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ABSTRACT

Pterocarpus santalinus L.f. (Fabaceae), an endangered tree, is commercially and medicinally the most valuable endemic to the Deccan
ecoregion of India. It is a highly recalcitrant leguminous species and the seeds show a dormancy period of approximately one year.
Studies on seed germination from various locations were carried out with the aim of producing appropriate germination protocols for use
in ex situ conservation. In field conditions 60% germination was observed from seeds collected from Balpally. /r vitro studies revealed
100% germination with 3% sucrose solution i.e., in water and in different combinations of Murashige and Skoog medium, which is highly
cost effective. Among all the locations of collection, seeds from Balpally and Papireddypally showed the highest percentage of seed

germination.

Keywords: Deccan region, dormancy, in vivo and in vitro seed germination, leguminous tree, plant growth regulators

INTRODUCTION

Knowledge of seed germination and seedling establishment
is a prerequisite for the successful restoration of forests sel-
dom articulated in forest conservation and management
plans especially for rare and an endangered tree species.
The majority of dry tropical species possess orthodox seeds,
which are characterized by dormancy due to a tough seed
coat which is mostly overcome by mechanical, acid scarifi-
cation or sometimes the transit through animal guts.

Pterocarpus santalinus L.f. (Fabaceae) is one among
the above-mentioned species, commonly termed in the trade
as “Red sanders”, and locally considered as the “Pride of
India” and the “State Tree of Andhra Pradesh”. It is an en-
dangered and endemic tree that occurs in Southern regions
of Eastern Ghats (Ahmed and Nayar 1984; Jadhav et al.
2001). In Japan the heartwood is used for the manufacture
of a famous musical instrument called “Shamisen”. A natu-
ral dye santalin is extracted from the wood, and is used for
colouring pharmaceutical preparations and food items.
Extracts of wood and fruit have been extensively used as an
antidiabetic, astringent, diaphoretic and for curing inflam-
mations, dermal diseases, bilious infections, etc. (Anony-
mous 1969). Seed germination has been advocated as one
of the most viable biotechnological tools for the ex sifu con-
servation of threatened germplasm (Kameshwararao 2004).
In view of its high timber price, overexploitation, restricted
distribution and poor seed germination there is an urgent
need for conservation of this plant species failing which the
category of endangered may move to extinct.

Externally there has been unprecedented loss of forest
genetic resources over the past two decades in the tropics
due to habitat destruction, over-exploitation, pollution and
conversion of forest area into non-forestry purpose (Padma-
latha and Prasad 2006). According to the reports of Daya-
nand and Lohidas (1988) and Kesavareddy and Srivasuki
(1990) various limitations in propagation of red sanders by
natural means are prolonged dormancy, low germinability
and poor viability of seeds. Clonal multiplication through

rooted cuttings is also very difficult. Poor seed germination
was reported by Kalimuthu and Lakshmanan (1995). In
vitro multiplication also did not prove too successful as too
few shoots were raised (Lakshmisita ez al. 1992). Hence
to build up proper conservation management practices
which in turn may help in the improvement of elite
germplasm which is biotechnologically relevant for mass
propagation by using plant tissue culture, the present studies
were primarily concentrated on standardization of seed ger-
mination technique of pods collected from different loca-
tions of Andhra Pradesh (AP). The viability of the seeds
was checked periodically for every three months and the
seedlings were raised in natural as well as in in vitro condi-
tions.

MATERIALS AND METHODS

Mature dried pods from different locations i.e., Balpally, Papi-
reddypally, Cuddapah (Cuddapah), Visakapatnam, Rapur, Veli-
gonda Hills (Nellore), Talakona, Tirupathi and Papavinasanam
(Chittoor) were collected during summer (March-June). All the
locations in parenthesis mentioned are district names. The samples
were collected at random from a particular location. The viability
testing (germination percentage by visual observation) of the seeds
was carried out by using mature pods (100 in number) by germi-
nating them in the field and also in in vitro conditions from differ-
ent locations. Since most of the chemicals are very harmful, when
the seeds are treated with them, they may lead to loss of germina-
tion because the embryo may be affected. Thus pods were used
directly. The mature stage of the pods was mostly characterized by
seasonal variations as the fruit becomes mature during summer
and the pod colour will also be brown in nature. For in vivo seed
germination directly mature pods collected in the fruiting season
were soaked initially in tap water for 48 hrs and germinated in
field conditions. In another set of experiments pods were washed
thoroughly with double distilled water (DDW) and were treated
with different chemicals such as KNOs, H,O,, KCI, HNO;, H,SOy,,
GA; and KN (100, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000,
4500 and 5000 ppm) at different time intervals (5, 10, 15, 30 and
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60 min) and also subjected to mechanical scarification apart from
hot water and cold water treatments. Germination percentage was
tabulated after 3 days.

