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Abstract 

Sandal (Santalum album L.) is one of the most primitive precious useful plants since ancient times. This plant was 

domesticated due to its multifarious usefulness. Through, it has the natural regeneration capability, but it needs further 

experiment towards artificial propagation through seed. It has observed that there are lot of problems on seed germination. 

Successful afforestation or social forestry not depends on seedlings survival out of planting, but also on optimum and 

uniform early growth and productivity. This can be accomplished by raising quality planting stock using known and superior 

seed source material and adopting modern nursery practices. Traditionally, most of the forestry species on commercial scale 

are raised on polybags with a potting media combination of 2:1:1 sand: soil: FYM. Common problems associated with 

traditional nursery techniques are bulky potting mixture, poor nutrient status of the mixture, poor water holding capacity, 

root coiling and less root fibrocity. Modern nursery techniques have potential to overcome the problems faced by traditional 

polybags nursery (Josiah and Jones, 1995). In case of sandal, the basic problem is seed germination artificially. The seeds 

were treated with hot and cold water, GA3 in different concentrations for its artificial germination. After a certain period, 

seedlings were started to germinate. By observing all these peculiarities the germinated seeds were transferred to polypots 

and hycopots. Now, it is being realized that the only way to counter smuggling activities and to meet demand for sandal 

wood encouraging sandal domestication may be the only option. But, an easy technology is to be explored for the plantation 

to be taken up by the general people. Keeping all these views in mind the authors undertook the venture for the same since 

over a couple of years for its propagation and survivality to explore the areas of suitable as well as congenial edaphic factors. 

Day to day growth and development were observed and recorded all these data properly which have been exhibited in this 

context. The main aims and objects are to study the integrated scientific approach of seed germination, its growth behavior in 

nursery for production of quality and healthy planting stock and raising successful plantation subsequently.  
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Introduction 

Sandalwood (White Sandal) is the fragrant 

heartwood of some species of genus Santalum. The widely 

distributed and economically important Santalum genus 

belongs to the family Santalaceae which includes 30 

genera with about 400 species, many of which being 

completely or partially parasitic (John, 1947). Sandal is an 

evergreen large shrubs or small trees (S. spicatum) to tall 

trees of 20 m in height (S. album in India and                    

S. paniculatum in Hawaii). In India, S. album is mainly 

distributed in the Deccan Plateau. The total extent of its 

distribution is around 9600 km2 of which 8200 km2 is in the 
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states of Karnataka and Tamil Nadu (Srinivasan et al., 

1992). Ecologically sandal has adapted various agro-

climatic and soil conditions for in situ regeneration with an 

exception of waterlogged areas and very cold places. 

Sapwood is white to pale yellow, sharply demarcated from 

the yellowish brown to dark brown heartwood, hard, 

heavy, lustrous and straight-grained to slightly wavy, fine 

textured with pleasant characteristic smell (Rao et al., 

2007). Sandalwood trees are famous and very costly 

because of its fragrant heartwood and oil. White Sandal 

(Santalum album L.) was tried in various locations of 

South West Bengal since sixties. The area has 

predominantly laterite soil having rainfall from 1200 to 

1600 mm with maximum temperature 45C0 and minimum 

temperature 7C0. To ensure protection, Sandal was grown 

in various forests Range and Beat Office compounds 

located in the district of Bankura, Birbhum, Burdwan, 

Purulia and West Midnapur bringing quality seeds from 

Institute of Wood Science and Technology (IWST), 

Bangalore time to time. Sandal is one of the very few tree 

species in which research has been carried out for more 

than a century. However, most of the earlier research 

concentrated on spike diseases and its allied aspects. 

Demand for sandalwood and sandal-oil is increasing and 

the gap between demand and supply is widening. To bridge 

the gap between demand and supply, afforestation and 

plantation programme should aim at increasing the 

productivity of plantations. During the year 1975-76, 

Sandalwood trees were planted in Hirbundh Beat Office 

compound under Khatra Range of Bankura District. Trees 

started flowering after 10-12 years and lot of natural 

regeneration has started coming up in Hirbundh Block both 

in forest areas and in the adjoining non-forest areas of the 

Block. But very few records of growth and yield of white 

sandals (S. album) grown in South West Bengal is 

available. An attempt is being taken to study the 

germination and growth of sandal trees grown in South-

West Bengal particularly in Bankura (South) Division 

(Das, 2013).  

Materials and Methods 

Morphology and Phenology: Sandalwood is an evergreen 

tree, partial root parasite, generally grows in the dry, 

deciduous forests of the Deccan Plateau. The tree attains a 

height of 12 of 15 meters and a girth of 1 to 2.4 meters 

with slender drooping as well as erect branching. Bark is 

reddish brown or dark brown in colour; it is smooth in 

young trees and becomes rough with deep vertical cracks 

as the tree matures. Leaves are opposite and decussate, and 

sometime show whorled arrangement. Flower are 

unscented straw yellow coloured at initiation but turns to 

deep purplish brown on maturation. They occur in axillary 

or terminal cymose panicles that are shorter than leaves. 

