected
in small cotton bags and transported to the laboratory.
Healthy and non-infected seeds were separated from
these collections. Immediately after collection, seeds
were dried at room temperature for 1 week and then
stored at 40C before setting experiments. Seed
germination studies were conducted under light (12 hrs)
and dark conditions, at different temperature and plant
growth hormonal treatments.

Seed Viability Assessment

Ninety seeds (3 replicates) of both the species were
subjected to 2,3,5,- triphenyl tetrazolium chloride (TTC)
test after 1, 6 and 12 months of storage at 40C [17]. In
this method, seeds were longitudinally cut using a sharp
blade and the sections were immersed in a 0.5% aqueous
solution of TTC (pH 6.5) for 24 hrs at room temperature
(250C) under dark conditions. The TTC solution was
drained and sections were rinsed 2-3 times with water.
The topographical staining pattern of the embryos
(plumule and radicle) and cotyledons were studied under
a dissection microscope [18].

Water Imbibition Studies

One hundred seeds (3 replicates) of both the species were
weighed and allowed to imbibe water in a beaker (50
ml) at room temperature (250C) under dark conditions.
At regular intervals seeds were removed, wiped dry with
blotting paper and fresh weight was recorded. The seeds
were transferred back into beaker containing water. The
procedure was repeated till the seed weight remained
constant [19].

Seed Germination Studies

Seeds of both the species were soaked in hot water (700C)
and water at room temperature (250C – hereafter referred
to as cold water) in GA3 at 100, 200 and 300 ppm for 24
hours. After standard soaking, 100 seeds of each species
(5 replicates each) were placed for germination in
petriplates (9 cm diameter) on two-layer Whatman No 1

filter paper. Petriplates containing seeds were placed for
germination at 15, 20 and 250C temperature under light
(12 hrs) and dark conditions, separately to assess the
effect of light and dark treatments at all temperatures.
Control indicate no pretreatment of seeds. Germination
was monitored daily from the date of seed sowing. Seed
with radical emergence (>2 mm) was considered as
germination. Germination percentage was recorded every
day until no further germination was found.

Data Analysis

The germination percentage and mean germination time
(MGT) were calculated using standard methods [20].
Fisher’s Least Significance Difference (P<0.05) among
means was estimated [21].

Results

Seed Viability

Seeds of A. glauca and P. angelicoides stained with TTC
(2,3,5-triphenyl tetrazolium chloride) after one month
of collection showed 55.5 and 50.0% viability,
respectively. Seeds stored at 250C for six months showed
loss of viability with only 33-35% seeds showing
staining. Maximum loss of viability was observed for
both the species after twelve months, about 8 and 12%
in P. angelicoides and A. glauca, respectively (Fig. 1).

Imbibition Capacity

The seeds of both the species absorb water quite rapidly
within the first 24 hrs and show 25-32% increase over
initial weight. Water imbibition reached maximum
(33-36% over initial weight) in the next 169 hrs (7 days)
and there after attained saturation (Fig. 2). Therefore,
presoaking treatment of 24 h used in the present study is
sufficient to have imbibition of growth promoting
hormones.

Seed Germination

Seed germination tests reveal that the light conditions
(12 hrs) significantly (P<0.05) improve germination as
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Fig. 2: Water imbibition by seeds of A. glauca and P. angelicoides
with time at 250C under dark conditions

compared to the dark condition. Highest germination in
both the species was recorded at 250C under light
conditions (28.8% in A. glauca and 32.99% in
P. angelicoides) without any presoaking treatment
(control). Seeds of both the species pretreated with GA3

200 and 300 ppm and kept at 150C temperature under
light conditions showed improved germination and was
significantly different from 200C and 250C treatments
(Fig. 3).

Mean germination time was low in all treatments
(including control) at 150C under light conditions.
However, in P. angelicoides pretreatment generally
improved the germination over control conditions at most
temperature treatments under dark conditions. Mean
germination time was recorded generally lowest at 150C
under dark conditions (Fig. 4).

Discussion

Seeds of A. glauca from different populations have
differed in their viability [5]. Seed storage at 40C could
maintain optimum moisture and thus remain viable for
some time, rather than those stored at room temperature
for a short period [22]. Low seed viability may be one of
the reasons for the poor germination in nature [23].
Difference in seed germination rate has been reported in
different populations and variants of the same
populations of Podophyllum hexandrum and variants of
the same populations of this species [24].

In the present study, A. glauca and P. angelicoides
showed decline in germinability at the end of twelve
months storage at room temperatures (250C). There are
variations in the germinability of different rhizomatous
herbs of the Himalayan region [6]. Freshly collected
seeds of Aconitum hetrophyllum and Aconitum balfouri
had high viability, which decreased following storage at
40C for 6 and 12 months [6]. It is reported that the seed
storage at 40C could maintain optimum moisture and thus
remain viable for some time, rather than those stored at
room temperature for a short period [22].

In the present study, it was observed that GA3 under
all concentrations did not improve germination
significantly. But most of the pretreatments carried out
in the present study showed improvement in seed
germination and reduced mean germination time for both
the species. Seeds of high altitude Himalayan plants are
considered to require both light as well as chilling for
breaking dormancy [25]. It is described that 250C is
observed optimum germination temperature as measured
by speed and completeness of germination percentage
in many alpine species from Himalaya [26].

Seed germination can also be regulated by the
conditions prevailing during seed formation as well as
by hereditary factors [27]. In all cases increase in
germination percentage reduces MGT. The present study
reveals negligible effects of GA3 on A. glauca and
P. angelicoides. The poor response of GA3 may be due
to the presence of naturally occurring inhibitors, which
may not be suppresed by the application of GA3

 [28].

Conclusions

The results of this study indicate that seeds when treated
with GA3 100 ppm at 250C room temperature under light
conditions improved germination up to 38.2% in case of
A. glauca and 37.7% in P. angelicoides and can be
recommended as the most practical and useful
pretreatment for propagation of these species. Since all
the pretreatments carried out under different light
conditions and temperatures in the present study have
improved seed germination. These treatments are
recommended for mass propagation of A. glauca and
P. angelicoides for ex-situ cultivation.

Table 1 Characterstic similarities between Angelica glauca and Pleurospermum angelicoides

Feature Angelica glauca (locally called Choru) Pleurospermum angelicoides (locally called Chippi)

Habitat Alpine meadows in western Himalaya Alpine meadows

Flower Compound umbel yellowish or purple in colour Compound umbel yellow or purple in colour

Life span Perennial Perennial

Root Tuberous Tuberous

Stem Hollow Hollow

Altitude 1800-3700 m asl 2800-3500 m asl

Stem Yellowish Reddish

Leaves 1-3 pinnate Broad leaves bilaterally divided



14 LS Kandari et al.

Angelica glauca Pleurospermum angelicoides

Fig. 3: Effect of pretreatments and temperature on germination (bars) and mean germination time (MGT) (line) for seeds of Angelica
glauca and Pleurospermum angelicoides under light conditions (T1-Control, T2- Hot water, T3- Cold water, T4- GA3 100 ppm, T5- GA3
200 ppm, T6- GA3 300 ppm; n= 90).
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Fig. 4: Effect of pretreatments and temperature on germination (bars) and mean germination time (MGT) (line) for seeds of Angelica
glauca and Pleurospermum angelicoides under dark conditions (T1-Control, T2- Hot water, T3- Cold water, T4- GA3 100 ppm, T5- GA3
200 ppm, T6- GA3 300 ppm; n= 90).

Angelica glauca Pleurospermum angelicoides
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