For in vitro seed germination studies the viability of the seeds
(100) was checked by using MS basal media for which mature
dried pods were sterilized by subjecting to scarification by soaking
them in tap water overnight or by using boiling water i.e., at
100°C (5 min) or sulphuric acid (5% for 10 min) and the seed coat
was removed mechanically. Seeds were washed in tap water for 30
min and further treated with 2% Bavastin® (Carbendazime (BASF
India Ltd, Maharashtra) for 30 min (seeds) followed by 70% (v/v)
ethanol treatment for 2 min and with 0.1% (w/v) mercuric chloride
for 12 min, under sterile conditions and finally rinsed 4-5 times in
sterile DDW with duration of 5 min each.

Seeds were aseptically placed on different strengths of MS
(Murashige and Skoog 1962) medium with different percentages
of agar (Himedia Chemicals, India) {0.8% (PS 1), 0.7% (PS 2),
0.6% (PS 3) and 0.5% (PS 4)} and without agar (liquid medium)
MS (PS 6), % MS (PS 7), /2 MS with 0.8% agar (PS 5), full
strength MS medium with different percentages of phytagel
(Sigma Chemicals, USA) (0.1% (PS 10), 0.2% and 0.3%), dif-
ferent concentrations of GA; (gibberellic acid) (Sigma Chemicals,
USA)(1.0 mg.L"!, 2.0 mgL" and 3.0 mg.L'l), in 3% sucrose
(water) (PS 12) alone and on 1% agar (water) (PS 11). Seeds
treated with cold (PS 8) and hot water (PS 9) were cultured on MS
medium with 0.8% agar and percentage of germination was recor-
ded after two weeks of culture. The data was analysed statistically
by using ANOVA test (Analysis of Variance) with both Random-
ized and Critically randomized block designs for in vivo and in
vitro germination studies.

RESULTS AND DISCUSSION

In in vivo conditions, maximum seed germination (50-60%)
was observed from pods collected from Papireddypally and
Balpally and the lowest percentage (5%) of germination
was noticed from pods collected from Visakapatnam. The
pods, when treated with different chemicals such as H,SO,,
KNO;, KCI1 and HCI for different time intervals, seed ger-
mination was observed only in pods treated with KNO;
(100 ppm) for 30 min. The percentage of germination was
much less (2%) (Fig. 1A, 1B).

In vitro seed germination studies revealed that overnight
soaking in tap water followed by mechanical scarification
was most effective. In in vitro conditions, 100% seed ger-
mination was observed from seeds collected from Balpally
on MS (liquid), 2 MS (liquid), 3% sucrose, 1% agar and
MS with 0.1% phytagel. Seed germination on MS medium
after 15 days from seeds collected from various locations of
Balpally is shown in Fig. 1C-D.

According to Kalimuthu and Lakshmanan (1995), P.
santalinus shows poor seed germination. Factors which af-
fect seed germination may be seed dormancy, temperature,
water stress, predation, pod (seed) size, light intensity, soil
moisture, seasonal variations and site of collection. The op-
timum temperature for seed germination in P santalinus
was between 20 and 25°C. Seeds from different locations
exhibited differences in germination, seed size and seedling
growth even in the natural forest areas as was noticed
during a field survey in the forests of Cuddapah, Tirupathi,
Nellore and Vishakapatnam. In Cuddapah, where P. santa-
linus is the most persistent and dominant species, the pods
(seeds) are bigger than those collected from Vishakapatnam.
Emergence, establishment and growth of seedlings face
very heterogeneous situations in the natural dry deciduous
forests. The difference in the size of the pods during our
field observations in different locations may be purely due
to the influence of the environment or it may be due to the
difference at the genetic level which has to be studied
further.

In vivo seed germination was found to be maximum in
pods collected from Balpally compared to other locations
(Fig. 1B). This may be due to the larger size of seeds com-
pared to those collected from Vishakapatnam, which
showed the lowest germination percentage (5%), which
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Fig. 1 (A) Pods of Pterocarpus santalinus collected from Balpally (Cud-
dapah District). (B) In vivo seed germination of P. santalinus in normal
field conditions from pods collected from Balpally. (C) Seed of P. san-
talinus collected from Balpally on MS basal medium with micropylar end
touching the medium. (D) /n vitro seed germination of P. santalinus on
MS basal medium.

might be due to the local edaphic and environmental factors,
which interfere with the seed production, germination, sur-
vival and seedling development (data not shown). A greater
food reserve in larger seeds may enhance their ability to
persist by providing metabolic requirements during the qui-
escence period, until suitable light or moisture conditions
arise. Compared to smaller seeds, larger and heavy seeds
contain more reserves to stimulate germination, seedling
survival and growth (Teketay and Granstrom 1997). Young
seedlings from large seeded species withdraw nutrients for
their successful establishment, survival and early seedling
growth more from the cotyledons than from the soil. Hence
seed size represents a trade-off between seedling establish-
ment and seed dispersal efficiency in wind-dispersed tree
species i.e., P. santalinus.