The tree starts flowering at an early age of two to three 

years and flowering and fruiting season vary. Generally, 

tree flowers twice a year from March to May and 

September to December. The fruit is succulent drupe, 

purplish black when fully mature and single seeded. 

Seed collection, Processing and Storage 

 The shape of the fruit varies from globose, ovate to 

elongate and sometime show tapering ends. The colour of 

the fruit changes from green to purplish black at maturity. 

Fresh purple colored fruits are preferably collected from 

the trees or those fallen on the ground. The fruits are 

collected during March/April and October/ November. The 

seeds of both the season are similar in quality; however 

more quantity is produced in October/ November. Fruits 

are deputed by rubbing. The depulped seed are dried in 

shade, treated with fungicide and stored in air tight 
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container. On an average 6000 seeds weigh one kilogram. 

The dried seed are treated with fungicide before storage. 

The seed viability can be maintained for longer period 

when stored low temperature (50C) in air tight container. 

Germination and dormancy   

         In Santalum album germination is sporadic and takes 

4-12 weeks time to complete germination (Srinivasan       

et al., 1992; Srimathi et al., 1995). Srinivasan et al. (1992) 

recommended nursery bed of sand and soil in the ratio of 

1:3 for seed germination and seed density of 500 g/m2 bed. 

Fresh seeds show dormancy for 2 months period. It is 

likely that the enforced dormancy of seeds is due to 

presence of hard seed coat or due to the presence of 

chemical substances in the seed coat which are impervious 

to water and gases. Ananthapadmanabha et al. (1988a) 

have reported that treatments with dilute Sodium hydroxide 

or dilute hydrochloric acid or gibberellic acid can remove 

the dormancy principle from the seed. Early & quick 

germination in a short time 15 days by breaking the false 

seed coat, indicate the presence of inhibitory principles in 

the seed coat (Srimathi and Rao, 1969). Pretreatment of 

seeds with GA3 500 ppm for 16 hrs resulted in 60% 

germination under field conditions (Nagaveni et al., 1989). 

Traditionally the seedlings at 4-6 leaf stage are transferred 

to poly-bags of 1500 cc. capacity with a potting mixture of 

sand, soil and FYM in 2:1:1 ratio with Cajnus cajan as a 

pot host. Plantation seedling of 30 cm height with dark 

brown stem can be produced in 6-8 months period (Rai, 

1990). 

Germination of Sandal seeds are found profuse from 

the bird droppings in the forest floor as well as in the 

village yards and bunds of the agricultural fields. Sandal is 

also found growing wild in some farmlands, homesteads 

and wastelands in Hirbundh block of Bankura District. 

This indicates the potential of growing the tree in the 

farmlands. The hemi-parasitic nature of sandal is not fully 

understood and silvicultural techniques to establish it are 

not fully known. Ananthapadmanabha et al. (1984) 

reported that sandal plants established haustorial 

connections with the secondary hosts (e.g. Pongamia). 

Though sandal plants can survive without host, their 

experiment has proved beyond doubt that the host plants 

are absolutely necessary for the better growth of sandal 

plants. Very slow growth of sandal and the long rotation 

period is another disincentive for sandal cultivation. 

However, germination of seeds are very  low (15-20%) 

when the seeds are sown in mother bed (sand beds) after 

hot and cold water treatment due to its hard seed coat and 

dormancy. Sandal seeds have been found to germinate fast 

when the seed coat is completely removed, or seeds are 

soaked in 0.05% gibberelic acid for 12-16 hrs (Nagaveni 

and Srimathi, 1981a). 

Causes of Dormancy 

The failure of apparently ripe seed to germinate in a 

suitable environment may be due to a single factor or a 

combination of several factors. The main causes of seed 

dormancy are: impermeable seed coats, mechanically 

resistant seed coats, rudimentary embryos, physiologically 

immature embryos and morphologically mature but 

physiologically dormant embryos. 

Treatments to stimulate germination 

There are various physical and chemical means to 

stimulate germination of seeds, especially in the dormant 

seeds. The efficiency of these treatments varies markedly 

with the degree and kind of seed dormancy. In some 

species seed dormancy is readily broken by any of the 

treatments, whereas in other species the seeds respond only 

to a specific treatment. Sometimes the deep dormancy of 
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seeds cannot be broken by any of the commonly used 

methods (Mechanical scarification, Acid scarification, 

soaking in water, Stratification, Dry storage, Chemical 

treatment, Exposure to light). The ideal time to start rising 

of Sandalwood seedling in nursery is during November- 

December so that disease free plantable seedlings are 

available by July (i.e. at the time of monsoon). Sandalwood 

seeds have post drop dormancy of 50 to 60 days due to 

impermeable outer covering. Sandal seeds are naked, 

lacking testa. The dicotyledonous embryo occupies nearly 

the entire length of the albuminous seed. The stony 

endocarp, although not to be called seed coat, is referred to 

as seed coat literally, though it is a false seed coat.  Fresh 

seeds take 4 to 12 weeks to germinate. The different 

methods tried for germination of sandalwood seeds are, 

a) Pretreatment by Soaking in water:   

Sandalwood seeds are soaked in water for 24 to 36 hrs 

before sowing. Seeds are sown in sand bed (6 mm deep). 

Germination starts after 60 days. In-between 61 to 100 

days, only 2-3% germination is obtained.  

b) Pretreatment by boiling water: 

Sandalwood seeds are pretreated with boiling water 

(10 parts of boiling water with one part of seeds) for 1 min 

and then kept in normal water overnight for soaking. 

Treated seeds are sown in sand bed. Germination starts 

after 50 days. In-between 51 to 100 days, hardly 5% 

germination is obtained.  

c) Pretreatment by alternate wetting and drying: 

Sandalwood seeds are exposed to alternate wetting 

and drying for 12 hrs wetting followed by 12 hrs drying in 

sun. This process is repeated for 7 days and then the seeds 

are sown in sand bed. Germination starts after 40 days. In-

between 41 to 100 days, 4 to 5% germination is obtained. 

Little germination is found even after 100 days.  

d) Pretreatment by Gibberellic acid 

Sandalwood seeds are soaked in 0.05% (w/v) 

gibberellic acid (GA3) solution for 16 hrs. The soaked 

seeds are then sown in germination bed (sand bed) of 

uniformly sieved sand. The germination bed is treated with 

fungicide (0.25% dithane M45) as prophylactic measure 

against insect pest attack.  Seed density is 500 g/m2.  

Germination starts after 21 to 30 days of sowing and upto 

90 days we get 35 to 45% germination and after 90 days 

there was no germination of seeds. The results are given in 

the following tables 1 and 2. 

Results  

Soaking in cold water or hot water or alternate 

soaking in hot and cold water did not improve either the 

rate of germination or the percentage of germination in 

case of sandal seeds. Soaking the seeds in 0.05% GA3 for 

16 to 24 hrs gives good germination of sandalwood seeds. 

Table 1. Germination in Hirbundh nursery during February 

Time of seed collection:  November-December, 2011 

Date of sowing seeds    : 03/02/2012 

No. of seeds sown      : 1070 

Date of soaking            : 02/02/2012 (Temp. Max-

26.90 C and Min-12.20C) 

Date of 1st germination: 02/03/2012 

Progress of germination 

Period (days) No. of seed 

germinated 

% of 

germination 

1 – 26 Nil Nil 

27 – 40   149 13.91 

41 – 50 86 8.03 

51 – 60 70 6.53 

61 – 70 26 2.43 

71 – 80 13 1.22 

81 – 90 4 0.37 

Total seed 

germinated 

348 32.49 

Table 2. Germination studied in Kamalpur Nursery March 

Time of seed collection:  November-December, 2011 

Date of soaking in GA3: 27/03/2012 
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No. of seeds sown    : 2000 

Date of sowing seeds:        28/03/2012 (Max-36.10 C and 

Min-16.70C). 

Date of 1st germination: 22/04/2012 

Progress of germination:  

Period (days) No. of seed 

germinated 

% of 

germination 

1 – 25 Nil Nil 

26 – 40   462 23.03 

41 – 50 225 11.25 

51 – 60 211 10.55 

61 – 70 30 1.50 

71 – 80 17 0.85 

81 – 90 7 0.35 

Total seeds 

germinated 

952 47.60 

gibberellic acid for 12-16 hrs and transferring to 

germinating medium (sand bed) gave about 50% 

germination within 60 days. Tables 1 and 2 shows that 

germination in February sown seeds are 32.49% but in 

March sown seeds are 47.60%. This variation is mostly due 

to variation temperature of February (Max-26.90C and 

Min-12.20C) and March (Max-36.10C and Min-16.70C). 

Discussion 

  In sandal seeds, the duration of the germination is 

much prolonged after the dormancy period. It starts in 30 

days and reaches hardly 50% in 90 days. Afterwards rate is 

very slow and germination period extends over 140-150 

days. But in this period some other factors like fungus, 

nematodes, and rodents may invade the seeds, thereby 

reducing their germination capacity. Also such delayed 

germination affects nursery management and increases the 

cost. Therefore, in order to get maximum germination in 

shortest possible period, pre-treatment should be given to 

the sandal seeds. 
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