During in vivo seed germination, acid, hot water and
mechanical scarification have been found suitable, mecha-
nical scarification being the most effective (data not shown)
similar findings were also reported in Olea auropaea and
Podocarpus falacatus by Milberg and Lamont (1997). Pods
of P. santalinus collected from various locations responded
only to potassium nitrate treatment (100 ppm) for 30 min
but the percentage of germination was very low (2%). A
hard seed coat prevents the entry of moisture during iso-
lated showers in the middle of a long dry season while per-
mitting it during a sustained rainy season. The extent of
dormancy varies within a species, and as a result, individual
seeds become permeable to water at different times, which
results in staggered seedling recruitment providing an insu-
rance against spells of unfavorable conditions. The soil seed
bank thus considerably produces seedlings continuously for
several years due to different periods of dormancy. There-
fore in P. santalinus, seed germination in natural field con-
ditions was more effective and among all of them pods col-
lected from Balpally showed a higher germination percen-
tage and hence could be considered as superior seeds (in
vivo) compared to those from other locations (Fig. 1A-D).

In vivo seed germination of P. santalinus was much less
during summer inspite of proper irrigation, which may be
due to increased water stress. Germination and mortality
were found to be highly seasonal. As the fruiting period is
during summer, mature pods are obtained by the end of
April or June and the germination of these pods starts im-
mediately depending on the availability of the external re-
sources like water in spite of the dormancy (1 year) as re-
ported earlier. Competition from annual herbaceous flora
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Table 1 Randomized Block Design Analysis representing the in vivo seed germination when seeds of various locations (Balpally, Papireddypally,
Cuddapah, Visakapatnam, Rapur, Veligonda Hills, Talakona, Tirupathi, Papavinasanam) were used.

Source of variation Degrees of freedom Sum of Squares Mean Squares F Ratio
Replications 4 388.8542 97.2135 0.49
Treatments 11 16140.7246 1467.3386 7.35
Error 44 8780.7334 199.5621 -

Experimental Mean Value: 73.9776

Coefficient of Variation (CV): 0.19

Standard Error of Treatment Mean: 6.317

Standard Error difference of two Treatment Means: 8.93
Critical Difference at 5% level: 17.99

Table 2 Complete Randomized Design Analysis representing the in vitro seed germination when seeds are subjected to various treatments (MS +0.8%
agar, MS + 0.7% agar, MS + 0.6% agar, MS + 0.5% agar, 2 MS + 0.8% agar, MS liquid, PS-7: 3/4th MS liquid, MS with cold water treatment, MS with
hot water treatment, MS + 0.1% phytagel, PS-11: 1% Agar (water), 3% sucrose (water).

Source of variation Degrees of freedom Sum of Squares Mean Squares F Ratio
Treatments 8 319.8 39.9 6.95
Error 36 207.1 5.7 -

Experimental Mean Value: 5.75

Coefficient of Variation (CV): 0.41

Standard Error of Treatment Mean: 1.07

Standard Error difference of two Treatment Means: 1.51
Critical Difference at 5% level: 2.97

must be overcome for successful germination and survival
during rainy season.

Low viability and decline in germination percentage
may also be due to the loss of moisture, which is associated
with a layered seed coat (3 layers), increased leachate con-
ductivity and decreased fatty acid content due to aging in
certain seeds (Thapliyal and Connor 1997).

To enhance the rate of germination, in vitro experi-
ments carried out using Balpally seeds resulted in a 100%
germination was observed on MS (liquid), 2 MS (liquid),
3% sucrose, 1% agar and MS with 0.1% phytagel. Among
all of them 3% sucrose can be chosen for its cost effec-
tiveness (Fig. 1C-D). Germination was more effective when
seeds were cultured with the micropylar end touching the
medium, which would facilitate direct nutrient uptake from
the medium. Thus in vitro seed germination proved to be
very useful for enhancing seed germination and building
seedling stocks.

Statistical analysis using ANOVA showed that the dif-
ferences in the mean values among the treatment groups in
the case of seed germination are greater than would be ex-
pected by chance. This statistically significant difference
observed may be due to environmental differences in case
of in vivo seed germination or due to treatments of the seeds
with different chemical agents in in vitro conditions (Tables
1 and 2, respectively). The critical difference at 5% level
differs greatly in the case of both in vivo and in vitro seed
germination studies, which is clearly in support of the
above statement.

Usually seeds, being natural perennating structures of
plants, represent a condition of suspended animation of em-
bryos and are best suited for storage. By suitably altering
their moisture content (5-8%), they can be maintained for

relatively long periods at low temperatures (-18°C or lower).

Propagation from seed is a viable method for ex situ
conservation of P. santalinus, although it has more stringent
requirements for germination i.e., a sterile environment and
supply of nutrients externally. Germination in non-sterile
conditions and without plant growth regulators will allow
widespread propagation by regional parks and botanical
gardens without the use of specialist facilities. However
seed storage and germination are only the first steps in the
reinforcement of populations of this species. Studies to
attain the baseline data on ex sifu plant development and
establishment in the field following transplantation are now
required. As the species is already in the endangered status,
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extensive population reinforcement is necessary for subse-
quent multiplication. The results mostly suggest that germi-
nation behaviour depends on the site of collection also.
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